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A. I. E. E. National ,, 

and Regional Prizes * • f 

A system of National g,nd Regional Prizes for Institute 
papers was inaugurated by the Board of Directors ig 
/ 1926 and has been administered.by a special Co mmi ttee 
on Award of Institute Prizes. After two years’ experi¬ 
ence, this committee found the system of award to he 
extremely difficult, owing to the fact that comparison 
between papers dealing with entirely different branches 
of the art cannot logically*be made. It was also found 
necessary to establish some Basis for rating and judging 
the pap®rsk*prder to make the awards in a satisfactory 
manner. Aft^r a careful study of the whole situation, 
this committee submitted a. new plan to serve as a 
basis of awards fgr Institute papers, and the Board of 
••Directors, at a meeting held in Detroit on June 23rd, 
adopted .the committee’s report as given below. The 
following plan is therefore now in effect as applying to 
prizes for papers presented in 1927. 

The principal changes included in the report consist 
of increasing the number of-first prize awards to three, 
each applying to a broad classification of engineering 
work; the adoption of a standard method of grading 
papers; ary^ the omission of the National Prize for the 
best^Regional paper, as prizes are available for the best 
papers in each .Geographical District. ..The report 
follows: • . • 

* # ft v. ‘ G ' 

National Phizes 

The following National Prizes may be awarded each 
year at the discretion of the Committee on AWhrd of 
Institute Pfizes: - * • 

1. First Prizes • * 

Engineering Practise 
Theory and Research 
Public Relations and Education 

2.. Prize for Initial Paper 

3. Prize for Branch gaper 

1. The First Prizes in each of the three classes,— 
namely; “Engineering. Practise,’! /‘Theory and Re¬ 
search,” and “Public Relations and Education”—, 

consisting of $100.00, and a certificate may be awarded 
to the author or authors of the best original paper pre ? 
sented at any National, Regional, or Section Meeting of 
the Institute. 

2. The Prize for Initial Paper, consisting of a 
certificate and $100.00 in cash, may be awarded to the 
author or authors of the most worthy paper presented 


at any National, R&gjpnal or Section Meeting of thh 
Institute, provided the author.or authors have never 
previously presented a paper which has been accepted 
by the Meetings and Papers Committee. . 

3. The F^ize for Branch Paper, consisting of a certifi¬ 
ed and .$100.00 in cash, may be awarded to the author 
br authors of the best paper presented at a Branch or 
other Student Meeting of the Institute, provided the 
author or authors are Enrolled Students of an Institute 
Branch. /* • . » 

a. Consideration of Papers. All papers approved by 
the Meetings and Papers Committee and pre¬ 
sented at any meeting will be considered by the Com¬ 
mittee on Award for the BestPaper Prizes without being 
formally offered for competition. Papers other than 
those presented to the Meetings and Papers Committee, 
and all “Initial” papers, must be submitted in triplicate, 
with a written communication to the National Secre¬ 
tary on^or before February 15th of the year following 
the calendar year in which they were presented. 
This may be done by the author or authors, by an 
officer of the Institute, or by the Executive Committees 
of Sections or Geographical Districts. 

All papers submitted for prizes, (excepting for the 
Branch Paper Pyize), must be writteii by members of 
the Institute,’and .when papers are written jointly,.at 
least one of the authors must be a member of the 
Institute, and tHe cash award shall be divided. 

Consideration of papers for prizes for a given yeal“v 
shall Include only those papers presented during the 
calendartyear. 

> b. Time of Award. All National Prizes for a given 
calendar year shall be-awarded prior to May 1 of the 
succeeding year by the Committee on Award of Insti¬ 
tute Prizes. This committee shall consist of the past 
and present chairman *>of the Meetings and Papers 
Committee, (covering the calendar year during which 
the papers were presented), and of such other members 
as the Board of Directors may designate. * 

All prizes shall be presented at the Annual Sommer 
. Convention of the Institute during the year following 
the year in whieh the papers were presented. 

c. Conditions of Award. For the First Prizes, the 
Meetings and Papers Committee shall indicq|e to 
the Committee on Award of Institute Prizes the 
class under which each paper for First Prize is to be 
considered. 

The considerations which shall govern the grading 
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„ ! * - •. * 
a. Consideration of Papers. All papers to-be con¬ 
sidered m competition for Regional Prizes must be 
submitted in duplicate by the authors or by the'officers 
of the BrancH, Section or District concerned, to the 
District Committee on Awards,; on or before January 
10th of the year following the calen^r year in which 
.... , the papers have been presented. 

All papers submitted for prizes, (excepting for the 
- # Branch Paper Regional Prize), must be written by 

members of the^nstitute; and when papers are written 
15 per cent jointly, at least one of the authors must be a member of 
fee Institute and the cash value of the prize shall be 
divided. 

10 percent Time of Award. All Regional Prizes <for a given 

calendar year shall be awarded prior to May 1 of the 
succeeding year by the District Execufive Committee 
35 per cent or b y a committee appointee] by the District Execu¬ 
tive Committee and authorized to make such awards. 

c. Conditions of Award. •The considerations which 
shah govern the grading of papers for the purposes of 
making awards shall be the same as tlfose governing 
the awarding of National Prifes. 


*bf papers for purposes of making awards shall be as 
follows: n • 

Analysis of Subject • : Grade 

The paper shall present a clear outline of the- 

situation out of which arises the need for the 
preparation of a paper on the particular sub¬ 
ject, explaining the point of view assumed in 

the presentation;. 

Logical Presentation. ^ * 

The presentation should include an analysis of 
the difficulties encountered, the methods of 

attack and the solution of the problem. 

» Tfnity 

While brevity and conciseness are important, 
they should not be attained at the sacrifice of 

unity and completeness of presentation. 

Value in its Field * 

The value of the paper as a contribution to the 
literature in its own field should receive par¬ 
ticular consideration v .* ... 

Value to Electrical Engineering 
The paper should be considered from the stand¬ 
point of the quality of its contribution to the 
advancement of electrical engineering and its 
value to civilization.. 30 per cent 

At the discretion of the Committee on Award of 
Institute Prizes, ji single paper may be awarded more 
than one of the prizes available and honorable mention 
may be made of papers which do not reoeive prize 
awards. . 4 

Papers awarded prizes shall be published in full or in 
abstract in the Journal, in the Transactions, or in 
pamphlet form. . * 

Regional Prizes 

The following Regional Prizes may be awarded each 
year, in each Geographical District of the Institute : 

1. First Prize 
%. Prize for Initial Paper 
3. Prize for Branch Paper 

1. The Regional First Prize, consisting of a eertifi- 
eate of award issued hy the officers of the Geographical 
District and $25.00 in cash, may be awarded to the • 
author or authors of the best paper presented at any* 
Regional, Section or Branch Institute meeting in the 
Geographical District during the calendar year. 

2. The Regional Prize for Initial Paper, consisting of 
a certificate of award issued by the 'officers of the 
Geographical District find $25.00 in cash, maybe 

awarded to the author or authors of the best p- 

presented at an Institute meeting m the District pro¬ 
vided the author or authors have never before pre¬ 
sented a paper before the Institute at any National, * 

• Regional, or Section meeting. 

3. ^The Regional Prize for Branch Paper, consisting 
of a certificate of award issued hy the officers of the 
Geographical District and $25.00 in cash, may fce 
awarded to the author or authors of the best paper 
presented at any Branch or other Student Meeting 
of the Institute, provided the author or authors are 
Enrolled Students of an Institute Branch. 


Engineering Developments 

Surveyed at Summer Convention 

Engineers in the electrical industry' have glanced 
over all aspects of their art and have recorded great 
progress, outlining definite things to accomplish in the 
near future. This status of engineering was indica¬ 
ted at the noteworthy convention of the Institute 
e d in Detroit. It is a notable occasion %hen fnore 
than 1200 electrical engineers gather under the .aus¬ 
pices of theft professional society. Their work is fund¬ 
amental to industrial progress, and the industry may 
well be proud of the Institute and its accomplishments. 
It could commendably do more to encourage Institute 
activities, for the contributions of professional engi¬ 
neers deserve unstinted support. * 

At the Detroit convention a series of technical com¬ 
mittee reports of great value and importance was pre¬ 
sented. Every phase of the art was carefully sur¬ 
veyed and many new developments recorded. Sound 
engineering opinions and suggestions deserving of se- 
nous consideration by all branches of the industry were 

paper ]? esent< *J f tbese re P° rts - Attention was called to 

P P the rapid treftd of research frn-m 












The Use of 'High-Frequency, Currents for Control 

* * ' BY C. # A. BUDDIE 1 * . 


m • * • Associate, 

• 

T HE rapid development of radio has .given rise to a" 
parallel development in the art of remote control. 
Remote and supervisory control is being applied 
to an ever increasing variety of problems. This control 
is now commonly effected by the use of special wftes 
connecting the apparatus under control with the poinj, 
from which control is exercised. 

Wires suitable for control purposes ^re often difficult 
to obtain. If they are supported for any considerably 
distance on the. same towers as the power line, induction 
from the power line may seriously reduce their value 
unless special measures are adopted. If the wires, are 1 
carried on separate poles on a separate right of way, 
the cost becomes a formidable item. The other alter¬ 
native is to lease the -necessary circuits from the tele¬ 
phone company. In thi^ case, the rentals are always 
so high astt?be a serious burden on the whole project. 

The expend of obtaining and difficulty in operation 
of special .wire circuits hftve directed attention to the 
possibilities in tfr^use of alternating currents of moder- 
***ate or high frequency for control purposes. The object 
has been to utilize the existing power conductors as a 
control circuit. This has been accomplished by super¬ 
imposing on’- the live power circuit a frequency suf¬ 
ficiently different from the power frequency to permit 
its being easily separated from, the power frequency by 
suitable tuned circuits. Although this current flows 
in the power system together with the power current, 
it is independent of it.- It may therefore be used for 
control purposes. . 

The application of * alternating current to control 
problems ’opens up many new fields. The develop¬ 
ment of apparatus is already, quite well advanced. 
Some of the equipment has been in commercial service 
for over two and orie-half years and has given goad 
account of itself." The applications already developed 
provide for the Control of large main line oil circuit? 
breakers, substation apparatus and street lights. Tt is 
expected tjiat this type of control frill be used quite 
generally for all classes of control now requiring special 
circuits, where these circuits introduce a serious burden 
on the project as*a whole. „ • 

The development has been carried out along two 
rather distinct lines. The apparatus may be classed 
according to the frequencies employed as . 

1. Medium-frequency systems, „ 

2. High-frequency systems. * • 

The medium-frequency system employs frequencies 
of the order of 500 cycles. This control frequency is so 
low that it passes through, transformers just like power 

1. Westiaghouse Elec. & Mfg. Co., East Pittsburgh, Pa. 
Presented at the Summer Convention of the A. 1. E. E., 
Detroit, Mich., JuneB0-S4,19&7. 
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frequencies. The control frequency .is generate*d by a 
motor-generator set and is fed into the circuit usually 
by means of condensers. The special advantage of this 
system is that the line losses are low on account of the 
moderate frequency used. It is possible to transmit 
sufficient energy t(f J^e receiving devices to directly 
actuate a relay magnet.. This,, relay is tuned to the 
control frequency and therefore responds only to this 
frequency. The relay is simple and sturdy and requires 
no vacuum tube amplifier. The system is very flexible*'' 
and is well adapted to quite a variety of applications. 

* The high-frequency system employs frequencies of 
the order of 50,00ft-cycles. Frequencies of this order 
are most readily produced by vacuum tube& The 
energy employed in the high-frequency system is much 
less than that required in the medium-frequency 
system. Vacuum tube amplifiers are necessary to 
amplify the control frequency at the receiving point in 
order to get sufficient energy to operate a relay satis¬ 
factorily. On account of its requiring vacuum tubes, 
the receiving equipment is much more bulky and more 
complex than the corresponding equipment of the 
medium-frequency "system. Currents of this frequency 
do not pSss readily through transformers. Its applica¬ 
tion is *therefore limited mainly to operation over high 
voltage power lines, but it is well adapted to this class of 
^service. . . 

High-Frequency System Installed at 
Tipton, Indiana 

Sporadic attempts at control utilizing radio or high- 
frequency currents over wires-date back over a periqd of 
10 or 15 years. These attempts assumed more of a 
spectacular than of a practical trend. Perhaps the^first 
definite attempt’to control the apparatus of a powe^ 
system by high-frequency currents was made just" 
previous to the opening of the Dresser Power Station 
of the Central Indiana Power Co. There was then 
in operation a high-frequency system controlling two 
66-kv. circuit breakers at Tipton, Indiana. The control 
point was Kokomo, Indiana, some 20 miles distant. 
The 66-kv. line loops through the substation at Tipton. 
An oil circuit breaker Ts installed in each branch of the 
line as it connects to the high-tension bus at Tipton. 
This is indicated in Fig. 1. . 

The local power plant which previously supplied the 
town of Tipton was shut down shortly after the trans¬ 
mission line was built between Indianapolis and 
Kokomo and power was supplied from the line. Th« 
substation at Tipton is about a mile out of town. 
An operator is not maintained at this point. The 
object of installing the circuit breakers and the control 
system was to insure continuous service to the town 
■ from either of two power sources, namely, Indianapolis 
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Thus, to operate one of the Tipton breakers, the 
Kokomo operator was required "to perform only the 
usual function of operating the controller of & standard 
oil circuit breaker. This started the automatic impulse 
sender which sent ou£ a code of impulses corresponding 
ta> the particular controller operation performed. 

When the code impulses were received at Tipton, the 
proper control circuits were completed and the'desired 
breaker operation effected. At the completion of any 
circuit breaker operation a small transmitter was 
automatically started by means of a similar automatic 
impulse sender and a code was sent back to Kokomo 
corresponding to tl*e breaker' operation which had 
occurred. These impulses being received at Kokomo 
on selectors caused tTie proper indicating lamps to show 
on the Kokomo control board." The equipment was 
an electfortfa£net commonly called a motor magnet also arranged so that in case of doubt the operator could 
which drives a^pontact arm over a bank of contacts by always check the position of the breakers, 
means of a .ratchet and psftvl, as shown in Fig. 5. At 

each impulse of the radio or control relay, the motor Improvements in Mechanical Design 

^magnet advances its contact arm one step. By a The mechanical arrangement and form of mounting 
combination of fast and slow relays associated with the used in the Tipton installation has been changed in later 
motor magnet, the circuit through the contact arm is designs. The receiving equipment, instead of being 
held open until the proper code sequence is received, built as a'number of independent units and mounted on 
After the final pause in the series of code impulses, a a table, has been changed to the arrangement shown in 
slow relay drops out and completes the circuit to per¬ 
form the desired operation if the correct code sequency • , ~ 

has been received. The relay combination is siicb that kdj 

during the«idvance of the selector contact arm a pause T 

must be made at two predetermined points and there * -1 

must be no interruption* in each group «pf iiftpulses> 
between the pauses. The total numbdi" of impulses 
must alsb add up to a predetermined total. Unless 

all of these conditions are .fulfilled, the operating circuit " r- 

cannot be closed. This interlocking combination is . 

more elaborate than thqt commonly used in the calling • IBctmHm ^ 

system of standard power line "telephone equipment. * / 

The installation. at Tipton, is perhaps the oldest * 
practical installation of supervisory control using high- 
frequency currents transmitted over a power line. 

In its initial stage "it involved merely the application 
of a standard power line telephone system to the 
service of controlling oil service breakers. It was but 
a short step from this to the full system with answer¬ 
back applying all the well-known functions of modern 
supervisory control. .* * * 

# 

Answer-Back With Indicating Lamps • . 

In order to provide for an answer-back signal, a small 
transmitting set was installed at Tipton and an ad¬ 
ditional receiver was added to the equipment at 
Kokomo. Controllers similar to those used for con¬ 
trolling oil circuit breakers replaced the automatic 
calling dial of the desk telephone set. These were 
mounted on a small pqpel and provided with the usual 


Polarized Relay 


To Selector 


To Detector 


Fig. 4—Schema^c Showing Method of Operating Polar- 
• ized Relay 


Two vacuum tubes are used in'parallel to ensure ample mechanical 
pull at contacts * 


Fig. 5—View of Selector Showing Motor Magnet and 
Bank of Contacts 


Fig. 6a-6b. The equipment is all mounted ok*- panels 
which are accessible front and rear. The unit con¬ 
struction is still retained. The top panel carries the 
entire high-frequency equipment. A second panel 
carries all vacuum tubes and associated apparatus. 
The third panel carries the rectifier supplying th#plate 
current to the vacuum tube system and the lower panel 
carries all relay and selective equipment together with 
the terminal board. 

For work over short stretches of power line or over 
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sections of badly exposed telephone* line, a small unit 
has been developed... This is*a complete transmitter 
and receiver and also carries with it sufficient selective 
equipment for some simple applications. The unit is* 
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... - h it has been found 

a^wide variety of control problems It is 
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one of its principal , points of merit 
receiving unit is very smalUn bulk and 1 

• I '., ", ese features were essential to 

■ in the field of street light control 
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coXoT Tb.Z , service - of su P™?y 

control. The transmitter tubes are shown at the top 

A Tw e I° SCl at0r and four 7 ^ watfc tubes are mounted 
so that they may he tied all four in parallel 2 oscillators 

f«- contro 1 work, or two may be used as oscillators and 
t , f ° r “ odul ators for telephone service. The lower 
%ee tubes constitute the received. The unit is 
^supplied with 500 volts of direct current from a dyna 

Siss °™‘ “ by j ^ 

applied *° «■* s2 s 

street hghts fed from pole time revulatino- trcm 

onners. It is not well adapted to this class of service 
because of the bulk of the receiving equipment which 
must be hung on a pokrand more or lei eCsed to tS 

s^tlvhtf ^Th^ smtable t0 th ? control of multiple 
str^ti^hts _ This is again owing to the bulk and cost 

of the receiving equipment and to the fact that fvi 

. ST t ‘Z ^ ot “-O 00 do not reaffly 
ttrough transformers. 'The system is thus liaiidZ 
service on high-tension lines. ■ to 

Medium-Feequexcy System 
As early as 1901, Mr. Rhodes of the New York pvu. 

Co. proposed to turn multiple street lights on and °ff 
by superimposing a 500-cycle control current Z the 
power cnxsuts. The early work did noHl°LZ . 
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* • • * • * 

generator to the line. Inductance coils are provided to at the outgoing terminals of the feeder. This control 

tune the circuit as a whale. The power circuit presents frequency potential acts throughout the whole length 
a low impedance when viewed from the* generator y>f the feeder in the same manner as the power ire- 
terminals. Hence a coupling transform* of suitable quency but it is quite independent of it. The various 
ratio is interposed between the generator and the tuned _ distribution transformers supplied by the "feeder, step 
circuit to enable tj^e generator to deliver its full output this control voltage down in the same ratio as they do 
into the power system. * the power voltages. Thus, with 100 volts of control 

Method of Energizing Feeder # frequency on the high side of a 2200-volt distribution. 

. When energizing a single feeder, it is preferable to transformer, five voltg^are delivered on the 110-volt 
connect on to the feeder just beyond the feeder regulator S1 e ' ' 1£ i , s vo ^ a ge which is available for the 

and reactor, as indicated in Fig. 7. This will be apparent op ® I ’ a 10n the control relays. 

• At any point on the system where control- is desired,* « 

• ' Feeder Regulator a control relay is located as indicated , in Fig. 7 and 

3 ____ 5 connected to the 110-volt side of a distribution trans¬ 
ition i 2 . 2,300 v. Feedetg former. It consist^ of a simple U-shaped magnet . 

Transfer™^ - r I acting on a balancecf armature as shown more clearly 

I ! U U . LJ Distribution in schematic diagram, Fig. 8. A contact is mounted on 

' ijTuningfoiis the armature shaft and arranged to close when the 

. # \^^J T r a *f 0rmer relay is energized. A condenser is placed in series with 

. pOTfj Tunwi RphyJ—the relay winding. The inductance of the winding is 

' Generator® - ^ To Lamp switch designed so that the inductive reactance of the relay is 


Feeder Regulator 


Station 
Transformer 4 


jTuning Condenser 
jJuning£oils 


Transformer 


J Distribution 
i Transformer 


^ Generator® 


Tuned Relay- 1-— 

To Lamp Switch 


Fig. 7—Schematic Diagram Showing Method of Ener- 
mm gizing Feeder Jfor Medium Frequency Control 

when it is observed that current delivered by the 
generator through the tuned circuit to the feeder has two 
paths in which to flow. It may flow out along the 
feeder through the numerous distributing transformers 
and it may also fhn)v back into the station bus and 
through the large station .transformers. If the generator 
is connected beyond the reactor and feeder regulator, 


ON MAGNET 


. / * 

GO-CYGLE TUNED RELAY 

Mains \ 3 


LAMP CONTACTS 


TOG6LE 


To Contactor Switch 


" . |J OFF MAGNET 

CONTROL CONTACTS 

9—Schematic Diagram of Street Light Control Unit 
Using Resonant Relays 


exactly equal to the capacity reactance of the condense?^ 
at the 'frequency the relay is intended to operate on. 
JThe total** reactance of the relay circuit including its 
condenser is therefore zero, and the control current 
passing through the relay is governed by Ohm’s law, 
thus: 


fr- 


CJ*-110 Volt 60 Cycle Mains—;->Q 

• • • m 

Fig. 8—Schematic Diagram oi* Resonant Relay 

• • 

the impedance of these two elements is interposed in the. 
path of the current flowing back through the station bus 
and less generator current is required to energize the 
feeder. 

The control currents flow along the conductor just 
as though the power currents were not present. Suf¬ 
ficient current is fed into the system to establish a 
control frequency potential of approximately 100 volts 


where E is the value of the control voltage impressed 
across the relay circyit, R is the effective resistance of 
the relay circuit, and I is the current flowing throif^h the 
relay winding. When a circuit is adjusted so that its 
reactance is zero, it is said to be in tune or in resonance 
for this particular frequency. 

Application to Street Light Control % 

In its application to street light control, it is clear 
that the lower the effective resistance of the relay cir¬ 
cuit, the more energy will be available for its operation. 
This is owing to the low impedance of the supply 
circuits; the principal difficulty encountered in the 


* t 


• • 
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development of.the.relay was in keeping its losses 
sufficiently low.. By careful selection of materials and 
proper proportioning of the magnetic circuit, these 
losses were cut well* under the values necessary for 
commercial operation. It was the successful develop¬ 
ment of these low loss relays which made it possible to 
draw sufficient energy from tfye power system to 
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to. a rather new problem. This is to provide for th 
control of numerous sectionalizing switches and som 
oil circuit breakers on a long 110-kv. line. The circui 
over which the control system operates is rather novel 
ih * s circuit is obtained by insulating the ground wire 
ordinarily provided on a long high-tension line Thi 
.Protective feature of the ground wires is not sacrifice! 
appreciably owing to ihe Installation of spark gaps al 
frequent intervals which provide a discharge path tc 
ground. The sectionalizing Switches to be controlled 
•are installed at 15-mile intervals. At each point where 
a sectionalizing switch is located, a drainage transformer 
is provided with its middle point grounded.in addition 
to the spark-gaps. 

The control frequency 
generator. This r 
insulating and drainage transformer, 
voltage is 100 volts and the 
with taps to permit the 
500 volts. 


Insulated Ground Wires 


is produced by a 3^-kw. 
is connected to the line by a step-up 

- --The generator 

transform^- is .provided 
use of line voltages of 300 to 

Contaol Freq. Gen. ~ ££fl To Selector 

Resonant Relay 1— i he current supplied by the control generator is con- 

Fig. 10 Series Street Lights Controlled by Medium & ^ndard sy^em of Supervisory control., 

• Frequency System # ’ r ne output of the generator is thus broken up into 

By interrupting the flow of current from fife control rdays'S thfpSs 

generator, the contacts of the resonant rela/s can be The line voltage of 500 volts is stennpri + 1A 

made to follow. Thus code impulses from the conttol by theinsula4 toSSS!? 

frequency generator are reproduced by the contacts qf alizing switch. This voltage is used to on^r wT 

the resonant relays. The system may therefore be resonant relays. The contacts*of tho ro«r> P f te , the 
used for control purposes of any kind... . contacts ot the resonant relays 

In applying the system to street light control, two . * 

control frequencies are employed, one for turning the [ 

lights on and one for turning them‘off.- Selection by * ’ I * 

using different frequencies is preferred in this case I- 

because of its simplicity. This requires two relays at potentwl unit 

each control point, one resonant to each contrpl fre- transformer 
queney. The contacts of the resonant relays are not * 

required to carry the lamp current, but merely to throw, 
a toggle switch which is provided with heavier contacts* LirM - 

to carry the lamp current. Pig. 9 shows h schematic Lw___ 

diagram of the two resonant relays and toggle switch ' ■ ■ 1 

as used m street light control. These elements are * • 

assembled m a weather proof case. The whole control °n BUATlc Diageam Shot 

unit is small enough to permit its being installed on ft,* . NCT CoN ' rEOL Tsing Circuit 

base of most ornamental street light posts. ° nttie 

^n application to the control of series sta 
the control unit governs the position of an 01 
the primary side of a pole type regulating tr 
as in Fig. 10. In this case, the feeder p< 
usually 2300 volts and a potential trans 
necessary to supply 110 volts to the con 
This transformer furnish® power frequency 
operate the oil switch and control frequency 


cjpo-j-*- protective Gaps 


Discharge Gap^ 


Drainage and Insulating Transformer 


regulator 


itch in recei ^ ed f \ circuit to repeat the impulses re- 
former om the control generator into the selectoi 

Ltia! is 

ner Lnd ™ pl05 ' s a combination oi fast 

Um }‘ and contact b ® ether associated motor magnets 
** ° tlphow and E “ ° rdinaril y m automatic 

87 ° supervisory controf ‘rSf* 1 *“! f andard P ractise for 

and resonant COmp ete supervisory system 

board sSon T ^ are ™*nted on a switch- 
[uency struction and tb/lrw 6 Wlde ' • The type of line eon - 
PPlied age transformers is sho 2 2 £ ?f k ‘ gapS and drain ‘ 
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This application oft medium-frequency # alternating greatly the» interruptions to service‘arising from th 
currents to the control of sectionalizing switches is. use of a single-circuit line. The system may aldo ha 


likely to find wide application on long transmission 
lines where conditions will not justify a double-circuit 
line. By this ryeans it is expected to reduce ¥ery 


important applications on double-circuit lines ai 
. assist materially in the solution of controj problems 
of all kinds. * ■ • . 


- . 

Present Status.of the International Electrical 

• Units* . 


BY E. C. CRITTENDENf 

Member, A.*[. E. E. 


Synopsis. —This paper summarizes the present legal standing 
and practical usage of the international electrical units, particularly 
us maintained in the United States. ‘The international agreement 
rt, ached in 19IQ wasprovisionaPand requires some revision. Fur¬ 
ther investigations of the international standards, as well as of the 
absolute units, g urgently needed to put the system on a satisfactory 
basis for work of high precision. • „ 

Legal authority to deal with electrical units has now been given 
* the International Com?nittee o \^ Weights and Measures. This 
provides a ~permanent working organization through which inter¬ 
national agreements can be reached and can be made effective 
throughout the world.- • 

When, the committee takes up the question, of electrical units for 


formal international adoption, it will have to decide whether to main- 
tain as nearly as is practicable the values accepted at present or to 
revise them so as to accord with the fundamental c. g. s. system. 
With regard to primary standards, it will have to choose between the 
mercury ohm and silver voltameter, on the one hand, as against 
direct determination of the units by methods based on mechanical 
dimensions. 

The Bureau of Standards has under way several investigations 
planned to give a better-technical basis for final decisions on these 
questions.' It is desirable also that they be discussed by those 
interested wi making precise and accurate electrical measurements in 
order that off the advantages and disadvantages of the changes pro¬ 
posed may be given adequate consideration. 


Introduction measurements of electric, current can be made by tide 


W7HILE many systems of electrical units have 
W b^n proposed, the leaders in electrical science 
«• and engineering since the time of Weber have 
almost invariably adhered to* the principle that fun¬ 
damental electrical measurements should be based 
on the mechanical effects of electricity, and thus be 
made concordant with measurements in other fields 
of science and engineering. The metric system ha's 
also been generally accepted as the basis for tUe elec¬ 
trical units. * 

Even though this general principle is accep ted, there 
are many sets of alternatives between which a choice 
must be made. For example, one may start with the 
mechanical forces between electric charges at rest, or 
on the other hand, ftrst consideration may be given to 
the magnetic, effects which are of so much greater 
importance in connection with electric'currents. In 
other words, the basis of the system of units may be 
either electrostatic or electromagnetic effects. . 

In fact, systems of both kinds are used, and each'has 
special advantages for particular cases. The greater 
importance of electromagnetic relations in the practical 
use of electricity, and the facility with which precise 

‘Approved by the Director of the Bureau of Standards, 
Department of Commerce. 

tPhysicist, Chief of Electrical Div. r Bureau of Standards, 
Washington, D. C. r 
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use of magnetic effects, have combined to give the 
electromagnetic system a predominating position. It 
is nevertheless worth noting that developments of recent 
years, especially ip high-voltage work and in electronics, 
have made electrostatic effects more prominent than 
they formerly were. It has been established beypnd 
reasonable doubt "that all material is composed of co»». 
stellations of electric charges. The numerical values 
of these elementary charges have been determined with 
precision. In numerous devices they already serve us, 
and the future importance of their direct uses no one 
can foretell In this great and growing field of science 
and practise, essential values are naturally determined 
in absolute electrostatic units. 

It would b'e beside the point to discuss here the 
various combinations of units which have been proposed 
for the purpose of simplifying the numerical relation^, 
between quantities and thus making computations 
easier. These proposed systems are treated at some 
length in Bureau of Standards Circular No. 60, “Elec¬ 
tric Units and Standards,’' 1 and Scientific Paper No.* 
292, “International System of Electric and Magnetic 
Units.” 2 In brief, the view set forth in those publica¬ 
tions is that in the “practical” electromagnetic system, 
as modified by the adoption of the present international 
units, there has been developed a set of units more 
generally satisfactory than any of the systems proposed 
on a theoretical basis. Consequently, it is concluded 
that there is no good reason to incur the confusion which 
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would result from an attempt to change the units now 
•ordinarily used. * • . • 

During the last 10 years there has been no agitation 
for radical changes in the present system, and certainly 
no Such proposals,would now be received with favor. • 
No one would seriously propose to do away with the 
ohm, the ampere, or any of the important units derived 
from them. It is, however, an gp^n question whether 
the values of these units as now accepted should not be 
adjusted- to make them accord more closely with the 

* general system of measurements. Furthermore, we 
may well inquire whether the methods of •determining 
these values have not reached such a stage of perfection 
that the old expedients for maintaining constancy o# 
the umts can be safely discarded. JT any such changes 
of tints or of fundamental standards are to be made 
they must, of course, be thoroughly considered in ad¬ 
vance m order that the advantages and disadvantages 
resulting from the change may be fully weighed The 
purpose of this paper is therefore to set forth the present 
status of the umts and to ask for discussion of the 
changes which might logically be made if found 
expedient. 

Legal Basis of the Units in the Uniter States 
The legal basis for the electrical units u«d in the 
United States is still the Act of July 12, 1894. This 
accepted the international ohm, ampere, volt, coulomb 
farad, joule, watt, and henry, as adopted at the Inter¬ 
national Electrical Congress held at Chicago in 1893* 
and incorporated definitions paraphrasing without 
essential changes the resolutions adopted by that Con¬ 
gress. The definitions given-in the Act for the ohm 
xiiDipcrB, and volt were as follows; 

^ be un *t °f resistance shall be what is known 

3 _ JL' _ 1 1 . . . t 


Journal I. fj. e; 


CRITTENpEN:'INTERNATIONAL* ELECTRICAL UNITS 

, . , , . * . ' # * * * 

, m °ti* ve force between the poles or electrodes of the 
, cel1 known as Clark’s cell, at a temperature 

of 15 deg. cent., and prepared in the manner 
described in the standard specifications. 

• It will be seen that these definitions do not draw a 
sharp distinction between the basic S.g.s. units and 

those defined in terms of concrete standards. If taken 

literally, ^ the law is inconsistent with regard to the 
relations between the- two sets of units. The exact 
value of the ohmls to be that obtained from the mercury 
column, the absolute unit being mentioned merely 
as a substantial equivalent, while in the case of the 
ampere this condition is reversed. 

Section 2 of the same act provided, 

That it shall be the ‘duty -of* the National 
Academy of Sciences to prescribe and publish as 
soon as possible aftep the' passage of this Act 
such specifications of detail as shall be necessary 
for the practical application of the definitions of 
the ampere and volt hereinbefore g*fven, and such 
specifications shall be tie standard specifications 
herein mentioned. .' 

This section has become*a dead letter, since it was' 
necessary to _ depart from the National Academy 
specifications m order to obtain consistent results and 
obtain international agreement. Except in this 
detai 1 , however, it has been possible to follow the terms 
of the law literally and still to put into effect the inter¬ 
national agreements which hayd been reached. The 
differences between the absolute and the accepted 
international unit of current have been negligible 'and 

?g "L wllich the <> k to ^ 

W 1 oir f° f q r e N? USe ’ 8(3 that *here has been no 
legal obstacle to the adoption of the Wesfon normal 

ftfHI ns n cnKofifuf-A — at. _ /rrt t . v-uxuai 


. as the international ohm, Xchis SS Jf ° b “> Option 
equal to one thousand million units o(TeSf C e“ f “ 3 S " b!t,tute fer the Ctel - 

Irl S ' S ' °f electroma gnetic units; and • The Present Units * 

is represented by the resistance offered to an ThoVoi, , 

unvarying electric current by a column of mercury *use throuuhom° h. “uf ^ aCCepted f $? P ractical 
at the temperature of melting ice, J.4.4521 g. * by the Interna Ha w ' ere established, inprinciple, 
m mass, of a constant cross-sectional area and and <3f Q , , , aa Conference on Electrical Units 

of the length of 106.3 cm. ™ area, and and Standards, held in London in 1908. This con- 

2 The unit of current ghall be what is known c^ncCTnS a ^ e Wn^^ iSti ^ Ct ^ n, S ° faraS definiti °ns are 
as the international ampere, which fs one-tenth of ™ n the absolute units and those which 

the unit of current cf the c. g. s. system" e^trof The used 

Magnetic units, and is the practical equivalent that is j°J the ut V ts ^re called absolute, 

of ihe unvarying current, which, when passed f from the basic units of length, 

through a solution of nitrate of silver in water in following m Th ^ lth reference to these units, the 
accordance with standard specification* # was adopted : 

s,w - - posits • * Tb e Conference agrees that as heretofore the 


siNer at the rate of 0.001118 of a gram per second. 
. , the unit of electromotive force shall be what 
is knownas the international volt, which is the 
electromotive force that, steadily applied to a con¬ 
ductor whose resistance is one international ohm 
will produce a current of an international ampere’ 

and is practically equivalent to ® „f the e lec tr „. 


• , - Liici u as nereroiore the 

Safih^d 6 ? ° f - th ! fundam ental electrical units 
S a lt de “ ° n the eIec tromagnetie system, 
fmeasurement with reference to the centimetre 

and the m ! H ngt S: the gramme as the of mass 
and the second as the unit of time. 

These fundamental units are: 

W h-P * 6 tbe unit of electric resistance which 
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2. * The Ampere, the unit of electric current, 
which has the valuft of one-tenth (0.1) jn terms of 
the centimetre, gramme, and second, 

3. The Volt, the unit of electromotive force which 

has the value of 100,000,000 (10 8 ) in terms of the . 
centimetre, giiamme, and second, * 

4. The Watt, the unit of power which has the. 

value of 10,000,000 in tgrms of the centimetre, the > 
gramme, and the second. • • 

As a system of units representing .the above and 
sufficiently near to them to he adopted for the purpose 
of electrical measurements and as a basis for legislation,* 
the conference • recommended the adoption of the 
international ohm, ampere, volt, and watt, defined as 
follows: 

The International Ohm is the resistance offered 
to an unvarying electric current by a column of 
mercury at the temperature of melting ice, 14.4521 
gramme* in mass, of a constant cross-sectional 
area and of a length of 106.300 centimetres. (The 
procedure'to be followed in setting up mercury 
ohms was prescribed in detail in specifications 
attached to the resolutions.) 

The International Ampere is the unvarying 
electric current which, when passed through a 
solution of nitrate of silver in water, in' accordance 
with the Specification II attached to these Resolu¬ 
tions, deposits silver at the rate of 0.00111800 of 
a gramme per second. 

The International Volt is the electrical pressure 
which, when steadily applied to a conductor the 
"resistance of which *is one. international ohm, will 
*produce*a current of one international ampere. 

Th e ^International Watt is the engrjfy expended* 
per second by an unvarying electric current of one 
international ampere under an electric pressure of 
one international vol if. 

* It is perhaps wor.th noting that the units of mass and 
length included in these'definitions occur in the descrip¬ 
tion of the apparatus by which the units are to be estab¬ 
lished, and are not involved in the real definitions of the 
units themselves, That is, these dimensions could be 
stated in any other mechanical units desired without 
affecting the value of the electrical units; the latter are 
essentially defined in,terms of the properties of mercury 
and of silver without-any reference to systems of 
measurement. They therefore become* independent, 
fundamental units which; joined* with the -centijneter 
and the second, constitute the' basis of a complete 
system from which even mechanical units including*the 
gram might be derived. * 

While these definitions were thus made in form quite 
independent of the absolute- electrical units defined in 
terms of the centimeter, gram, and second, the intention 
of the conference was to make the units adopted repre¬ 
sent very closely the value of the absolute units. In 
fact, one reason advanced for choosing the ampere, 
instead of the volt, as a fundamental unit was the 


* • A* . ' 

• ^ * 

possibility of direct determination .of the absolute 
value of the <ampere by several methods independently. 
*of any assumed value for the ohm or other electrical 
units. : • 

The definition adopted for the ampere carried the 
value to six significant figures although it was recognized 
that the specifications for the voltameter were in¬ 
complete and therefore indefinite. An International, 
Committee" on Electrical Units and Standards was 
created to complete the work of the conference and to 
carry it on until another conference should be convened. 
Among other duties, this committee was to secure 
agreement on precise specifications for the voltameter 
ajid to establish a standard value for the electromotive 
force of the average Weston normal cell consistent with 
the international ohm and the ampere as defined by 
these specifications.. The accomplishment of an im¬ 
portant part of this task was made possible by the 
generous support of four American societies, the 
American Institute of Electrical Engineers, Association 
of Edison Illuminating Companies, Illuminating Engi¬ 
neering Society and National Electric Light Association. 
These societies contributed funds to bring representa¬ 
tives of Great Britain, France, and Germany to America 
.for joint"experiments with the Bureau of Standards 
upon the ^silver voltameter and the standard cell. 
The Technical Committee thus created worked at 
Washington for nearly two months in 1910. It did not 
agree on formal specifications for the voltameter, but 
it did bring t.he experimental results with different 
types of voltameters nearly enough into accord so that 
the value, of 1.0183 at 20 deg. cent, for the Weston 
normal (saturated) cell-was established and accepted 
internationally. •• * - * 

'Values of the Ohm 

, • 

When the Technical Committee met in 1910, it had at 

hand wire standards calibrated in terms of the mercury 

ohms at *the German Physikalisch-Teehnische Reich- 

•sanstalt and the British National Physical Laboratory. 

The two vaJLues for the ohm were found to differ by only 

one part in 100,000, and the mean value was accepted 

by the Technical Committee in the following resolution: 

The committee decides to choose, for the present 
and until there are other mercury ohms prepared, 
as the value of the international ohm, to be recom¬ 
mended to all countries for general use, the mean of 
' the values of the units realized at the Physikalisch- 
Technisehe Reichsanstalt and at the National 
Physical Laboratory. Although the international 
ohm as defined by the London Conference has* 
not yet been strictly realized, the committee 
believes that its value has been attained in two 
laboratories independently with a good degree 
of precision, and that future work, is not likely 
to change it by more than two or three parts 
in 100,000. 

. It will be seen that this acceptance of a mean value 
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to becalledtheIi l tern|tional Ohmwa 3 really.provisionaI. 10.0,000/ determinations of the* absolute value of the 

srcs 1^" 

ot the committee did, however, show that the resistance dlfcTrSrfTon?.?^ 6 T! ““ 

standards of the several natio^ laboratories were 1®^!^“,** i Natronal 

already in fairly good agreemenfc Since the standards ‘disk type the other atihe the L °^ nZ 

were thus reasonably concordant, in general each «r tpS?™? *1 * 5 ffl ?sanstalt* by comparison 

laboratory considered it best to maintain'the continuity tance of a cod ‘ThT tw^riulf 6 C ^ leulat ®J. seIf - induc - 
- rf its own values rather than to make small changes in <in 100 000 This ^ agree within one part 

precise value! 1 “ * ‘ , STMS 

In fact, a mercury ohm deteraiination comnleted a *t llT? stead f ds us f d m the two laboratories could 
the Bureau of Standards a few ye#s later 3 gave a value Exnrraspd te / upo ^ + t ° 8Uch a high degree of accuracy. 

differing from the international ohm accepted in 1910 bv nffL erms of the length of a colfimn of mercury 
25 parte in a million. This SStoS to he a same cross-section ^as the international standard, 

check within the limits-of certainty of the mercury ohm ohm would e h t ®™ linatlon , s * “ dieated that the absolute 

and the values assigned to the Bureau’s wire standards 106.246 Si long^steaf rf ltom* * 

were not changed. Since 1915 no mercury ohm deter- certain rt^wlTf V , 106 300 .It appears 
mmations have been made at the Bureau. The unit the intern a+te t *5** a « solute ohm ^ s smaller than 
has been preserved by sets of wire standards whZ 1* 7 T - aW five parts in 10,00<* 
relative values have been found to be very stable The ohm ran Ci!! l 1 ^ determinations of the absolute 
unit has been maintained on the assumption, that the thP il be , made ™ th the 831116 degree of precision as 
mean stance of a group o, “ 4 

wire standards remains constant. The ten standards ^ m tubes, 

included in the reference group are, however, not always 
the same. Intercomparisons with a considerably 
larger group are made from time to time, and those 
standards which have apparently been most stable are 
chosen for the reference group which is the custodian of 
the unit until the next intercomparison *s made. 

Since 1910, 17 different standards haye’ thus at various 
times been included in the reference group. 

Comparisons of the ohm as maintained in different 
countries have been made only irregularly, but the 
results have indicated that all the national laboratories 
have remained in satisfactory agreement. 4The dif¬ 
ferences found have seldom been greater than two 
parte in 100,000, which- is about the limit of accuracy’ 
obtainable m the establishment of the international 


uemational ampere represents the value 
e Technical Committee of 1910 as an 
esults found with several different types 
Since current is transitory, the average 
bed and*is concretely expressed by the 
;o the Weston normal cell. ‘The inter- 
•ing the potential drop in the accepted 
im with a current flowing which de- 
mg. per sec. in the average voltameter, 
>und that the average cell had a voltage 
iis has since been used as tlTe standard 
d cells used in conjunction with resis- 
ealibrated in international ohms pre- 
ice ampere values as then obtained, 
rs operated by the Bureau of Standards 

than u d ^ ave es tablished<an ampere larger 

an the average by three parts in 100,000. That is, 

5 would pre- probablv V wT 6te ^ d6P ° SitS ° f silver were smaller ’ 
s 3 per cent As a r^ult f USG were more nearly pure silver. 

n the basis of several years* foZwrf* 1 ? Ut OVer a period of 
>ne, however, precision of the vnlte g + ^ Londo1 ^ Cpnfererice, the 
rily produced was maten'Qii • ^ ame i ter as a measuring instrument 
within a few in procedure ^ Si - 6 theSe improvements 

culty can be the^alue of tete ^ the deposits the ^ would increase 
ry to be used posited^ ampere as measared by the silver de¬ 
cross-section different countei Sen - 6S 0f , measur ements made in five 
i. dSt nf ^ ^ 1910 h * ve shown an avesage 

means, how- but the mean'll fh° ne Part m 10 9> ()00 fr °m their mean, 
few parte in 1910 value. Th^/tet^I 0 ,?: 090 different from the 
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would have made th* standard * cell value’ 1.01827 
instead*of 1.0183. « 

As has been remarked above, the ultimate value of the 
international ampere as defined by the silver voltameter 
is as yet indefinite because no precise specification^ for 
the operation of the voltameter have been adopted. 
The- Bureau of Standards has proposed specifications 
which are believed to assure the highest attainable' 
degree of purity in the deposit. In voltameters used 
according to these specifications, the absolute ampere as 
measured by the Bureau’s current balance was found. 

- to'deposit 1.11804 or 11.1805 mg. per sec., of which 
about 0-004 per cent was foreign matter included with 
the silver. Consequently, according to these measure¬ 
ments, if the international ampere were based on pure 
silver deposited, it would be identical with the 
absolute unit within the limits of accuracy of these 
measurements. • ■ ■ 

This allowance for inclusions was not made, however, 
when the accepted value for the standard cell was 
established, in 1910. . Since it has to be added to the 
difference of three parts in 100,000 mentioned above, 
the “international ampere* then set up was smaller 
than the absolute by seven or eight parts in 100,000,' 
according to the measurements made at the Bureau of 
Standards. Taking into account also measurements at 
the British National Physical Laboratory 7 and at the 
University of Groningen, Holland 8 , it has been esti¬ 
mated 1 that the best tfqlue for the international ampere 
of 1910 was 0.99991 absolute ampere, and this conver¬ 
sion factor has been comtnonly used. 

There are several distinctly different methods by 
which the absolute ampere can he found 1 . Since thb 
1908 London Conference, good determinations have 
been made by the tangent galvanometer 8 , the electro- 
dynamometer 9 , and several forms of current balance 710 . 

• It is not possible, in most cases, to compare the results 
exactly because there have been no common standards 
of sufficient accuracy to preserve and express the values* 
obtained by these* experiments. The. differences have 
been a few.parts in 100,000, and it is a question how 
much of these differences is due to the errors in estab¬ 
lishing the absolute ampere and how much to variations 
between the voltameters (or ttys standard cells and 
resistance coils) used .to represent the international 
ampere. Certainly it is possible to* establish the 
absolute, value within two'or three parts, in 100,000 
with a single instrument like the current balance.. If 
several laboratories were to set up different types of 
absolute instruments and systematically compare the 
results, it should be possible to establish and maintain 
the ampere to one part in 100,000. 

Values of the Volt and Other Units 

Although the ampere is the second fundamental unit 
adopted, the unit actually maintained for practical 
measurements is the volt, as represented in the standard 
. cell. Since 1910 the Bureau of Standards has main¬ 



tained this ignit by groups of reference,cells in a maim 
closely analogous to that described above for the ohm. 
With a few substitutions of stable eells for some which 
showed a relative decrease in electromotive force, it is 
believed that these reference groups of selected cells 
have remained substantially constant for many years, 
some of them since ^.906. A few new cells have been 
made Recently, and these have agreed with the older; 
groups within one part in 1001000. Results of com 
parisons with other laboratories in this country and 
abroad have also generally supported the belief that tlSe 
Bureau’s cells have maintained their values. During 
the last year, however, differences of several parts in 
100,000 have arisen between the Bureau’s measure 
ments and those ofHhe.National Physical Laboratory, 
andno complete explanation for them has yet been found. 

The absolute value of the international volt and of 
other international units is, of course, dependent on 
that of the ohm and of the ampere. On the basis of 
the estimates given above for the two fundamental 
units as established in 1910, the various international 
units have the following values 1 : 


1 international ohm 


= 1.00052 absolute ohm 


1 international ampere = 0.99991 absolute ampere 


1 international volt 
1 international watt 
1 international joule 


= 1.00043 absolute volt 
= 1.00034 absolute watt 
= 1.00034 absolute joule 


1 international coulomb = 0.99991 absolute coulomb 


1 international farad 
1 international henry 
1 international gilbert 


= 0.99948 absolute farad 
= 1.00052 absolute henry 
= 0.99991 absolute gilbert 


1 international maxwell ?= 1.00043 absolute maxwell 
** ' * 

Future. Units and Standards 

There are few applications in which a change of qne 
twentieth of one per cent (the maximum discrepancy 
existing between the two sets of units) would now be of 
any practical importance. The demands of industry 
for precise measurements have grown with surprising 
speed,.however, and if the discrepancy is ever to be 
removed, it would he well to perform the operation 
before the change does become significant in industry. 
For those laboratories which carry on work of high 
precision, the* changes "involved in going over to the 
absolute units would undoubtedly be troublesome for a 
time, particularly because so much apparatus is pre 
cisely adjusted to* values in the international units. 
The easier course at present would be to retain the old 
units, making such minor adjustments as may be found 
necessary for better international agreement, and to. 
establish accurately the necessary conversion factors 
for those who must transfer from electromagnetic 
quantities to electrostatic and to heat' or other mechani 
cal units. When one considers, however, that this 
probably means laying up trouble in increasing amounts 
for decades to come in order to avoid some temporary 
inconvenience, it would appear that the logical course 
is to adopt the absolute units in the near future rather 
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, the inter- a cheek on the international units as could be got by the 
ta'vBts in of the mercury column and«fche voltameter. Since 


.*dopted for ,it has not teen practicable to take up work on both 

!i be ttj-* ^ ave m ore types of standards, attention has been given first to the 
development of apparatus for establishing the funda- 
' ,f " Of these units, the chip has been given 


o give these units and to 
ritttnathms agreed satis- 
? been mentioned above, 
in «he several national 

l«#l results with a cer* 


mental units. 

priority because the Bureau has never made any 
determinations of its value, and very few accurate 
determinations have .ever* been made. Two inde- 


w ■■ ■ - 

f-m and silver pendent schemes for accomplishing this purpose are 

. t_ 1. •_ r .4-^4-:^ -:_ 3 _j__ _ 
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convenient custodians 
Thi- will be true even 
should be continued in 


being developed. Both will use stationary inductance 
(mils designed for calculation of the inductance from 
dimensions. One method, devised some years ago by 
Dr. Frank Wenner, will use mutual inductances so 
arranged that the electromotive force induced in the 
secondaries can be balanced against the potential drop 
in a resistance of which the value is to be determined. 
The other procedure is planned to make use of the 
experience of the Inductante Laboratory unjler the 
charge of Dr. H. L. Curtis. It will consist .essentially 
of the comparison, by a-c. bridge methods, of a self¬ 
inductance of calculated value with the resistance to be 
measured In each project^ it is desired to carry the 
results to an accuracy approaching one part in-100,000, 
and this requires a theoretical and experimental study 
of many details which are neglected in ordinary mea¬ 
surements. Fair progress is being made, but it is 
impossible to predict when final results will be obtained. 

For absolute measurements of current, the balance 
used by Dr. E. B. Rosa 10 and his associates has been 
reassembled and is being studied for possible improve¬ 
ments. It is hoped that this* will soon gi'fe results 
which, in conjunction with the wire ehm standards, will 
sfrve to check the Bureau’s standard cell values. 

Whatever pnmary standards are used,‘the cells 
always serve as one of the essential secondary standards, 
it « 'obvious that ■ 1 i Studies „ Gf their behavior- are being made. This 

■ . v - r r> ental*studip<! ork, a . swe11 as the maintenance of the reference group • 

. of cells, is under the direction of-Mr.G. W. Vinai. 


W 

: : aid*the concreteness 
- international 

, but in those countries 
•W» should be no serious 
r .r.ition of units 
arter, gram, and second, 

; l y the national 
with the International 
-asures. Other countries 
f simI provide for obtain- 
tMlgh. the Inteaiational 

ver heretofore dealt 
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inaugurating a series 
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made in different 


>W H 


1 f '-~ . .r development of 

- * rt by the .units are 
i ",i', of course, is pri- 
'* standardizing lab- 
; - h laboratories in 
proBlems of more 
-fulness, or their 
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' . Conclusion . 

This summary of the present situation in regard to the 
electrical units and standards has been offered because 
e ureau of Standards has a large responsibility for 
meir maintenance and improvement-which in recent 
has aot been able to meet to ‘its own satisfaction. 
^ and of wwk necessary to give the accuracy de- 

a^Vl f & baS1C sfeodards 0311 not be done hastily, 

alltir U /T r ! SeVefal years of work on the part of 

_ ^ 1 | boratoriesto P^de a good technical 

of secondary on the if . na + decision on the type of standards and 
■ -irableto check Detailed If adopted for international use. 

. ' voltameter will be ™wn^° f Se 7 ml mvesti gations mentioned 

, . , ’ ; ; nevertheless, 0 f these * 7^1 beC ° me available - In the light 
•~m.vr.tal units is Intematinn l ? l0se °* s “” lar work abroad, the 
, carried will We ff Co f miktee °n Weights and Measures 

~ as accurate desLed th ? S * ^ the mea ntime, it is 

d that those whose interests will be affected by 
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this decjsion study the sitnatioiUand make known their 

views as to the course ^diich should be chosen/ 

Bibliography 4 

1. “Electric Units and Standards” Bur. of Stds., Circular 60. 

2. “International System of Electric and Magnetic Units,” 

J. H. Dellinger, But. Bur. of Stds., 13, p. 599, 1916, (Sci. Paper 
292). ' 

3. “Construction of Primary Mercurial Resistance StancL 
ards,” Wolff, Shoemaker and Briggs, Bui. Bur. of % Stds., 12, 
p. 375,1915, (Sci. Paper 256). 

4. “Absolute Measurements of a Resis^mce by a Method 
Based on That of Lorenz,” F. E. Smith, Proc. Royal Soc. London^ 
89, p. 525, 1914, Phil Trans. (A), 214, p. 27, 1914. 

5. “Eine neue Bestimmung der absoluten elektrischen 


ELECTRICAL TRANSPORTATION 


775 


Whdbrstandseinheit,” E. Gruneisen and E. Giebe, Ann. <L 
Physik, 63, p. 179,1920. * * 

6. “The Silver Voltameter as an International Standard for # 
■ the Measurement of Electric Current,” E. B. Rosa and G^. W* 

Vinal, Proc. Nat. Acad. Sci., 3, p. 59,1917. : • 

7. “Current Balance and Silver Voltameter Experiments,” 
F. E. Smith, Nat. Phys. Lab. Report for 1910, p. 31. * 

8. “The Electromotive Force of the Weston Normal Cell ? ” 
H. Haga and J. Boerema, Konink, Akad . Wetensch. Amsterdam 
Proc., 13, p. 587, 1910, 0irch. Neerland, Sci. 3A, 3, p. 324, 1913 # 

• 9. “A Determination^ of the Electromotive Force of the 
Weston Normal Cell in Semi-absolute Volts,” A. N. Shaw and 

. H. L. Callendar, Phil. Trans. Royal Soc., 214, p. 147, 1914. 

10. “A Determination of the International Ampere in Absolute 
Measure,” Rojia, Dorsey, and‘Miller, Bui. Bur. of Stds., 8, * 
p. 269,1911, (Sci. Paper 171). 


Electrical Transportation 

Annual. Report of Committee on Transportation* 


To the Board of Directors: 

During the* past year «thg application of electrical 
means to the various branches of transportation con¬ 
tinued at an accelerated pace. The major division of 
the transportation industry, namely, steam railroads, 
added to its electrified lines and, although the mileage 
electrified is Still a small percentage of the total, it is 
steadily increasing and is rapidly becoming an im¬ 
portant factor in railroad operation. Into the field of 
city and suburban railways, improvements are con¬ 
stantly being introduced. On the water, electric 
drives ar§ being adopted more and more, with either 
steam turbines or oil engines- as prime movers. Bus 
transportation is ‘adopting, -extensively,, gas-electric 
propulsion. The oil-electrie locomotive and the gas- 
electric motor rail car are being introduced in certain 
phases of railroad operation. 

Steam Railroad Electrification 

The ye^r 1926-has seen the completion of two major ^ 
electrification projects, that of‘the suburban lines of the * 
Illinois Central Railroad out of Chicago and the line of 
the Virginian Railway between Mullens, West Virginia, 
and Roanoke, Virginia. The Detroit & Irojiton 
Railroad completed 17 mi. of electrification between 
Fordson and FlaFRock, Michigan. 

The New York ‘Central opened a new electrified 
section between High Bridge and Yonkers, New York. 

Of the principal uncompleted projects,, the ^Great 
Northern Railway is electrifying 80 continuous mi, of 
its line between Wenatchee and Skykomish, Washing¬ 
ton. The Pennsylvania Railroad is extending electric 
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suburban operation on its main line between Phila¬ 
delphia and Wilmington, and also from Philadelphia to 
West Chester. The New York, Westchester & Boston 
Railway is continuing its extension of electrified line 
between Larchmont and Port Chester, New York. 
The Long Island Railroad is installing freight electrifica¬ 
tion on it£ Bay Ridge division. 

Illinois Central Railroad. The first step in the elec¬ 
trification of the Illinois Central out of Chicago was 
completed during July of last year when the suburban 
service was placed in electric operation over 28 mi. 
of the main line and 8.9 mi. on two branch lines. The 
ordinance under which this project was carried out 
calls for electrification of freight service within the city 
limits by 1935 and electrification of through-passenger 
service on both the Illinois Central and Michigan 
Central by 1940; provided a certain portion of ‘tj^e 
tenant roads then using the passenger station on East 
Roosevelt Boulevard are electrically operated at the 
time. 

' The 1500-volt, d-c. system with overhead contact 
wire was chosen since there is no immediate prospect 
for extension over main line divisions. 

Power supply is secured at the railroad's right-of-way 
from substations ownecf and operated by outside power 
companies. The conversion.from 60-cycle power to 
1500-volt direct current is accomplished by means of 
synchronous converters and mercury arc rectifiers. 
One of the reasons for purchasing power rather than 
building a generating plant was the fact that the power 
companies can supply power from several plants over^ 
various routes and thus aid in securing continuity of 
service. 

The distribution system of the railroad is so laid out 
that the wires over each track are separate electrically 
and can be sectionalized at substations and inter¬ 
locking plants by automatic high-speed circuit breakers. 
Normally, the wires are tied together over all tracks. 
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i§^ders are required external to the catenary 
«systenn Trolley feeder switches in all substations "and 
ie stations are operated from the railroad^ company’s 
power.supervisor’s office by supervisory control. The 
power supervisor , has electrical indication from each 
substation and tie station and, in case of trouble, he 
can cooperate with the train dispatcher who 
a joint office. 

. The catenary system, which (provides the entire 
current- 


main transformer stations reorder to connect the feeder 
$$haait to the trolley arid rail.* „ 

The catenary system is completely non-ferrous with a 
copper and'bronze composite messenger and a, bronze 
contact wire.® Inclined catenary is used in general, 
but on account of the great number and high degree 
occupies of curves, pull-offs have also been employed. 

„The 12 road locomotives are each built in three units 
which are electrically identical. They receive power 
•carrying capacity, has as average conductivity c from the single-phase trolley through a transformer and 
over each track of about 790,000 cir. mils, copper equi¬ 
valent. This figure takes into consideration average 
wear on the contact wire. r "’ ’ 

completely non-ferrous, with a double contact 
Chord construction is used on curves with the aid of 
shortened pole spacing, 
final standard 


phase converter, and are driven by three-phase traction 
motors at running speeds of 14 and 2% mi. per hr. Each 
The catenary system is complete .locomotive weighs 637 tons. 

— -: wire. Detroit & Ironton Railway. During 1926, the 

Detroit and Ironton Railway started electric operation 
on 17 mi. of line from Fordson to Flat Rock, Michigan. 

Power is supplied at 44,000 volts, 25-cycle, single¬ 
phase, between feeder and contact wire, with 22,000 
volts between contact wire»and ground. 

The catenary system is *non-ferrous, pomposed of. 

4/0 bronze contact wire and a 34-i n -> seven-stand bronze 
messenger wire. The supports for the" catenary are 
unique in that they are'pre-cast reinforced concrete 
arches bolted together and ^placed on-concrete founda¬ 
tions. Inclined catenary is used on curves. • A J^-in. 
stranded copper feeder, together -with auto-trans- 
formers, is used to secure three-wire feed. . 

The locomotives, two in number, are of the motor- 
generator type. In these locomotives, alternating 
current is stepped down to 1240 volts to drive a syn¬ 
chronous motor which, in turn-, drives a 600-volt d-c. 
generator. Eight traction motors, of the d-c. type, 
rated at 225 h. p., are mounted on each power unit 
which is articulated into two wheel bases of four axles 
each. The ^complete locomotive consists pf the two 
power units. It has 32 driving wheels on which the 
total weight of 372 tons is carried. 

. Great Northern Railway. The line of the Great 
Northern Railway between Wenatchee and Skykomish, 
f Washington, involving about 80 mi." of r<wte, is be¬ 
ing electrified with 11,000-volt, single-phase, alter¬ 
nating current. Twenty-six miles of the old line 
(from Cascade to Skykomish) is now in operation. 

A new tunnel 7% mi. long is being constructed to im- 

' , [ JH 

which Was electrified in 1909 with 6600 volts, three- 

phase. • 

• 

Two motor-generator type locomotives with two cabs 
One part of the each have been placed in service, which convert the 
25-cyqle power into 600-volt direct current to operate 
These two locomotives have a 
continuous rating of 3660 h. p. at 15 JA mi. per hr. with 
a tractive force of 88,500 lb. 

Two single cab motor-generator type locomotives 
are now being built. They will convert the 25-cycle 
power to 1500-volt direct current to operate the mqtors 
with two motors in series. These locomotives will 


The rail bond, adopted as a 
is a U-type gas-weRl bond consisting of 
two No. 1 A. w. g. flexible conductors. 

The 260 multiple-unit cars for this service are built 
in two-car units. Two pantographs and four 250-h. p. 
nominal-rating, self-ventilated, series railway motors 
are located on each motor car to which a trailer car is 
semi-permanently attached. Normally, only one pan¬ 
tograph on each motor car is in operation. Each 
pantograph exerts a pressure of about 20 lb. against 
the contact wires." Automatic couplers couplg the cars 
together mechanically, electrically and pneumatically 
with full automatic operation between the two-icar 
units. ■ -Aaa 

Virginian Railway . Heavy electric freight operation 
over the entire electrified zone of the Virginian Railway 
started in September, 1926. The electrification is 
now complete from Mullens, West Virginia, to Roanoke, 

Virginia, a route of 133 mi. . . 

An. 11,000-volt, 25-cycle, single-phase, a-c. system is 
installed. The problem of taking a heavy tonnage 
train down a long grade was a large factor in deciding 
upon the a-c. system in order to use split-phase locomo¬ 
tives for regenerative braking. 

• The power plant, owned and operated by .the railway, 
contains four 12,500-kv-a., 25-cycle, single-phase turbo 
generators and five water tube boilers each rated at* 

1521 b. h. p. Pulverized fuel is used and has been 
found to be peculiarly well adapted to the rapidly 
fluctuating power load. 

Electric power is transmittecffrom the plant at 88,000 P^ ov f route and to replace the old Cascade tunnel 
volts over twin transmission lines. There are seven 
transformer substations along the right-of-way. They 
eontain„three-coil transformers in which the low-voltage 
winding is divided into two parts, 
winding supplies 11,000 volts between the trolley and 

.rail, while the other part supplies 22,000 volts between $e traction motors, 
a feeder and the rail. This gives a potential between 
trolley and feeder of 33,000 volts. Transformer wind¬ 
ings are so constructed that reconnection for 22; 000 
volts from trolley to ground can he made when traffic 
demands require this to be done. Balancer stations 
containing auto-transformers are located between the 
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have a continuous ratirfg 3000 h. p. at 18.6 mi. peril*, 
with a tractive force of 60,f>t)0 lb.* * 

Pennsylvania RailroadI The Pennsylvania Railroad 
has undgr way the electrification of its main line for 
suburban service between Philadelphia and Wilmington, 
a distance of 27 mi.. After Jdiis is completed, the 
suburban line between Philadelphia and West Chester 
will also be electrified. The design is laid out with cfue 
regard to the possibility of future extensions. 

Electric power will be purchased, stepped up and 
transmitted along the right-of-way at 132,00t> volts, 
25-cycle, single-pha&e, 66,000 volts t<? ground, over 
duplicate transmission lines to the transformer sub-, 
stations where it will.be converted to 11,000 volts for 
the trolleys. 

The catenary system will be completely non-ferrous. 



high-speed motors, entirely spring-supported** .drive 
the aides through worm gears and a differential. Light 
weight and absence of noise are the outstanding ch 
teristics of this car. 

m 

Marine Propulsion 

"'"M* vf -a--- fy 

Diesel-electric drive has been introduced, on large 
tankers, suction and dipper dredges, ferries and tug¬ 
boats. Double-end operation has been successfully 
introduced on tug-boats as well as on ferries. 

*Turbo-electric drive lias been used on ferries in ad¬ 
dition to its past application to large boats. 

Bus Transportation - • 

Simplicity, fcase of control and durability are among 
the advantages which are causing the rapid introduction 
of*gas-electric drive on buses. 


A bronze messenger wire with copper auxiliary wire and 
a single bronze contact wire will be used. The inclined 
type of catenary is'to‘ be" installed on curves. The 
catenary supports are principally back guyed tubular 
poles wifh c&ss-span catenary to support the main 
catenary. \ 

Multiple-qnit cars of the Hype in the existing suburban 
electrification to Raoli and Chestnut Hill will be used. 

New York, Westchester Si Boston Railway. The 
New York, Westchester and Boston Railway has built 
an extension of its line to Harrison, New York, and will 
continue on to’Pprt Chester. Much of this extension 
adjoins the trackage of the New York, New Haven and 
Hartford Railroad. Multiple-unit suburban service is 
operated with an 11,000-volt, single-phase system. 

Long Island Railroad. The Long Island Railroad is 
electrifyingdts freight line*to Bay Ridge for 11,000 volts, 
single-phase, with overhead catenary construction; 
This involves about 100 mi. of trackage. Sewen 150-ton * 
locomotives * for operation on this lin£ have been 
delivered.* 

The extension of the third rail d-c, electrification 
over the West Hempstead passenger branch was 
completed last Octob’er. . * 

New Yofk Central Railroad. During 1926, the 
New York Central opened electric operation for multi¬ 
ple-unit service on the Putnam division, extending 
from Sedgwick Avenue Station, New York City, .to 
Yonkers, New York, a distance of seven mi. 

City and Suburban Railways 

New car equipment beifig placed in service on electric 
railways is now confined, in most cases, to the light¬ 
weight type of car, in order to secure "reduced operating 
costs. 

• ' • 

Articulated train units are now in operation in. 
street-car and subway service. Three-car articulated 
units for heavy subway and elevated service have been 
installed by the Brooklyn-Manhattan Transit Corpora¬ 
tion. These units consist of three-car-bodies mounted 
on four trucks. 

The most radical development is a car on which 


Recent Developments 

Diesel Electric Locomotive. The Diesel engine prime 
mover with electric drive is finding an increasing field 
in moderate sized locomotives up to 1000 h. p., on 
account of its high efficiency, ease and flexibility of 
operation and the absence of stand-by losses. 

Gas-Electric Cars. Many of the gasoline-propelled 
rail cars now being placed in operation are equipped 
with electric drive. 

Automatic Substations and Supervisory Control. The 
automatic*£libstation is now finding its way into the 
electric railway field. The New York Central Railroad 
is installing three such substations to supply additional 
power for its New York Terminal electrification. 

Supervisory control has been introduced by several of 

the recently completed railway electrifications, notably 

the suburban electrification of the Illinois Central, out 

of Chicago. •• * • 

* . • -» 

High-Speed D. C. Circuit Breaker. The high-speed 

d. c. circuit breaker, on account of the fact that it is 
opened by the rate of increase of the current rather thaij. 
by the current value,- has two distinct advantages in 
railroad electrification. First, the breaker will open 
before the current has reached a damaging value in 
Sny abnormal condition, such as motor flashovers, severe 
wheel slipinf, or slight grounds. Second, the rapid rate 
of rise of current in a shortcircuitofanyvaluemakesthe 
breaker more susceptible to short circuits than to heavy 
power loads and- thus affis in securing selectivity be¬ 
tween these two conditions. 

Mercury Arc Rectifiers. The installation of merpury 
arc rectifiers for the Illinois Central is one of t^e first 
instances in which these rectifiers have been used in this 
country for a steam railroad electrification. 

Motor-Generator Locomotives. Motor-generator loco¬ 
motives are being placed in service by the Detroit and 
Ironton, Great Northern, and New York, New Haven & 
Hartford Railroads. This type of locomotive can be 
built to give regenerative braking down to a very low 
speed. Speed control is flexible and the a-c. synchro¬ 
nous motor operates at a high power factor while the 
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only “cold light” transmitted. 

There is no mystery about this: “cold light” is just 
plain visible light by itself ,'without any admixture of 
unnecessary and undesirable heat. rays. The mystery 
only exists in the question of how to produce it artifi¬ 
cially in an economical way, and of sufficient intensity 
to be commercially useful .—General Electric Review. 
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• • • # * 

* Annual .Report of Committee on Protective Devices* 


To the Board of Directors: • 

This committee in its report last year gave a rather 
complete survey $>f the present state of the art in ihe 
field of protective devices for power systems. As 
many of the principal features of that report still ^ 
describe the present practise in these various lines, the 
committee will repgrt at this time mojre especially its 
activities during the past year. 

The principal work of the committee this 'year has* 
been, first, in the arranging for and the actual prepara r 
tion of papers for presentation at meetings of the 
Institute, of which about 15 have been presented as 
listed in the reports bf the subcommittees following, and 
second, in the work of standardization in connection 
with which during the yeaft* there were issued two 
reports qp. st^pdards, one idt lightning arresters and one 

for automatic stations. 

. • 

The work of* the committee has been carried on by 
subcommittees, each under the direction of its own 
chairman, and after the first*>rganization meeting of the 
main committee, held at Chicago in October, the 
further meetings have been held by the subcommittees . 
individually. -The subjects covered and the chairmen 
in charge of the subcommittees are as follows: 

Automatic Stations, W. H. Millan, Union Electric 
Light & Power Co., St. Louis, Mo. 

Current Limiting Reactors, E. A. Hester, Duquesne 
Light Co., Pittsburgh, Pa. . . 

Lightning Arresters, J. A. Johnson, Niagara Falls 
Power Co., Niagara Falls., N. Y- 
Oil Circqjt Breakers, J. M. Oliver, Alabama Power 
Co., Birmingham, Ala. ( 

Protective Relays, H. P. Sleeper, Public Service 
Electric & Gas Co., Newark, N. J. ’ . , 

Reports of the individual subcommittees follow. 

Subcommittee on Automatic Stations 

Four papers have* been arranged for by this subcom¬ 
mittee during the year: 

Carrier-Current Selector Supervisory Equipment,. by 
C. E. Stewart and C. F. Whitney. 

Testing, Inspection and Maintenance of Automatic 
Stations, by Chester Liehtenberg. 

Automatic Substations, by D. W. EllysoTi. 

' • 0 • 

*Committee on Protective Devices: . * 

F. L. Hunt, Chairman 

H. R. Summerhayes, Vice-Chairman * * 

E. A. Hester, Secretary • 

Raymond*Bailey, H. C. Louis, J. M. Oliver, 

W. S. Edsall, W. B. Kirke, E. J. Rutan, 

H. Halperin, K. B. McEachron, H. P. Sleeper, 

F. C. Hanker, W. H. Millan, E. C. Stone, 

J. Allen Johnson, L. J. Moore, A. H. Sweetnam, 

M. Gr. Lloyd, A. Royal Wood. 

Presented at the Summer Convention of the A. I. E. E., 
Detroit , Mich., June 20-2 Ji, 1927. 
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Development of Automatic Switching Equipments’ in 
United States and Europe, by A. H. de Goede. 

. In the matter of standardization, this subcommittee' 
has prepared and circulated Report No. 26 on Standards 
for Automatic Stations. Criticism of this report is, 
iitvited and it is hoped that many engineers to whom the 
report will be sent will respond with such suggestions 
as will permit adjustment of the substance of the 
report into a final .set of standards. * . 

In the matter of research work it has been suggested 
tljat the application of automatic control has a direct 
influence on the degree of service actually rendered, 
and that a study should be made of the subject, with a 
view to determining.to what extent, if any, automatic 
control of station equipment has improved service. 

Subcommittee on Current Limiting Reactors 

Since there has been no marked progress in design, 
and since no very unusual installations have been called 
to the attention of the subcommittee, the subject of 
development will be passed with just a word. The fact 
that practically all juew reactors now being installed 
are of the insulated conductor type shows that it is to be 
preferred, over the older type with bare conductors. 
The superiority of insulated conductors has also been 
rather definitely proven by exhaustive tests. There 
seems to be some hesitancy on the part of operating 
engineers to go to the use of reactors of a higher voltage 
than 33,000 volts, although there are some successful 
installations of ‘higher .voltages, and manufacturers 
express their confidence in being able £o produce satis¬ 
factory high-voltage equipment. 

In last year’s report, certain recommendations were 
made covering subjects to be studied this year. These 
were for the most’part problems which have been 
considered by previous subcommittees and to which no 
Solution has yet been discovered. Chief among these 
is the question of the value of resistance shunted 
reactors. It was hoped that the extended use of the 
klydonograph and' Dufour oscillograph would shed some 
light on this much mooted question, but nothing 
conclusive has been obtained. 

Another suggestion was that* some work be done in- 
an effort to reduce the variety of reactors with respect 
to voltage, current, and reactance values. T*ie idea 
was that they might be standardized, with respect to 
their various characteristics, in steps in much the same 
way as has been done on oil circuit breakers. This was ‘ 
discussed at one of the Main Committee meetings and a 
decision handed down that this problem properly 
belongs to the N. E. L. A. rather than to the A. I. E. E. 

Further study of possible standardization for reactors 
is now under way. 


• • 
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» Subcommittee on Lightning Arrestees to gain some idea of the steepness of the front from tb 
* March 24,1927 • appearahce of the positive figure 

Pa*pm and Research. Last year's report described in • Tke siz , e * and appearance of the negative figures ai 

€* 4 ttt 4 #kralble detail two new tools which have* become consi derably ^affected by changes in wave front, til 
avaitabte for the study of lightning and other transient 1 stee P est waves always ^ving the largest figures, Th 
electric phenomena; namely, the klydonograph and the PSS c entage change, with a constant cr^st voltage applies 
Dufour cathode ray oscillograph. That report also ^greatest for the lower voltages. The change seems t 
•**4 t h ree 1 terns of f ur t her w5rk to be done; namely: % £ r f a ^ enou ?h s ° that it cannot be neglected. Th 

1* Standardization jof technique for using lightning negativg figures change iif appearance with increasinj 

Stfwrstt ors for testing lightning arresters, steepness of wave front, but the changes are so indefiniti 

• 2. Determination of voltage time characteristics of that it is only possible to state that a particular negative 
h'^rj mng arresters including rate of discharge, and the * P rG h a hly represents a fast wave or a slow wave, 
tf ieteetrie spark lag* " - P a P er hy Lee and Foust contains field kly- 

th Statistical data of operating experience on high- Monograph records showing surge voltages on a trans- 
vohavelines. %* mission line as high as 1500 to 2100 lev. In one case 

k * T i _ this was a highly damped oscillatory "surge predomi- 

II,..ring tie past year, substantial progress has been nan tlv nesrativo* in oww i 

-itamr thp<& lirtAe k^ the J a * y negative, m another case it was a unidirectional 

3 ; ‘ v i by the USe ° f the two devices surge with positive polarity. * * * 

****** mentioned This progress is recorded in the PracficalJv all a .... 

f in* papers presented before the Institute during were of S t^fnlT T * f S? on 1,nes 
?Pv year: Were °* ™ e ^ c * ass (P a Per by McEp,chron) and 

lI 77\ T e 7 
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Mr. Cox's paper concludes as follows with respect to 
lightning: # • * * 

"1. Positive lightning strokes are frequent* but weak. 
They are slow, of the order of 0.01 sec., and hence do 
not induce surges on transmissipn lines. 

“2. Positive strokes, even though slow, may produce 
surges of importance on isolated low-voltage line§, 
such as communication lines. 

“3. Negative lightning stfokeg, are less frequent but * 
more violent. They discharge in about three micro¬ 
seconds and hence produce high-voltage surges on trans¬ 
mission lines. - • 

“4. The field gradient is often as high as 60 kv. per ft. 
and may reach 100 kv. per ft. Thus a surge of over 
2000 kv. might be induced upon a line of ordinary height 
with sufficiently high insulation. Eighteen hundred 
kv. has been recorded by the klydonograph. 

“5. The time lag of an * ir^ulator flashover is less 
than the time of discharge o£a negative stroke and thus 
the impulse .flashover voltage of. the insulators limits 
the possible potential. , 

“6. The stroke of lightning itself is unidirectional. If 
an oscillatory surge due to lightning is recorded, it is a 
line oscillation resulting from%, flashover.” 

The paper by Cox, McAuley and Huggins contains 
the following conclusions with respect to lightning: 

“1. Surge voltage due to lightning is unidirectional. 
The clouds which produce surges are of negative 
polarity, resulting in positive induced voltages and neg¬ 
ative direct-stroke voltages. 

“2. The maximum values, reached by lightning surges 
on transmission lines, are limited by the flashover of 
the insulators.. It is believed that the flashover voltage 
ofj220-kv. transmission line insulation, at the steepnesses * 
of wave front of lightning surges, is comp*arable to the 
maximum* potentials ordinarily induced by lightning. 

"3. The flashover voltage of the average insulation of 
lines up to 140 kv. is about seven times normal for * 
lightning impulses. * * 

“4. Seldoffi more, and often* less than two surges, 
comparable in magnitude to the insulator flashover 
voltage, appear at a given point of a line during a storm. 

; “5. The frequency of occurrence of the higher surges 

does not seem to be greater for low-voltage than for 
high-voltage lines. • 

“6. High-voltage surges are damped below the corona 
voltage in traversing a few miles of line. At low magni¬ 
tudes they may travel long distances.. . 

‘ ‘7. The quantitative measurements with the klydono¬ 
graph agree with the theories regarding induced Volt¬ 
ages and the protection against these afforded by the * 
ground wire. 

* * . * * * * * * * * «Jt * 

“13. Except for lightning surges and arcing grounds, 
no high-voltage disturbances of particular importance 
to the operating engineer appear on transmission lines. 


“18. In the investigations of the performance of light- * 
ning arresters in actual service,, it was found that 
,arresters in general give satisfactory operation, that, is, 
they relieve all surge voltages above the standard test 
voltages for equipment insulation! Discharge currents 
up to 2500 amperes occur in practise. From these 
tests it is concluded that the field performances of 
arresters confirm predictions based on laboratory tests.. 

•“19. Lightning arresters do not protect a line against ■ 
flashovers at distant points.” 

It is desired to call particular attention to Fig. 12 of 
the paper by Lee and Foust which shows results of 
klydonograph*calibrations reported by Messrs. Cox and 
Legg, Mr. McEachron, and Messrs. Lee and Foust. 
“These results shqjv remarkable agreement for the 
work of the different observers in different laboratories, 
with different instruments and circuits, and give added 
weight and certainty to the calibrations of the Lichten- 
berg figures in regard to magnitude of voltage.” 

As for the determination of wave shape from Lich- 
tenberg figures, the following excerpt from the paper by 
Messrs. Lee and Foust is significant: 

“At the present time, the determination of wave 
shape from the Lichtenberg figure characteristics is not 
as definite or as certain as the determination of the 
magnitude Jrom the figure size, and herein there is 
room for. added study. Further study along these 
lines tending toward greater exactness in the interpre¬ 
tation of figure characteristics is desirable.” 

•From the foregoing results of the researches of the 
several investigators, the following significant summary 
of present Jcnowledge may be made: 

1. Lightning strokes arc unidirectional. 

2 . Positively charged clouds discharge in about one 

one-hundredth of a sec*; negatively charged, in about 
three microsec. . 

3. Surge voltages due to lightning are usually uni* 
directional. The clouds which produce surges are of 
negative pPlarity, resulting in positive induced voltages 
lyid negative direct-stroke voltages. Oscillatory surges 
are the result of flashovers and are highly damped. 

4. The wave front steepness, or time required for a 

lightning surge to reach its crest, lies within the broad 
range between about one <jne-hundredth of a second and 
one microsec. The steepest waves probably reach their 
crest in a time of the same ordbr as that required for 
the discharge of a negatively charged cloud, namely, 
about threemicrosec* * 

5. The maximum potential of lightning surges agrees 

with theory and laboratory tests and is limited by the 
flashover value of the line insulators. ■ 

6 . Lightning arrester performance in service confirms 
laboratory tests. 

With the foregoing facts reasonably well established, 
it would appear that the establishment of standards 
for lightning arresters and lightning arrester test 
apparatus and procedure may now be undertaken upon 
a rational scientific basis. 


• Standards: ) The progress which has been made 

. ™ ng the past *year. is bringing nearer the time when 
rational standards for lightning arresters can be for¬ 
mulated. Since the lightning arrester is a device for" 

arrester V ° Itages ’ the sta ndardi Z ation of 

arrester characteristics and testing devices and pro- 

cedure upon a rational basis demands the adoption of 

*a TZTa T mdm P ° tential 0r Ughtnmg ™rge Such 
”?&'***"** should’resemHe * 

as nearly as laboratory limitations will permit the most 

fetractoe surges which natural iightn^p^t 


r “ r Journal I. E. E. 

quently give farmorecomprehensiveinformationregard- 

lgg the performance of lightning arresters than ever was 
or_ever could be possible from the use of sphere-gaps 
. L% 13 h °Ped that the standards now under preparation 
m connection with which a considerable amount of 
research is also under way, may be sufficiently advanced 
fpr presentation sometime within the next few months* 

Subcommittee on $il Circuit Breakers 
There was presented at the Winter Convention a 
paper entitled Tests on High- and Low-Voltage Oil 

M 


— - —lO OiUmCieiiL to J 

at this time of a tentative standard Therefore'in 7b p 
farmoiafon of stondmds for lightning *t e 

ich work the subcommittee is now actively engaged 

Llrr to <StaMsh a st “ dard %hMn g Se 

' ^ ba - which 


these capacities are. This is .the most important 
problem m the matter 5f oil circuit breaker design 

Severn?'othT? additionaf resear ^ work of this e£ 

cSf teste , T Pa T f e arrangin &fo* similar oil 
tests ' and most of .these tests" are being con- 

S=£sS=£ saa 

... * Arrangements have a! 


microsec.” ---<=> — 

P posed to fix the maximum value of the stanr-WH 
lightning surge at 100 kv. in order to bteif+l * ? 

theneee^toora^c” TZ ‘ he S1Ze f 

resultfromthe? ^ ac f Ierated Progress which will 
XZS&STS&l * *“*«» 1—lent is 


-— *Mj.uauiC Udilct. 

ArrangOTents have also been made for and work is 
nor progressing on the preparation of-a joint naner 

toSTuoto dS Cfi 7 0/ °f- ° irmil Brmit,s ’ which 

in -f / t ‘ ,, ,nformat “ : ’n presented some years ago 

Hewlett and Mahoney 0 ” 6 B ™ h ”h 

snfflciemTisffleSoTrSoito '^ “ reco/meZed 6 '' 0t . Standar *>.“rtnin changes haye been 

nth at the preset time even ,!i f 'f,.™'* a Sta " d ‘ Sta,X/ <- ' a ’“ ;* re ; ,l ' ,w nmier consideration by the 
may indicate that tel though further experience • ta ^ dards Committee, m Standards No. 19 and Nu 22 

adopted m“?hat^^SteT,f T th ?,“ o^on JS,“ **>»*** & nec^y.t’S 

haS a in co ” ne otiorv with thf 


standard for cvclic vlLl g ■, institut e has a 
There would + tages, namely, the sine wave 

liSse have ^nVd ?° T* Why lt sho ' dd - 

sibiy more than one such stmdardTf y° ,tages - Pos ' 
different purposes. may be re< i uired V 

pr?ixr£trr * of test 

adoption of a sSS?c depe,lds “P»- tto 

characteristics of lio-hi tbe vo ^ age an d current 
quently J^^^V*** a ^d that conse- . 

charge rate/’and “dielectric Va e ? sphere ^ a P>” “dis- 
left behind, and are leiS? !parklag ” a re rapidly being 
a^d current Slf b7 ^ voltage 
oscillograph. Such cathode W1& . the catilode ra y 
interpreted in terms of ^ ra f 0scill °g™ms can be 
even down to fractions If V ° ^ amp ^es and times, 

. tl0ns 0f a microsecond, and conse- 


temnerat^r; - ee ’ m coi mectiom with the 

Sind nL f ° n ^ ch and circuit breaker con- 

' Sri ! tf th TlllS WOrk is being carr ied on as 
Ute Vi • P0SSlble Wlth ot h e r interests that are involved 

cafbeS e h fIV her ™ k in ^ardiS 

determine?Sf h ? 7 th& Study of factors which 
determine the interrupting duty on oil circuit breakers. 

This is recommended for future study. - 
* _ Subcommittee on Protective Relays 

Ufipg the past^ year there hare been presented 

including^ ™ Pi0eS ° f this s <»»“mmittee, five papem, 

Automatic Network Relays, by W. K. Bullard, 

* n" j- , eiwor ^ Relay Characteristics, by D K Blake 
Evolution of the Automatic Relay Unit, by J.‘ S. Parsons' 

' VniZy G G.%£££ ° J ^ 

by 

h/A StUdymS th 1 question of standardization, there 
has been prepared a report on current and. potential 
transformer characteristics. The result of this study 
is presented herewith, and it is recommended that 
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further consideration be given thfe subject, with a view 
to standardizing the limitations t>f use of • current 
transformers of various characteristics. 

Report of the Subcommittee on Current hnd Potential 
Transformer Characteristics 
By H|M. Rankin, Chairman • 

1. The purpose of this subcommittee investigation 
was to determine the effect of very high currents on the 
characteristics of current and potential transformers, 
and to specify the mature and extent «of information 
which is necessary to their application to protective 
relaying. It was the opinion of the members of the 
subcommittee that the characteristics of potential 
transformers were not sufficiently affected by high- 
current conditions to warrant investigation from a 
relaying standpoint. This report, therefore, deals 
exclusively with current transformers, including both 
the “instrument type” with irfultiple primary turns and 
the “bushing type” with sinfle turn primary. 

2. Characteristic ratio curves’ for current trans¬ 
formers should have a loweijjimit of one ampere second¬ 
ary current ‘and an upper limit determined by any one 
of the following thfee conditions: 

' 10,000-amperes primary current, 

20 times normal rated current, 

• 2 times nominal ratio. 

3. Characteristic ratio curves should be furnished 
for both* “instrument” and “bushing” type current 
transformers for inductive burdens, power factor 0.5, 
as follows: 

15 Volt-amperes 
25 “ 


All values of volt-amperes given are based on five 
amperes, 60 cycles. The various loads are also to be • 
specified in ohms resistance and henries inductance: 

4. Until further experience may demonstrate that 
more narrow limits, may be adhered to, the manu¬ 
facturers should furnish, for each type and ratio of 
current transformer, a characteristic curve which 
shall be correct within the following limits: 

a. ± per cent deviation from standard curve up 
to 1.1 times nominal ratio. 

b. d= 10 per cent deviation from standard curve at 
2 times nominal ratio. 

c. The deviations at points between 1.1 and 2 tfmes 
nominal ratio shall be interpolated on a straight; line 
basis. 

The manufacturers will, in future, keep a cloe checks 
on current transformer tests to determine whether the 
above limits are reasonble or can be decreased. If 
. greater accuracy than the above is required, pending the 
result of further investigation on the part of the manu¬ 
facturers, it should be the subject of special request. . 

5. Change in phase angle under high-current con¬ 
ditions. Some change in phase angle undoubtedly 


does* occur, especially .with “bushing” type current 
transformer^ in connection with, large non-inductive 
^secondary burden. It is thought that under conditions 
normally met in operation with secondary burdens 
approximating 0.5 power factor, *this change in phase 
angle will have no serious effect on relaying. * Informa¬ 
tion is lacking, however, on this point and it is recom¬ 
mended that more complete tests be made. 

•6. Change in wave form under high-current con¬ 
ditions. The following oscillograms show plainly the 
wave distortion at high currents: 

7. Comparison of relay test methods. The following 
illustrations H-3601624, shows a comparison of the 
primary-secondary method to the shunt method of 
testing relays witfy “bushing” type current trans¬ 
formers. The curve Marked “1-Turn Primary” repre¬ 
sents, of course, the actual operating condition of the 
“bushing” type current transformer. For the curve 
marked “Shunt ‘Method,” the primary ampere-turns 
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3. * Insulation Resistance or Dielectric Strength* Test. 

a. Insulation resistance test made with a megger* 
*of either 500- or 1000-volff rating. 

b. Dielectric, strength test voltage, frequency, 
and duration of test.. 

4. Permissible Minimum Contact Separation. 

5. Allowable Discrepancy from Nominal Value Given 
on Taps. (Current or voltage or both). 

6. Zero Torque Test on Zero Power Factor, Current? 
Alone, Voltage Alone, Etc. 

7. Chattering Test at High Current. 

8. Vibration Tests. « 

It is hoped.that the interested members will comment ‘ 

to the subcommittee, on the above suggestion and that 
by another year, the report may be in the form of a 
recommended standard. The work of this committee 
should continue, therefore, for another 12-month period. 

It is further recommended that the attention of this 
subcommittee be directed toward the establishment of 
other relay standards. This is a subject whieh deserves 
considerable attention as there are few phases of the art 
in general which are really standardized, and the need 
is great. Other suggested subjects are: Standardiza¬ 
tion of characteristic curves, standardization of descrip¬ 
tive nomenclature, standardization of relay symbols for 
around the core, the discrepancies would probably be single-line diagrams) standardization of relay symbols 
much reduced-. for wiriitg diagrams, and standardization of relay 

8. Error due to eccentric location of primary con- operation nomenclature, 
ductor." The following illustration H-3601623, which *It is recommended that a subcommittee be appointed 
is self-explanatory, shows the effect of eccentric location on “Relay Handbook Revisions and Amendments.” 
of the primary lead of a “bushing” type current trans- The book has now been published about two years, and 
former, combined with the effect of a bunched secondary it is believed that sufficient advances and improvements 


are calculated by multipfyfhg the input? current by the 
number'of secondary turns on the “bushing” trans¬ 
former. The “4-Turif Primary” curve .shows the 
discrepancy which may be involved when testing with 
one-fourth of the primary current through four turns 
wound on the core. - The "bushing” type current 
transformer chosin in this test was one having a "tery 
low ratio and with the.secondary turns bunched in*a 
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in the art have occurred to warrant their inclusfbn in 
the “Relay Handbook.” It is the belief of t&is sub¬ 
committee that such action will be justified every two or 
three years. Otherwise, the value of the book will 
disappear in a few years’ time by reason of obsolescence. 

In the matter of future papers, it is recommended that 
papers be prepared on the following subjects: 

Operating Experience with Impedanee Relayilng 
Operating Experience with Parallel Line Relay, 
Protection. 

F. L. Hunt, Chairman . 
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* ; * President’s Address •. 

. * . . BY CUMMINGS C. CHESNEY 

• ' , 

T HE fact that the provision of the Constitution of of members get together and carry on in the many 
the American Institute of Electrical Engineers se<*tions the real development work® of the Institute* 
which assigns the address of the President to the There are 95 Student Branches, which held 842 meetings 
•clcxse rather than to the beginning of his term, seems • last year, at which 42,6!# members were registered. 
to « to indicate a desire on the part of the Institute There are 52 of the 'regular Sections which held 432 : 
to have this address include in some measure, the ideas meetings last year, at which 60,708 were registered; 

the retiring President, acquired during his term on Jn other words there were over 100,000 members total 
matters of general concern to the Institute, and to of local Sections and Branches that attended meetings 
review those problems of procedure, organization and last year. 

policy, which may assist the Institute to grow and It is through the regular meetings of Sections that 
develop in a way, which is heaitfiy and for the best the young engineer makes his first contacts and receives, 
imprests of its members, for the engineering profession in many instances, the inspiration that influences the 
aa a whole, for the good of the electrical industry and character of his life’s work. . 


t ry 


communities which we represent. It seems fitting 
therefore at this time to bring to your attention several 
outstanding features of the year just past. 

It has been my privilege as your President to have 
visited many of the more remote Sections of the In¬ 
stitute, for instance Salt Lake City, Los Angeles, San 
Francisco, Portland, Seattle, Spokane, and all of the 
Sections in Canada, together with many of the Sections 
hruted in the eastern cities and in the central West, 
f bad in mind visiting all of those Sections, Which* on 
iu'*'* »unt of their geographical location, have either never 


What the meetings of*the Institute really mean to 
the members has been ably pointed out»by President 
Scott in 19 02, at the time of his presidency, when the 
Institute was developing jit a rapid pace' A committee 
was formed on local Sections at this time with the 
authority to make arrangements for the holding of 
local meetings. There had been a few Sections operat¬ 
ing at the time but active steps were then taken to 
develop broadly the Section idea. As Professor Scott 
so ably said, “In a profession, whose interests are so 

: * • -i visited by a national officer.or have''bee'ndsite^ fogSh^the^ h< r' hr0 'f ht 

very infrequently. I am sure that it will be gratifvinv ■ d h ? CCmmon meeting place 

to aS to learn of the increasing interest and activitv a- ^ dlscove 5 ies , may be 'announced, inventions 

fa Imatut, affairs aBover the “wM t wS _scheff.es criticised, and . new 

. ~ ■ - * - W cn it was undertakings presented and discussed. 


with the officers of these Sections^d di^Sng ZhthZ™* fT\ ^ 
: ,fc ':l mS I” hat .“ta^tpartof„urI D ,titute .en'Ser 


-O- xxxfAtJ 

The professor who regards 

% , e designing or construction 

activities these Sections constitute and how much of findthat bis own cherished formulas 

tilt- future growth and vitalizing power of the Institute is the +■ ] rom ru j es an< i contain the constants, which 
dependent upon their success * the practical man has determined for hin^if a — 


*i€*pt‘r,dent upon their success. 

itt can well Wfe likened to 

I , pmeT system ’ where the Sections may 

< : as so many small rivers reaching out in 

,■ r; : va totals eLr 


practical man has determined for himoelf. Asso¬ 
ciation leads to mutual understanding, it curbs eccen- 
ddeveiop^Vo^^ 

Sections of the Institute, and as might be expected 
have been -nartirnkri,, - p ct ' ea , 


^ b - been particularly interred 

“f a t0taI member - SSM Section ’ my home Section 

MlLl tZ i tt i red mti0Ilal members may Nf^tion tbe lar « est in the Institute, has a combined 
Msdiwrm Wi t It?!’ at theregional meeting held at n t a ‘ 10 P al and local membership of 1000 members and 
'- e v p re v St ^ red; at Niagara Fall! i n !f ^^ c « mm ' on to have at the meetings more’than 
«•: « SC h Jl?City ^ S “? 0 " is “* 4- a comm" 

■ .. 

purchase a membership ticket and atLTLToS 
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meetings at which important investigators, scientists, 
and explorers give talks and demonstrations covering 
their experiences.. The Institute Section is the leading t 
dignified engineering group in the community and, being 
interested in the community’s growth, all the leading 
citizens feel honor-bound to belong to it. The local 
papers report the'meetings in an elaborate way, some¬ 
times half a page being given to a single meeting. 
This publicity spreads the wbrk of the Institute beyond * 
the city limits so that the effectiveness of the Institute 
as an educational and social influence i£ far-reaching. 

In addition to the large general meetings, discussion* 
or round-table technical meetings are held, at which 
the more ambitious young engineer meets on a common 
ground, and can engage in oral discussion, with the 
senior engineers of the community upon subjects of 
vital interest to him. Such discussion develops self- 
confidence, attracts attention to the younger engineer, 
creates the desire on his^part to present papers at 
regional'mectings, and affords an outlet for his latent 
energy, his enthusiasm, and his creative ability. 

As he gains in experience hfe is placed on committees 
and given an opportunity to do organization work. 
After he has served for several years in a minor capacity, 


a very direct bearing on the future progress and effi 
ciency of our industry and our country^ 

The Speaker Bureau idea came into effect this, yea 
in a limited way. Through this bureau it is expecle^ 
the Sections may more readily get talented speakers 
and lecturers. The idea is sound and should become 
more and more valuable each year and should be given 
special consideration in the future. 

•The Committee on Public Relations, by formulating a 
definite plan of procedure based’, of course, on the ex¬ 
perience of the older sections, can greatly aid in extend¬ 
ing more rapidly the influence in their several 
communities of the younger or more newly organized 
sections. 

For the purpose «f^he study of the section idea and 
the ready exchange of ideas between them, and for the 
purpose of extendir^g the sections’ local and national 
influence, our new Assistant Secretary, Mr. Henline, 
was added to the national executive staff last January, 
and while he has not authorized me to speak for him, 
coming from the Golden West, I know his progressive 
spirit makes him ever ready to render any assistance 
within his power to any section. May I also at this 
point commend the work of Prof. Harold Smith during 


fl 


further responsibilities are added and the extent to the .past 'several years as Chairman of the Sections 


which he continues his efforts in the interest of his 
Section aids his progress in securing a higher office 
as a reward. Simultaneously with such progress he 
becomes identified with the national organization, 
taking an active part on.the main committees. 

This opportunity for self-expression and growth 
afforded tlie younger engineers through the local Section 
is vital, for here he‘learns one. of the fundamentals of 
life—that progress comes only through constant effort. 
The methods, which have been followed by the Pittsfield 
Section, develop the activities of the Section and have 
resulted directly in the grbwth and development of the 
individual member; they have been followed to. some” 


Committed. The Institute is under a deep debt of 
gratitude to him. We cannot too much emphasize 
the fact that without the help of the Sections, through 
their vigorous and helpful growth the usefulness and 
future stability and the influence of the Institute will 
be seriously handicapped; whereas with the constructive 
and vitalising work which the Sections are able to 
contribute to the Institute’s affairs there will be every 
reason to expect-that 'the past effectiveness of the 
Institute will continue indefinitely. 

During the past year, your executive officers and ycrur 
Board of Directors have given more than usual attention 
to the’ subject of Electrical Standardization. It is a 


extent by fither Sections, and while the Pittsfield idea # subject tSat has had the particular attention of practi- 


is worth copying there are other similar successful 
experiences in other Sections of the Institute that are 
equally entitled to thorough study and consideration 
by the national officers. 

I believe there is need for outlining a more definite 
policy for Section activities based t»n the opportunities 
for training and growth afforded the younger members. 
Such a policy would include more specific plans for 
lectures and round-table discussiphs than ha*ve hereto¬ 
fore been the practise, and gives a chance for develop¬ 
ment of organizing and managerial ability. It should, 
of course, include the opportunity to prepare papers^ 
to engage in oral discussions, and to take a more in¬ 
timate part in community work. 

An engineer, because of his education, is accustomed 
to analyze conditions and arrive at basic truths, and 
if his special abilities which invite confidence could be 
adapted to our community problems it would have 


•ially every Board of Directors since the appointment 
of the first •Committee of Standardization by the In¬ 
stitute in 1898. 

There has been intense interest in standardization 
through the older engineering organizations and also 
through the newer trade associations, both national 
and international, which has brought forth recent state¬ 
ments from prominent writers, such as, “Standardiza¬ 
tion is the outstanding note of this present Century. 
It ramifies to the remotest details of our industrial 
regime. Its trends are highly significant. They tap 
all sources of scientific knowledge and affect every phase 
of design, production and utilization.” From another 
author—“Standardization is a new and outstanding 
influence in modern industry. It is based on an 
economic conception of utility, and its trends and rami¬ 
fications. affect every aspect of design, production 
and utilization.” 
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These are excellent and general statements of'fact, (granting thaf a better kind of insulation cannot be ■ 

but submit no reason for this recent great activity in obtained) and this will leave him less space for iron and ; 

line, which'is now so generally recognized. It is, copper. Immediately his whole design must be 
in my opinion, largely the direct outcome of the scarcity* changed. , 

of labor since the great war and the passage of our new (2) The standardization of material and parts and 
immisrahon l a ' v > and the laudible desire to maintain the reduction of number of varieties, leads to less and 
and extend the high standard of living which, in this simpler drawings and specification^ so that a given 
country, we have enjoyed for $e past quarter of a staff of engineers and draftsmen can deal with a much 
cent ury, and during which tens of millions of people * larger volume of business. * 

have attained standards of comfort and of culture far (3) By the standardization of certain requirements, ; 
higher than those of any other country in the world, the buyer and Seller become accustomed to specifying 
uml immensely in excess of anything hitherto known in * machines on these bases; useless or relatively unim- 
• he vs. orld s history. • portant tests are less likely to be demanded by the 

AH this argues for the maintenance and increase of buyer; printed specification forms may be provided 
tlw present earnings of the worker and at the sarfle which simplify the labor of making up a specification 
fime requires the lowering of the‘cost of production, and knowledge and familiarity with similar cases (based 
^? an«iardization—which permits more readily repetitive on the same standards) enable an estimate of cost to 
methods of production—stimulates the invention of be made more quickly and'easily. These and many 

T Tt m T ??’ r re aCCUra f 6 and , m ° re ° ther considerati ons which will suggest themselves to 

-n.ut'd work. It stimulates the increased use of con- any one investigating the flatter, serve to reduce the 

i tyors and other mechanical means for reducing the cost of the preparation of specifications^and making of 
imotint of labor required for handling and transporta- tenders e r ® 

sissze - “ - 

1. I n calculations and designs. a given sales force can deal with a larger volume of 

2. I n the preparation of drawings and SDecifirat;^ usme ® s> A salesman to be fully informed needs to 

3 In nnkBgVponaorr^ » *» head ’ “gently he can handle 

~ "jstomere. . r 1 mor ? work in one special 'abject or a create!, number of 

. I- In selling costs. * * special subjects than would otherwise be the case. 

! Economies are effected in design largely through the ° f " a *P roddct « the 1& ss is 

»7 designs, thus freeing the Cnem for otW ™ *stnbutors and products. - J ( 

■ Standardization of circuit voltage and periodic sales™’ cos * s > associated with engineers, draftsmen, 

***** of Permissible limits of variation of these in ™h &nd SOme com P° nen ts of overhead, are, with 
" ■ permit the manufacturer to reduce the number* SrT Pr ° duction ' materially decreased by ^ 
of machines. Furthermore, by sirnd? n 1 ^ “ addition to decrease 

1 ‘ w °rking hmits, such as dielectric strength ^ tnctly Production costs. .All together these 

mperature rise and other characteristics such as regu “™ bl . ne increase the growth and influence of the 

R mori taIh ”i l0ad ’ Staiting torque > etc " the engineer T h f h is primarily our concern. 

n * | _ - ^“ckly complete tHfe enginemng workon a foil™ ?? S , tand A aJ:ds for electrical machinery generally 
ti 2 by reasomof his knowledge of the results ^ llow . edby the American electrical industry were those 

‘ 2 usua lly obtained by working to Q • i P^ e P ared by the original Institute committee and ' 
1' ® nd by th e familiarity -and facility he has ad ° pted by tbe Insti tute in June 1899. A review of the 
WOrking out of many similar Committee of Standard!- ' 

/ il - f dlfferent Mmits to work to in dS £ Smce that dale indi cates that all of these com- 

rhino f OP . a given kind of electrical « raining, loved law and order and who might be 

a moving picture % 
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and in consequence the accomplishments of each year 
were progressively better than the year before. • 

They, recognized that no standard could he final— ( 
since science was continually advancing and more 
effective equipment .was steadily being introduced 
into industry—hut they also recognized that changes 
must not be mad^so frequently as to unduly disturbthe 
industry and only when a serviceable gain justified the 
change. * . 

These committees to date have taken the initiative 
in the formulation o’f all electrical standards of America, 
and their work has been recognized as being authorita-w 
tive throughout the entire world. Their procedure 
and their resulting standards during this period of more 
than a quarter of a century have been acceptable to 
the manufacturing and consuming interests, as well as 
to the general public. The industry has learned to 
value and to depend npoh Jhe A. I. E. E. Standards 
in commercial transaction^covering matters of interest 
to all sSctiofls of the electrical industry. There has 
been no attempt to dictate to the industry but standards 
on any particular line have^oeen introduced only when it 
is clear that all interested agree that the step is wise 
and desirable. ® 

In the Institute Standards Committee, or in its sub¬ 
committees, the manufacturer and purchaser and the 
general interests came together and developed the 
required standards in a way which has been generally 
satisfactory in the past to all the interested sections of 
the industry. The -electrical standards so issued 
always have been identified with the name of the In¬ 
stitute. tt is well known that the Institute as an 
organization_ has no interest Other than one of public 
service, which duly the Institute has always performed 
at its own‘expense. The Institute in performing this 
service, ‘although voluntary, has assumed obligations 
during the past 28 years to the electrical industry 
and the public which would make it now embarrassing? 
if not impossible, to discontinue the present practise or 
lessen its ffisponsibilities until a more simple and direct 
method has been devised and demonstrated. 

For fear that some who have not had the opportunity 
to study in "an intimate way the subject of Standards 
and Standardization, may not understand what’the 
terms mean—I quote from my February 7th address: 

“In this country - and in Great Britain th’e term 
‘standardization’ has grown to mean, ii\ the minds of 
engineers, not only a simplification in the number of 
types and sizes and the securing of interchangeability, 
but also the laying down of performance rules or. cocies 
for all types of apparatus, including measuring instru¬ 
ments, prime movers, generators, transformers and 
motors. Thus broadly the term ‘Standard’ in addition 
to being a measure of quality of standards of compari¬ 
son, means a common unified practise, method or dimen¬ 
sion, which it is to the interest of industry and the 
community to adopt Back of any policy of standardi¬ 
zation is primarily the'purpose to furnish the public a 
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better article or to render it a better service at a lower,, 
cost.” . - . 

“In 1916 the need for a National Clearing House for 
engineering standards became apparent, in order* to 
prevent duplication in standardization work and in 
promulgation of conflicting standards To formulate a 
method of cooperation, a special joint committee— 
made up of representatives from the American Institute 
of Electrical Engineers, American Institute of Mining' 
Engineers, American Society of Civil Engineers, Ameri¬ 
can Society of Mechanical Engineers, and American 
Society for Testing of Materials—held its first meeting 
January 17, *1917. The result of this meeting and 
subsequent meetings was the organization of the 
American Engineering Standards Committee. This 
Committee initially cShsisted of representatives of these 
five institutions. Shortly after its organization, govern¬ 
ment representatives were admitted; and in 1919 the 
Constitution was broadened to permit the representa¬ 
tion from other national bodies. The Committee now 
includes representatives from seven departments of the 
Federal Government, nine national engineering socie¬ 
ties and nineteen national industrial associations. 

“The American Engineering Standards Committee, as 
at present organized, is a coordinating committee, 
and* not a # standards-making body. All standards are 
to .be formulated and published by the respective 
societies,’making the standard a function of great value 
and scope to industry. This intention is clearly expressed 
ua the Constitution, and the American Engineering 
Standards Committee is primarily an administrative 
and policy-forming committee. 

“As stafed by its Secretary, perhaps the most important 
accomplishment "of the American Engineering Standards 
Committee has been-the actual launching of the work,' 
setting up machinery and securing the official co¬ 
operation of some three hundred national organization, 
that is the fundamental job of breaking ground. 
Ninety-seven standards have been approved for the 
► engineering and building trade—ten have to do with the 
'electrical industry. In my opinion this is a very excel¬ 
lent record of accomplishments to date. The Secretary 
also states that everyone who has examined‘the work 
before the American Engineering Standards Committee, 
agrees that the whole ifiovement of making American 
standards is being seriously crippled by the lack of 
adequate financial support. The total annual budget is 
$58,000. The American Institute of Electrical Engi¬ 
neers as such contributes to the American Engineering 
Standards Committee $1500 annually. Due to legal 
restrictions the government departments are unable to . 
pay dues, and a special provision is made exempting 
them from such payments. 

“The Secretary also expresses the opinion that inertia, 
lack of interest and understanding of the standardiza¬ 
tion method as a whole, and of its economic relations 
to their business on the part of executives and in¬ 
dustrial groups, has been one of the greatest difficulties 
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* encountered in the successful ^accomplishment of the taken to form &n International Standards Associate 1 *rj 
committee’s work. It is now proposed, by the process The proposed organization to have a national 
of amendment, to make a material and fundamental mittee in*each country. In America, the .nations 
cMnge in the Constitution of the American Engineering^ committee was to be the American Engineering StatvdH 
Standards Committee This can only be done by the ards Committee. As it has been stated heretofc>i% 
unanimous consent, notwithstanding the general pro- its (A. E. S. C.) principal constitutional object is ■ 
vision in the Constitution, providing for its amendment supervise, standardization work, bift it is exprosislfl 
^by a lesser vote. Such provisions only apply to in- s£ated in its constitution that it shall not formulate 
oriental amendments made to carry out the purpose pf f standards. There is, however, a clause in its con*! 
the organization, and not to fundamental changes— stitution which states that one of the objects of it#! 
any amendement that aims to convert the American American Engineering Standards Committee shall fctfi 
• Sta ? dards Committee into a standards- J "to act as the authoritative channel of cooperation 18 J 

making body, or into a body that would interfere m the international engineering standardization.” 
autonomy, m standardization work, of the respresenta- The Institute has subscribed to the American Enjzi-1 

* neer * n S Standards Committee constitaitimn^^isj^S?! 

tion the wf of St ^‘^ UP ] n S f dm ] niStra " a member of the United States National Committee of 
rion, the Board of Dnectors authorized a bnef state- the International Electrotechnical Commission which : 

done for the past 25 years. a e ^ urs , e 1S for lt: to 8° before the American Engineer- 

2. That in doing this work the Institute will continue With a - frank statement" 

as it has in the past to avail itself to the fullest dearth a a ’ and ask the American Engineering Stand- 
Of the assistance of others^A m j5^^i*«^lorthe<Ww^ «*• 

-• - md Institute considers, to be in the best interest of the 5 

electrical industry of this country, at the present time.'. 
Under the procedure of the International Electro¬ 
technical Commission much of value has been 
accomplished m establishing international electrical 
engineering standards.. This field alone is a very lar m 


organizations— with a view to serving the interests of 
ail wlm may be properly concerned in the work. 

fy bat f tandards ’ after having been developed by 
hTthSl U rf 7 “ c “" lan “ aod 2, and adopted 


t— -^ W xa<i2>iiisutu t e standards will hp , , , I! ® vutu oecunea; 

pr^ented to the American Engineering Standards Com oup ,/■/ S aadards ‘- This field alone is a very large 
mittee for approval by it as AmericamStandfirds when successful Unwise ^ abandon the presen t 

Ui^the opnion of the Institute, sucha step is S SandS P ] -t - mtried pla ? of an Internationa 
4 . Tlmt such presentation to -the American gw’ , t dards Association which does jaot appear to be 
iteenng Standards Committee for their consideration for ^ onsU( * sound fundamental principles The 

&nta™ toth C Interaaa “”"'““ 

mission 2d 71 “ ? ternatl0na I Mechanical Com¬ 
mission, and International Civil Commission pfr- 

^ b “°” e «S”'tol£ 

technical Mmmi J„nXufw°St ttoTiSe 
mature to trv to thls tlme be Pn©> 


Committee, whi c rCo^X n the n ST 

mental in initiating the Jnsfatute was mstru-, 

now eM l„ m!U1 7 a '^ d has “-bnued to id dorf' 

hove ’HSl the A. I. E. E. 

designated as 'Anwjrf' ^1° ** 5ta *® of bcin « 

is.sa.siv* ;" = 
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isk, it is also recognized that* its 20 years of 
constitutes a considerable asset. The Intet- 


meet* with the hearty agreement of the International 
Electrotechnical Commission. 


onstitutes a^onsiaerawie cibstju. me ^ 

ictrotechnical Commission has rfever taken Three open problems on standardization thus con- 

•« n •* *r* 1 P_ a T_J i.1. At® n 


>f this asset in a selfish way. I«i eases where front the Institute and their importance justifies a 
Ids of engineering,, it should he desired to prompt solution; hut not a hasty one. 

>f the International Electrotechnical Com- First: The internal routine to he .followed through 
organization and experience, either tern- its Committee on Standards for the handling of stand- 
permanently, for work in other lines, the ards and standardization' should be revised. This 
al Electrotechnical Commission is prepared, * has to do primarily with the A. I. E. E. Standards, 
n cases in the past, to offer its facilities and Second: The present and future status of the Ameri- 
__j. •_T?i oiwli paspa can Encrineerinff Standards Committee should be 


a cases in the past, to offer its facilities and 
5m to include the added work., In such eases 
itional Electrotechnical Commission could, 
;h the organization in whose field the work 
additional representatives from that organi- 
mbership. If at a later time the co¬ 
organization, through the establishment 
nternational organization, or from any other 
hange of policy,* should decide to discontinue 
ment, this without doubt should and would 


can Engineering Standards Committee should be 
determined. * 

Third: Th? relation of the American Institute of 
Electrical Engineers to the United States National 
Committee of the International Electrotechnical 
Commission. c 

These I repeat are important and vital problems and 
need, for the best interest of the Institute and the 
industry, a prompt solution. . 


Electrochemistry and Electrometallurgy 

luai Repott of the Committee on Electrochemistry and 

Electrometallurgy* > 


rd of Directors: 

nmittee on Electrochemistry and Electro¬ 
makes its annual report as follows: * 

vo years ago, this committee brought to the 
>f the Standards Committee the desirability 
the Institute Standards for storage batteries, 
working committee was then appointed to" 
this task and a tentative standard has been 
[ defining the terms and conditions which 
;e the rating and behavior of storage batteries, 
rt is now in the hands of the Standards 
2 . It is believed that the work accomplished 
gestion of this committee will be of value to 
;e battery industry, which is an important 
; electrochemical field. 

ds for the international electrical units, are 
Lving much attention at the various national 
,ing laboratories. • Thesg fundamental stand- 
;h furnish a basis of measurement for 
hysicist and the electrical engineer fall within 
of electrochemistry. Seventeen years^have 
nee the International Technical Committee 
ashington to carry out a joint investigation 
er voltammeter and the standard cell. At the 
i of its work the value 1.0183 international 

tee on Electrochemistry and Electrometallurgy: 
Chairman, 

licks, SaffordK. Colby, Magnus Unger, 

on, F. A. J. Fitzgerald, J. B. Whitehead, 

,n, Walter E. Holland, . J. L. Woodbridge, 

irk, F. A. Lidbury, L. McK. Yardley. 

C. Gi, Schluederberg, 

at the Summer Convention of the A. I. E, E.> Detroit , 

2Q-U, 


Magnus Uuger, 

J. B. Whitehead, 

J. L. Woodbridge, 

JT. L. McK. Yardley. 
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volts at *20 deg. cent, was adopted for the Weston 
Normal cell, and by international agreement, this value 
became effective on January 1, 1911. The various 
countries, therefore, started out on this date with identi¬ 
cal values for the international volt, which, togetherwith 
standards*of resistance, served to fix the measurement 
of current, also. * Since that time, the basis of reference 
has been carried forward by means of groups of standard 
cells and resistances. It is a matter of importance, 
therefore, that we should determine how accurately 
these .standards have been maintained. Several new 
groups o£ standard cells have recently been prepared 
► at the Bureau of Standards, which indicate a very close 
Agreement with the Bureau’s existing basis of reference. 
The results* obtained, so far, cannot be considered as 
conclusive but indicate that our standard for voltage 
has been maintained over a long period within a few 
millionths of a volt. Comparisons have also been made 
with the standards of several other countries and reason¬ 
ably close agreement has been found in most cases.„ 
The necessity still remains, however, for checking the 
standard for the international volt by means of the 
silver voltammeter and by the absolute current balance 
for the measurement of current. Progress is being made ^ 
in absolute measurement of resistance. As pointed out 
in last year’s report, it is apparent that a considerable 
difference exists between the international ohm and 
the absolute ohm. v 

In reviewing the progress during any particular year, 
it is always difficult to evaluate the definite advances 
within so limited a period. New methods, when first 
tried, are experimental and it is impossible to say 
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* * ^Abridgment -of * 

irting Performance of Synchronous Moto: 

*BY 0. V, PUTMAN 1 


(The subscript 2 indicates rotor current 
first subscript vindicates that the vect 
negatively rotatirf-j vector. Th^lastsul 
n indicates that the current is produced 

Similarly egatlVeIyr0tati ^ v ® Ita « e 

■ up Z p e ^f tlv f ly rotatin £ r °tor curj-ent due to 
2M I ™;ve 7 rotating rotor current due to E, 
r pn Z P ° S , itlvely rotatin g rotor current due to A\ 

= Z b JZ h 

H b®^Aptn),^ d ° UbIe SQUirrel ' Cage " ds 

° W (App.I t I) d0nb ' e damper 

— 1/Xi -f b 00 , ' " o 

■ “ Magnetizing admittance, - 

= T^ncy h cycles per second, 

expression^ 68 ^ te ™ J ” V' 

= Ratio = si n 6 

P. R. V. (see equation ( 


; e truest published work on the 
fonhance of synchronous motors 
Carl J. Pechheimer in 1912 3 T his 
reat merit and a valuable 'contri- 
Aot only did it give much valuable 
concerning the synchronous motor 
to our knowledge of the calculation 
l tie discussion which followed the pres- 
paper showed clearly that, the syn- 
B T as we!i understood experimentally in 
- —iew what the motor would do under 
T“ ‘ W' was often in doubt, 
m the present paper explains 
Air. Pechheimer limited his 
conditions at standstill In 
.starting conditions are examined not 

•m point. ° Ug ew 'fi°le starting period 

Notation 

Mata rt, be^ed through^ ^ 

reetn/df^ ”’ a a vector quantity - 

» Ion ^ *° the positftre 


butkm to the art. 
experimental data 
bat it added much 
of reactance. -* 
entaiion of this 

clwwau# motor'_ 

■ 8* >11 
vawas conditions but the 
Ti# theory developed 
of the “wbys.” 
work to th e 
w» paper the.tU. 

**v standstill but 
«*» to the pull- 

; :if| 

flowing r- ' 
paper. *ij - subscript 

«*»<»**.# r» m f |, 

. j isis 

: 'Sia 


Operator ^ and denotes differential 

respect te time (App. H) 

: Stator resistance, 

1 Rotor resistance,’ 

Rotor bar resistance, 

P^d circuit resistance, 

O + r t , 

Slip, 
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t = Time in seconds, * • • 

T P = Motor torque due to positively rotating flux 
and positively Rotating rotor current, 
v = iftatio Zu/Zf M 

Xi = Stator reactance, 

Xi = Rotor reactance, 

x b - Rotor bar Reactance, * 

x f = Field winding reactance, 

X 0 = Xi + x 3f _•_ ‘ 

z = VI +2Bx 2 + B*Z 2 / 

Zi = Rotor impedance = V + *S 2 
Zu = V r 2 , 2 + Xi 2 * 

Zb, = \/ fta 2 -f Xj , 2 
= V U » 2 ~h a ?/ 2 

= V 70 2 +rKo 2 , _ 

Z i = Stator impedance = v 7 fi 2 + *i 2 » 

6 = Bar span in electrical radians (Part I), 

6 = tan- 1 + a = /hase angle of rotor circuit 


The sum of these two rotating vectors is * • 

2cos cat (3) 

# which is simply a pulsating quantity in one direction, 
in space. 

If, now, equation (3) represents the m. m. f. due to a 
single-phase winding, it follows from the above that this 
m. m. f., which is unidirectional in space and pulsating 
in time, can be represented by, or split up into, two^ 

* vectors constant in time but rotating in space, one 


with field, closed fPart IV), 


= tan - 


fl.COS (p 

1 + r sin <p ’ 



5 [cos u)t*j shuot]=P.R.V. 
| fcostut-j siniut]*N.RV. 


Xb : r f9 

m = tan -1 —— + tan -1 ——, 

T b , 

$ = M. m. f. (Part I), 

$ = Self-inductive flux (App. II), 

co = Angular velocity'in radians per sec., 
a = Specific resistance of material used in double 
squirrel-cage damper bar (Abohms per cu. cm.). 

Part I. Theory of the'Partial Polyphase * 
Rotor Circuit 

The expression, 

• cos co t +7 sin co t (1). 

represents a vector- of unit length rotating forward in 
the positiv»direction with angular velocity co and start- 


, Fig. 2 — M. M. F. Produced by a Single Coil, Resolved Into 
Two Rotating Vectors 

rotating in the positive direction and the other in the 
negative direction. 

As an example of the above, let the field produced by 
a cpil a —*a, Fig. 1, be $ cos co t. 

In Fig! 2 the equivalent rotating vectors are shown. 

- [eos co t + j sin co i] = positively rotating vector. 


— [cos to t - j sin co t) = negatively rotating vector. 

A • 

• * 

It should be noted that the'length of each rotating 


Fig. 1— M. M.F. Produced by a Single Coil, Pulsating in 
Time, Indirectional in Space 

ing at the zero position at the instant of counting time. 
Similarly, 

cos co t — j sin co t (2) 

represents a vector rotating backwards or in the nega¬ 
tive direction with angular velocity co. 


Fig. 3—M. M.F. Produced by Two Coils Separated by 
Angle 0 , Resolved Into Two Rotating Vectors 

veetor is only half the maximum value of the stationary ^ 
yector. In Fig. 1, when 4 = 0, <t> cos co < is maximum* 
and the current in the coil is, therefore, a maximum. 
In Fig. 2, then, time is counted from the instant the 
current in the coil is maximum, and at this instant it 
should be particularly noted that the positively rotating 
vector and negatively rotating vector are together in 
space. 


• * 


% 




was maximi 


To find the m. m. f. due to No. 2 
follows: Assume temporarily that the < 
is in time phase with that in No. 1. On 
the rotating rectors would be 
1 

2 ® l cos ( a t + &) + j sin (co t -j- 0 ) } 
= positively rotating vector 

1 

9 $ { cos («t - 0) - j sin ( a * _ ov i 


instant the current in coil No. 


- negatively rotating vector j • 

ButthecurrentinNo^lagsbehindthatinNo. 1 by an 

gI f\ y. enee ^ ls necessary to substitute (a t- 0) 

ilNo Sunder tI hlS gl Jv *** the rotating sectors for 
H No. 2 under the conditions specified above: 

$ {cos ut + ; sin cot] ■ * 

= positively rotating vector 

$ {cos («t ~ 20) - j sin (a t - 20 ) j j. ^ 

= negatively rotating vector. J 

.enotedthatfcpoaiti^y^’i are all in phase , 

i No ' 2 ™ with each 

negatively rotating vectors are, however „ , 0 

ay an angle 2 0 . * ■’ and there are — 

combined due’to both coils No. 1 ‘ ^ * 

°"'y ““essaiy to add equations (4) and positively rotdtin 


IS maximum. Since the 
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* • . • of coils as shown in Fig. 6 covering an angle to the fight 

[ co < — 2 (f — 1) A |9} . of coil No. 1 (instead of to the left as in the previous 

* • case) thatthevectorsare: * 

, ) Positively rotating vector • 


Now let A |8 > O'and n > oo 

The 2 's then become integrals as follows 

egatively rotating vector • 


Negatively rotating vector 
•4> sin 6 . , 


Here again time was counted from the instant the, 
current in coil«No. 1, Fig. 6, was maximum. 


= ~ 2 ~ sin 0 [cos (co t — 6) — j sin (co t — 9) ] (13) 

which is the negatively rotating field. 

The ratio of the magnitude of the negative field to 
that of the positive field is from (9) and (13), 

• Negatively rotating vector _ _ sin 6 

Ratio p os jti ve fy rotating veptor 6 

K is really a measure of the single-phase action in 
the rotor. It shows how .nearly the rotor circuit 


, *6—M.M.F. Produced by a Number of Coils Dis- 

TRIBUTEftTOVER ANGLE 0 TO THE RlGHT OF COIL No. 1 


Combining the results of Figs. 4 and 6 gives the 
m. m. f. for the arrangement of coils shown in Fig. 7, 
time being counted from the instant the current is 
maximum in coil No. 1, which is the middle coil of the 
group. * 

The angle or are covered by the winding is in this 


■Curve Showing Valves of K as Function of the 
.r Span. K is a Measure of the Single-Phase 
duced by the Da*mper Winding 


approaches the perfect polyphase condition. If, in 
equation (14)', 9 is put equal to zero for the case of the 

T , ^ . Lim sin 6 

single-phase rotor, K = 1, since ^ q q — ** so 

that the negatively rotating field is equal to the posi¬ 
tively rotating field which is correct for the single¬ 
phase rotor. But if in (14) 6 is hiade eqhal to x 
corresponding to a damper winding which is continuous 
around the periphery as in a squirrel-cage induction 
motor, then K = 0, and there is no negatively rotating 
field. Fig. 5 shows a curve whieh gives values of K 
corresponding to different values of the bar span 9. 

It should be noted that the magnitude of the positive 
field is always equal to Yi the m. m. f. in the whole 
winding, assuming all currents in phase. 

It can be shown in a similar manner that for a group 


p IG 7_M. M. F. of a Symmetrical Arrangement of Coils 


eas e i = 2 9. To get the positively rotating vector it 
is only necessary to add (9) and (15) 

Positively rotating vector = 4> 6 [cos a t + j sin co t] 


To get the negatively rotating vector add equations 
(13) and (16) which gives: 

Negatively rotating vector 

= A- sin 6 [cos (co t — 0) + cos (co J + 0) 
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9 « # • * ^ 

(cat- 6) + sin (ca t+ (})]}. voltage by angle 6, toe ptfase angle of the damper t 

j t — j sin co t] * (18) circuit,, and the negatively rotating vector which is 

iA in (17) and (18) gives and which lies along the reflection of I 2p about the 

* axis- Now,.how does one know for sure the positi 
of I 2 J It has been shown very clearly that I u mi 
be so located that J- in and T will come together 
space at the instant the current inTthe middle bar 
the pole is maximum. Since the projection of any 


= 2 f eos 03 i •+- 3 sin co <] 

Negatively rotating vector 


• xience rc is seen that if time is counted from the 
instant that the current is maximum in the middle of the 
belt of conductors, the positively rotating vector and 
negatively rotating veetor are in phase with each other; 
that is, they are together in space. * Or, more generally' 
it may be stated that regardless of the instant from 
which time is counted, the positively rotating vector 
and negatively rotating veetor are together in space at 
the instant the current is maximum in the middle bar 
in the pole face. 

Part II. Construction of the Vector 
Diagram of a Synchronous Motor With 
Partial Polyphase Rotor Circuit 

. ft we ^ known, of course, that the ordinary vector 
diagram of a polyphase induction motor represents 
only the time relation of the various quantities but the 
actual space relation in the machine as well. The same 
will be true of the vector diagram of a motor with a 
partial polyphase rotor circuit. It will be found 
venient to represent by the vector for the rotor bar 
current the current in the bar 


.LLTJSTOATING THE PRINCIPLE OF 

Reflection c 


Synchronous Motor With v ® ctors on t 1 he y . ax | s as they rotate gives the 

instantaneous values in time, this will occur when L 

comes in line with the y axis. Since J 2n is rotatin 
negatively, it will come in line with the y axis at th 
not same time as does 1 Hence, it is seen that by ma>in 
Iin lie along the reflection of I 2p about the y axis, th 
condition that the positively rotating vector an 
negatively rotating vector shall be together in spac 
con- at the instant the current is riiaximum, is fulfilled. 

in the middle«of the pole. Principle of Reflection of the Negative Systei 
• ’ . P is evident that the conventional system of Vecto 

notation eaqjiot be applied directly to the conditio] 
existing in Fig. 8. In fact, it cannot be applied to ; 
vector diagram in which there are vectors rotating ii 

. opposite directions, so that,* for the purpose of mathe 

. . matical analysis it is necessary to construct the dia 

• ^ ram 111 sueh a manner that 'the actual wetors in th 

• diagram rotate in the positive direction. Such a dia 

! ’ p * gram is shown in Fig. 9. 

This diagram is obtained from that in Fig. 8, b] 
applying the principle of reflection which mav b< 

“ST” “ fo ” ows: If “*“*e of recto* 

(m this case only’the single vector I 2n , Fig. 8) b( 

vely Rotating System V ax i s an d inade to rotate positively 

tati*ng System v e aista ^ taneoas values of the quantities represents 

- * due to a positively 

-r d T ‘ he ^ I* 0 **®”* ‘he V axis (wUd 
ottT^S^lS St,” ihe-instantaneous values, as does /* 

” ie V a toe e ST"o„ly id it 

.teleiind the indued SJSXE S%T-%£ d“cT. 3 
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course, be obtained from the other by simply reflecting 
the negative system. . 

Vector ‘Diagram of Synchronous Motor with 
Partial Polyphase Rotor Circuit in Fig. 10 
Fig. 10 gives the complete vector diagram of a motor. 
It is of the same tfpe as Fig. 8, giying space as well as 
I time relations. It is similar to the ordinary diagram of 
an induction motor except more ^complicated because 
of the negative system. All dotted vectors are actually 


— lip and the magnetizing current 1 
the positive flux in the gap. Sii 
*n. m. f. in the stator is the sum of 
tive magnetizing current I 
negative flux in the gap. 

The impressed voltage on the _____ 

— Ei P and the Ii„ Zi drop. Since there is no negatively 
^rotating impressed voltage (if the phases are balanced 

as*assumed) the negative induced voltage E in is equal 
to the IinZi drop, as shown in the diagram. 


otating negatively ih this diagram. 

In the machine .there are two fluxes in the gap, one -Part III. Vector Equations—Derivation of* 
otating positively, the other negatively. The positive Uie Torque Formula 


rotating positively, the other negatively. The positive 
flux generates a positive induced voltage E %p in the 
damper bars. 3 This, as has been described, produces 
two current vectors: Epp 4, which is the positively 
rotating vector and 1 2 „* p which is the negatively rotating 
vector and which lies along'the reflection of I 2pp about 
the y axis. » 

In a similar manner the negatively rotating flux 


\\ loop j 

— ——i* 1 1 

Jlp?l •/ 

/ / 

/ // 

/ • \\N 

/ *2n \\ 


In writing these equations the stator resistance will 
he disregarded. This.leads to many simplifications 
which are impossible if it is included. 

The positive secondary current is 


Ep = 

J 2 pp -f" J 2 pi% 

(20) 


Eip K Ein 


12p ~ 

Zi + Zi 

(21) 


where K is the ratio of the 


negatively rotating vector 


W11CIC A A. J.O ULJLC Ul ... -t J J- i 

• positively rotating vector 

* 

given by equation (14). 

Magnitude of I 2 vn Magnitude of I 2 „„ 


Actually K = 


Magnitude of Em Magnitude of / 2 „ p 
Magnitude of I 2nn ~ Magnitude of I 2j)p 


+ K EE 
SZ*A 


(r 2s ^ j Xi) 


m. 10— Motor Vector Diagram at Standstill with 
Partial Polyphase Rotor Circuit 

Dotted lines represent negatively rotating vectors. 


generates a^fegative induced voltage E in in the damper 
bars which .again sqts up two current vectors. The 
larger of these in this case is the negatively rotating 
vector which'is I 2nn and lags behind E in by the phase 
angle of . the damper bars. The other is I 2p „ which is 
the positively rotating vector and lies along the reflec¬ 
tion of I inn about the y axis. 

The total positive m. m. f. in the rotor is represented 
by liv and is the sum of J 2pp and Ep »• Similarly, the 
total negative m. m. f. in the rotor is J 2 „ and is the *suga 
of I inn and J 2np» • • 

The positive m. m. f. in the stator is the sum of. 

3. It is easier, in describing the diagram, to forget about the 
field winding. Its effect is discussed later. The diagram is 
perfectly general, applying to any machine with a partial 
polyphase rotor of any type. 

4. Izpp is read as follows: Secondary current positively 
rotating produced by the positively rotating induced voltage. 
The 2 means secondary. The first p means positively rotating 
and the last p means due to the positive induced voltage. 


where r 2 , = —g~ and Z it 2 = x 2 2 + r 2) 2 

The positive magnetizing current is 
• , _ ■, 

0 -L 00 p — ) 000 Q 

• 

The 5 enters^n the denominator because E ip was taken 
as the voltage induced in the rotor bars, not in the 
stator. 

./ip — —*Ii j> + loop 


Ep^^zf* [f2s “ (x2 + ] ~~sz^ (r2 *r * Xj) 


5. It is, of course, not entirely correct to represent the 
magnetizing current by a simple vector on account of the non¬ 
uniformity of the air-gap in a synchronous motor. To take care 
of this correctly would probably involve the introduction of 
harmonics of higher order than fundamental. The error Is 
probably not large, although it is a fact that the magnetizing 
admittance in a synchronous machine is large, the exciting 
current usually being greater than the normal full load current 
of the machine. Possibly this point is worthy of further study 
and investigation. 


• • 
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" inversely proportional to the frequency; and that 600 

r r t, 7 2 4. a t t is given per unit* volt in the stator while E in is the 

?Z 2 . 2 [ 2 + booZ *’ ’ +J ' . voltage generated in the rotor bars. Since the negative 

flux actually moves backward on the rotor at a speed S\ 
K Ej n Xi , . . _ •, (2A) while the rotor moves forward at a speed (1 — jS 1 ), 

SZ ia * m 3 the negative flux really cuts the stater at a frequency oi 

12 S- 1), while it cuts the rotor bars at a frequency S, 

The exciting admittance in the stator for this negative 
_ ~ i j 2 , • * fluxis^hen • 


r 2> ) since it is inversely proportional to the frequency ani 

. / 25-1 \ „ 

(25) the voltage induced in the stator is y- g JE in . 

The stator negative current is 


where 


Similarly for the negative current, 
_ . Ein 4- K E ip 


The negative magnetizing current is 


o* = 3 °oo y^ (2 S - 1) ' S /' 

To understand this equation clearly it must # be 


Equating (29) and (30), reducing and solvihg for E 
gives: 


where • 

Y = + J r *‘ 

Substituting (31) in (25) and putting.^ + j n. = 
All gives: . 

• r (V + .bz 2 , 2 ) 2 -A 2 Y 2 1 j 

# “ s z u * L Y + k Zii J 

remembered that this magnetizing current is assumed^to I» Appendix I,*i« is shown that the numerical vs 
flow in the stator 6 ; that the magnetizing admittance is c ft the bracket is: 

6. This assumption is not necessary. The point of view 
could be taken that the negative magnetizing current flows in 
the rotor and precisely the same result reached. Actually, the 
negative magnetizing current does flow in the rotor bars as can 
be seen from either diagram, Fig. 10 or Fig. 11. It will he noted 
that lin is larger than / 1 «, which simply means that since the 
negative m. m. f. in the rotor is greater than that in the stator, 
it must supply the magnetization. Of course, just the opposite 
is true of the positive m. m. £s. / i p is always greater than/ 2 p so 

... ... ' .« • _' - _: — A ^ 


^l—]y[oTOR Vector Diagram at Standstill, 
Vectors Rotating Positively in the Diagram 

Vector equations are based 6n this diagram. 


where _ ^ 

2 = VI +2B*,4 B 2 Z 2 . 2 

Substituting (33) for the bracket in (32) . and 
Ei V zero vector, (32) may be solved for the 
induced voltage. 











From (31) 
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_ & Zja % _ * 

Xi V (z 2 — K 2 ) 2 - {2K B r u ) 2 


• • # 

By differentiating this expression with respect 

(34) slip, it is easily seen th*at maximum torque occurs at 

* • 


The positive torque which is due tothejpositive Auxin • 

the gap reacting on the positive current in therotorharsis 
• , • 

_ Eip , , n T 


B r <i 

2 + B x$ 


Ei P + K Ein — y ByZi 

Substituting (36) in (22) gives: 

Eip tV (1 — K 2 ) + B Z$? ~\ 
= L v + BZ,:- -I 


X real part of 1 2 


V (l _ K 2 ) +BZ 2 


'] (r 2s - j x 2 ) (37) 


Now, the rationalizing factor in the denominator is 
x 2 + B Z 2a 2 — j r 2s , so that Jhe problem of Anding the 
real part of J 2p resolves itself into that of Anding the 
real part of * * 

(X 2 “l - R Z la Tie) [X 2 “j” B Z 2 2 + 3 ^2* 

— K 2 (X 2 + j r 2 ,) ] (r2« — 3 £ 2 ) (38) 

Multiplying this out an£ reducing the real part is 
found to be 

Z u >ri a [z*-K* (± + 2Bxi)} (39) 

The real part of I 2p is, therefore, 


E ip r 2s 

I ip (real part only) = 


K 2 (1+ 2 B *,)] 


Substituting in (35) gives the positive torque, 

+ ' (4,) 

Substituting (34) in (41) and reducing*gives, 

_ E? [ (z 2 — K 2 ) - 2if 2 B ^2] _ 

Tp ~ x ! 2 r2 ' '[ (z 2 -Z 2 ) 2 + (2£if r 2 „) 2 ] 1 : 

In this formula, 

~ z 2 = 1 + 2 Bx 2 + B 2 Z 2 2 

and * x 

. B = ~ + 600 

#1 

• 

This is the torque of the motor produced by the 
positively rotating Aux in the gap and by the positive 
current in the rotor bars. On the assumption of no 
stator resistance this is the total motor torque, since if 
there is no stator resistance there js no component of 
I 2n in phase with E in . (See vector diagram Fig. 10). 
In other words, there is no current in time phase with 
the negatively rotating Aux in the gap, so there can be 
no torque due to this Aux. 

If in (42) K is put equal to 1 for the case of a single 
phase rotor circuit, the torque is 

7 * 2 ® . ... 

T = K 1 2 lB 2 r2. 2 + (2+Ba: 2 )M ( < 


£ 35 ) and the maximum torque is 


• lmax - ~ B Xi 2 (2 + 5 x 2 ) 

Formulas (44) and (45) are useful in studying the con 
ditions at pull-in as will be seen later. 

By substituting the numerical values of the several 
qpnstants of the machine in equation (42) for different 
values of slip, a speed torque curve could be made for 
the case of open field circuit. This is of little practical 
value as machines are almost never started with the 
Aeld open and even if they are started with the Aeld 
open, it is usually closed before* the motor reaches the 
pull-in point. This is necessary because a motor has 
very little pull-in torque with open Aeld. Hence, it is 
necessary, before one can make a speed torque curve 
with closed Aeld circuit, to study the effect of closing the 
Aeld circuit on the other constants of the machine. 

The tfalance of the paper, which is too long for 
JouRNAlf publication, consists of Part IV, The Effect 
of *Field- Winding on the Characteristics of the Rotor 
Circuit; Part V, The Speed-Torque Curve—Pull-in 
Torque and Inrush; Part VI, Characteristics of Double 
Squirrel-Cage Windings in Salient Pole Synchronous 
Motors; and Part VII, Possibilities of External Damper 
Bar Cirau.it. There are two appendixes, the Arst 
deducing the numerical Value of the.vector equations 
derived in Part III, and the second, on Resistance a*nd 
Reactance of an Inverted T- or L-Shaped Damper Bar. 

Complete copies of the paper are available in pam¬ 
phlet. form, and will be furnished free of charge to 
anyone interested, on request. 


HUGE RADIO TUBE IS BUILT LIKE A 
BRIDGE 

Real horse power, and a good deal of it, is required 
for radio broadcasting nowadays. One of the largest 
vacuum power tubes used by a sending station, 
rated at 100 kilowatts—is 7M ft- high ancj. thicker 
than a man’s arm. The grid alone is 3 ft. 5 in. long 
and is supported within its glass housing and tubular 
copper envelope by bracing resembling that of a steel, 
bridge. To heat the "filament requires 11 h. p. of 
electrical energy. The high-frequency output of the 
gigantic tube is enough to light 2500 lamps of 40-watt 
capacity. Such a huge tube, when in operation, is 
cooled by a water jacket.— Elec. Dev., 6-5-27. 






HH 


A 21,000-Kv-A-. Automatic S.ubstation 

BY D. W. ELLYSON 1 


'Member, A. I. E. E. 


Synopsis . —The present practise in the design of distribution summary of the apparatus and control equipment , general scheme 
substations shows a tendency towards the more extensive use of of operation , together with floor plans of the building , 'one-line 
automatically controlled equipment to replace the older manually - diagrams illustrating the operation t and a vifw of a portion of the 
operated type. This paper is of interest therefore as an example of single-phase regulator equipment. It also includes a summary 
the type of equipment used by one company, and also for some of the showing the total kv-a. capacity of apparatus that is automatically 
*reasons why this type was decided upon. The paper includes % a • controlled. • 


• Introduction - Modern practise in the design of automatic 

T HE subject of automatically controlled equipment substations for serving residential districts is ex- 
is beco ming of greater interest each year, due not emplified in the 21,000-kv-a. substation of the Kan- 
only to the success obtained jn the operation of sas City Power & Light Company. This station, 
many such equipments, but also‘to the better designed known as Substation E, is located at «• 31st & Cherry 
and built equipment that may be purchased at the Streets, Kansas City, Missouri, and furnishes 2540/ 
present time. This company has Bad an extensive and 4400Y-volt, three-phase, fpur-wire power for a residen- 
-varied experience with automatically controlled equip- tial district, with comparatively little motor load, 
ment, both d-c. and a-c. systems. It is operating an When first installed, the power was supplied chiefly 
entire Edison, three-wire system with automatically to private homes, there. being comparatively few 
controlled equipment and without the use of a standby apartments and stores. In rlcent years there have been 
storage battery, a number of city stations with 13,200- a great number of apartments and hotels and a con- 
volt incoming feeders and 2300,/4400-volt outgoing siderable number of stores built in this district, so that 
circuits, and also some outdoor transformer substations the load has become heavily concentrated, 
with reclosing oil circuit breakers. Many, different During the winter of 1922 and 1923 the load reached 
types of equipment are in use, and they have all opera- a value where it was necessary to consider either in-; 
ted successfully. creasing the capacity of the present substation or 

The chief element of interest in the substation d*e- building a new substation in some other locality to take 
• scribed in the following article is in this company’s care of part of the load. Ip was finally decided to 
method of handling the 2300/4400-volt load, and the increase the capacity of the existing station, as it was 
automatic features required to take care of |hese con- felt that the additional expense that would be required 
ditions. The 2300/4400-volt bus is so arranged that, for a new station was unwarranted.. 
by means of bus tie oil circuit breakers, it can be After this decision had been reached, the question 
handled as one, two or three sections, depending upon arose as to whether the station should be left manually 
the station load. A separate transformer bank is operated or whether it should be equipped with auto- 
used to feed each section of the bus* so that in case of matic control. In determining the type of control, a 
light load the three sections are tied together and fed comparison of the interest and depreciation of the 
from one bank, while as the load increases a seaond bank increased cost of the automatic control was checked 
is cut in and the bus split into two sections, and upon * against the cost of the station operators and*Gie reliabil- 
, still further increase in load, the third bank is cut in* ity of service was considered also. . From a standpoint 
and the bus is split into three sections. As the load of cost, the automatic control proved more economical 
decreases the busses are tied together and the tr ans - than the manually operated, and from the success which 
former banks are cut out. By splitting the busses, the the company obtained from two other automatically 
amount of power that can be fed from the power house controlled substations that had been in service since the 
into a fault in or beyond*the substation is limited. middle of 1922, it wa*s decided that better service would 

The method of operation of this station has proven so be rendered to the customer‘with the automatically 
successful that it was decided to use‘a similar scheme for controlled # than with the manually operated substation, 
controlling the last two manually operated substations. Order was placed, therefore, for an additional 
and this equipment is being installed at the present transformer bank and for automatic equipment to 
• time. Upon the completion of this work, the entire control both the liigh- and low-voltage transformer oil 
2300/4400-volt city load will be handled by automati- circuit breakers and the outgoing 2540/4400Y, three- 
cally controlled equipment, and Kansas City will then Phase, four-wire circuits. 
be truly au tomatic. Station Equipment 

l. Kansas City Power & Light Co.. Kansas City, Mo. There are four transformer banks as follows: 

Presented at the Regional Meeting of District No. 7, of the Line I 1 — 7500-kv-a., three-phase, 60-cycle, 13,200- 

A. l.E. E., Kansas City, Mo., March 17-18, 1927 . volt transformer. 
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* • . 

Line II 1—7500-kv-a., three-phase, 60-cycle, 13,200- 
volt transformer. • 

Line IIL 2—3000-kv-a., three-phase, 60-cycle, 13,200- 
volt transformers. _ * 

Line IV 2—3000-kv-a.-, three-phase, 60-cycle, 13,200- 
volt transformers'. « 

“Distribution Circuits” * 

20—200-ampere, »2540/4400Y-volt, three- 
phase, four-wire outgoing circuits, of a total 
of 60 single-phase circuits. 

1—200-ampere, 2540/4400Y-volt, three-, 

phase, four-wire, street lighting circuit, 
total of three single-phase. 

1—200-ampere, 2540/4400Y-volt, three- 

phase, four-wire, transfer circuit, total of 
three single-phase. 

Fig. 1 is a plan of the first floor, showing the location 
of the three 2540/4400-volt ’busses and the 4400-volt 
oil circuit breakers. It will be noted that the trans- 



When there is a change in operating conditions, a 
system of relays operate and start a motor driven master 
.switch to rotating, which in turn makes a series of con 
tacts in the proper order to close or open the necessary 
oil circuit breakers. 

The general scheme of operation Is that there are 
three normal (Lines I, II & III) and one emergency 
(Line IV), 13,200-volt, three-phase, 60-cycle incoming, 
feeders, each feeding a separate bank of transformers. 


13200V. Oil Circuit BreaKen 


•Djojoro|a|o|a 

Future Regulators 


13200 V. lncomlng.Lines (Cable) Dislribuloi 

North Bus 4400V.-2540\._ ® 


H Transformer! 

—n -^7-EX3XS2I- Banks 1 

U ,l Kw _ 4400/2540V. _ - 

Signal frans.* Outgoing cfrcuits te a!? , 


East Bus 4400V.-2540V. 


|_ l | Single Pole Oil C'rt, Bkrs. T f e fc eSk^j fu ’ t ' jre: _j 

c l . “ 

cnj o **--4400/2540 V. Outgoing Cireuiti 

£ o South Bus 4400 V.*254QV. _ East Bus 4400 V.-2S40V: 

T -“I I Single Pole Oil Crt. B'krs. uTkJrans.l Smq Q*| P ^ 8k ^ j 


f --1 5 Kv-a. H 4400/2540V. ^ 

Coal Bin Trans. Fu Outgoing Ci rcuits| 5000 Kv-s 


• • * 

Fig. 1—First Floor* Plan op Automatic Substation “E”, 
Kansas City Power & Light Gte. 

• 

formers are installed out of doors. Fig. 2 is the second 
floor plan, showing location of the 13,200-volt breakers,. 
single-phase regulators and switchboard panels. Fig. 3 
shows the method of installing the single-phase induc¬ 
tion regulators with concrete barriers, and some of the 
panels for the reclosing oil circuit breaker equipment. 

Automatic Equipment for Switching Transformers 
Fig. 4 is a single-line diagram of the incoming 13,200- 
volt feeders, transformer banks, high- and low-voltage 
oil circuit breakers, and the 2540/4400Y-volt, busses. 

Lines I, II, III, refer to the three 13,200-volt incoming 
feeders and their transformer banks, and are the normal 
operating lines. Line IV and its transformer is usad 
for emergency service only to take the place of a ^afele 
or transformer bank that has failed or is out of service. 

It is also to be noted that the transformers are 
connected in parallel on the low-voltage side only 
during the time necessary to perform the proper switch¬ 
ing to take care of the change in operating conditions. 
In other words the 4400/2540-volt bus is operated in 
one, two, or three sections, depending upon whether 
one, two, or three transformers are in service. 


tD|o|o|o|o|m(al [□jn|o|D|D[o[a1afo| 

Single Phase Induction Regulators 

taialDliJinlPlDl 
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.Fig. 2—Second Floor Plan of Automatic Substation “E’\ 
Kansas City Power & Light Co. 

Lines I, II & III, with their corresponding trans¬ 
former banks, are used for normal operation, the number 
of transformers cut into service being dependent upon 
the load cfemand. Line IV and its transformer bank is 
used for emergency service to take the place of one or 
more normal lines (or transformer banks) that are in 
trouble or out of service. 

. Normal Operation 

Fig. 4 (Nos. 1,2 & 3) show the three normal operating 
conditions^ follows: 

1. Light Load.—One. transformer.only required. 



Fig. 3—Section op Single-Phase Regulators and Pane! for 
Reclosing Oil Circuit Breaker Equipment 

The three sections of the 2540/4400-volt bus are tied 
together and fed by Line I. 

2. Increased Load—Two transformers required. 
Line I feeding bus 1, busses 2 and 3 tied together and 
fed by Line II. 

3. Heavy Load.—Three transformers required. 
Line I feeds bus 1, Line II feeds bus 2, and Line III 
feeds bus 3. 

Relays connected to current transformers giving total 
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the corresponding transformer bank, and a suitable 
system* of relays *will start the necessary switching 
operations* to connect in the Emergency Line IV to 
pick up the toad of the line or lines that have failed. 

Upon the restoration.of voltage to the line that has 
fajled, this line is automatically cut hack into service 
^nd the emergency line taken out. 

For control of 25AO/HOOY-volt outgoing circuits. 
Each single-phase circuit Is equipped with an overload 
relay that will trip its breaker in case of overload or 
short circuit, and automatic equipment will reclose the 
breaker after a predetermined time delay. If the 
breaker should trip three times within a certain time 
interval, then it is locked out and prevented from 
further reclosing until an inspector has reached the 
station and reset the lockout device by hand. In 
other words, when a breaker trips from overload or 
short circuit, it is closed.back on the line three times, 
and then if it trips again ife is locked open. 

Operating Experience - 

n 4 "‘ ,n 

This station was placed*in automatic service in Jan- ; 
uary 1924, and has given excellent service since that 
date. There have been three cases! where there have 
been momentary interruptions of service, lasting from 
5 to 15 seconds, due to failure of some of the automatic 
equipment. The cause of these interruptions have been 
determined and measures taken to prevent a recurrence. 

The operation of both the transformer switching 
for the transformer banks and also the reclosing features 
of the outgoing circuits has been so successful that at 
the present time the company is equipping the two 
remaining manually operated city substations with 
automatic control, so .that by the early part of 1927 
all of the 2540/4400Y-volt city loacl as well as the d-c. 
Edison system will be handled by automatically con¬ 
trolled equipment. ' 

In conclusion, it might be* of interest to note that this 
company has in service or under construction the 
following automatically controlled substations: 

5 D-c. Edison substations.’ . 17,400 kv-a. 

7 A-c. indoor substations with 
4400/ 2540Y-volt distribution.. . 105,400 kv-a. 

* 9 A-c. .outdoor substations with re¬ 
closing oil circuit breakers.. 9,100 kv-a. 

TOTAL 131,900 kv-a. 


I I n I 13200 V. Lines 
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ad J^EW CEMENT RESISTS ACID 

• • 

« A new form of cement has been developed by 
’or British firm and is reported upon by the Departmenl 
ys Commerce. This plastic material resists acid and 
ise. therefore valuable for use in constructing chimne 
tre sewer pipes, culverts, storage tanks, etc. 
m- The process is patented in the United States and il 
ip contemplated that it ’will be manufactured here in' 
near future. A description of the product in cc 
ill plete detail can be obtained from the Chemical Divisi 
of Department of Commerce by request. 











• • Electricity in the-Drilling of Oil Wells .. 

BY L. J. MURPHY 1 
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Synopsis . —As in other industries, electricity has taken the lead 
in the 'petroleum industry in putting the drilling of oil wells on an 
engineering basis at^jl as a result of numerous installations it (MU be 
said that oil companies in general at the present time have a wry 
receptive attitude toward electric drilling. r Satisfied drillers, easy / 


Cable-Tool Drilling 

HERE are two forms of drilling practise in commoff 
use in the United States today, i. e., cable-tool 
and rotary. The cable-tool or percussion system 
was the original method and is the one most extensively 
employed at the present time. It is used exclusively 
in the Pennsylvania, Ohio, Illinois and Kentucky fields 
and to a very large extent* in the mid-continent and 

western fields. / 

In drilling,with this system, the drilling tools are 
suspended from a steel cajjle or manila rope and moved 
in an up-afld-down motion with the speed of the walk¬ 
ing beam, which supports .the tools, corresponding to 
the natutal period of the string of tools. Naturally 
this period becomes greater as the depth of the hole 
increases and, in order to obtain maximum drilling 
speed, the motor driving the rig must be capable of very 
delicate adjustment over quite a wide range of speed. 
It can be seen readily that this method is better adapted 
to hard solid formations than to soft formations on 
5 account of the faet that repeated jarring of the earth will 
loosen soft structures and cause cave-ins which necessi¬ 
tate fishing jobs and no end o£ trouble. 

There are four principal operations iij the drilling of 
= oil wells, by the cable-tool system, namely, spudding-in, 
drilling, hoisting tools, and bailing, each operation 
necessitating distinct requirements of the electrical 
equipment operating the rig. 

The “spudding” operation, consists of raising the 
drilling tools through a vertical distance of three or four 
ft. and allowing them to fall. The operation is accom¬ 
plished by -means of a jerk line one end of which is 
attached to the crank on the band wheel and the ©ther 
end through a sliding shoe to the cable which supports 
the drilling tools. The tools are supported usually by a 
steel or manila cable which passes over a sheave wheel 
on top of the derrick and then is spooled on a hoisting 
drum or bull wheel. The tools are fed downward by 
releasing the brake on the bull wheel. Near the top 
of the hole the band wheel is operated at a speed of 
42 to 45 rev. per min. to give most satisfactory opera¬ 
tion and the speed must be very closely controllable. 
This operation requires approximately 30 to 40 h. p. 

1. General Engineering Department, Westingbouse Electric 
and Mfg. Company, East Pittsburgh, Pa. 

Presented at the Regional Meeting of District No. 7 of the 
A . I. E: E. t Kansas City , Mo., March 17 and lb, 1Q27. 


operation, low maintenance, low power Mils, fewer shut downs, per¬ 
fect motion, faster drilling, heavier pulling, no stand-by losses all 
these f actors have contributed to make electricity the coming accepted 
standard by which all other forms.of oil-well drilling will be judged. 

■ * * * * * : ; 'I;//:/-/ 

. • 


After a 200- to 400-ft. length of hole has been drilled 
by the spudding operation the remainder of the drilling, 
is done on the beam. Drilling on the beam requires that 
£he speed of the driving motor or motors be very closely 
regulated and thqt the motors have relatively small 
fly-wheel effect in order to permit rapid variation in 
speed in response to variations in torque throughout 
the drilling cycle. *The range of speed throughout the 
drilling of a well runs from 40 to 45 strokes per min. at 
the top of the hole down to as low as 14 to 20 strokes 
per min. at the bottom. 

The average speed of the drilling equipment must be 
adjustable at all times to correspond exactly to the 



Pig. i—P ower Requirements for Oil "Well Drilling by 
• the Cable-Tool Method 

• 

natural pesiod of the drilling tools and drilling line, if 
maximum progress is to be obtained. If the speed of 
the drilling tool is set too low, the bit does not strike a 
sharp blow and the progress is slow, while if the speed is 
set too fast, excessively high stresses are set up in the 
drilling cable, drilling is slow &nd fishing jobs are to be 
expected.. * 

The horse power required will be found to vary but in 
general it can be said to decrease somewhat as the depth 
increases. If the hole is free of water, the horse power 
required to swing the tools will be comparatively light* 
the beam will operate at a larger number of strokes and 
the drilling will progress faster than if water in appre¬ 
ciable quantity is encountered in the hole. 

Fig. 1 is a curve showing how the horse power output 
of the motor varies with the depth of the well. As no 
two wells are exactly alike and as conditions will vary 




Fig. 2 Typical Graphic Chart Showing Various Operations in Cable-Tool Drilling 


■MmS 

128\W 

'•VI® 

V 

i \ 1 









3-§\ 


H 




n 

V— 

oo 

— yb 

KW. 

r~ 



m 


nr i 

asBaiMiw 


H 

!■ 

•r 

64 

KW. 

;=4 

nfi 


la 

_ 








807 


Aug. 1927. MURPHY: ELECTRICITY IN THE DRILLING OF OIL WELLS 


• * • 

therefore little power is lost in* secondary resistance. 
Fig. 3 shows an installation of thi% hind. 

Fig. 4 shows a typical power curve fof cable-tool . 
drilling in the mid-continent field and indicates that the 
total power consumed tends £o increase slightly faster 
than the increase in depth, due, no doubt, to the greater 
power consumption in the hoisting and bailing op¬ 
erations. 

. • 

Rotary Drilling 

In certain sections of the country where the forma¬ 
tions are, for the most part, of unconsolidated material^ 



Fig. 3 —Installation of two 15/35-H. F. Pumping Motors 
for Cable-Tool Drilling 

such as* sand, gravel and boulders, considerable diffi¬ 
culty was encountered in endeavoring to apply the 
cable-tool system as the jarring of the tools would 
loosen the earth and cause cave-ins with resulting 
fishing jolos. To handle these-formations successfully, 
the rotary system of drilling was developed* 

In this system a*hollow drill pipe with»a suitable bit, 
usually shaped like a fish tail, fastened to the bottom 
of it, is rotated at a speed of 60 to 90 rev. per min. and 
gradually fed downward.* At the same time plunger, 
p um ps force mud down through the drill pipe, through 
two small i»les or eyes in the bit, and up on the outside 
of the drill pipe. The combination of the scraping 
action of the bit with the jetting action of the mud 
through the-holes, actually drills the well, hut in addi¬ 
tion to assisting in drilling the mud functions alsb to 
carry the cuttings continuously to the surface. The 
high hydrostatic head forces this mud into the soft 
formations and the rotating pipe trowels it into place 
and thus the walls of the hole are built up rather solidly. 
The amount of easing required "with this‘system is 
thereby reduced to a minimum. * 

The equipment involved in an electrically-driven 
rotary drilling rig consists essentially of a motor, a 
suitable single reduction gear unit, a draw works, a 
rotary table, and two motor-driven mud pumps. The 
draw works comprises a line shaft chain-driven from the 
gear unit and a drum shaft on which is mounted a 
hoisting drum so arranged with a number of sprockets 
and jaw clutches, chain-driven from the line shaft, that 


• • 

two-or three hoisting^ speeds can be obtained.' Th^ 

rotary table is also chain-driven from the line shaft 
with a jaw clutch on the latter whereby the rotary 
table can be disengaged at any time. ’ * 

The operation to be performed in rotary drilling may 
be segregated into three distinct, classes: drilling, 
hoisting and lowering drill pipe, and circulating, each 
requiring certain fundamental features in the design of 
tjie electrical equipment. The drilling operation re-* 
quires from 30 to 100 kw., depending on the depth, 
size of hole, and the formation, and, as mentioned 
previously, the table speed ranges normally from 60 to 
90 rev. per min., although under some conditions this * 
speed may be as low as 30 rev. per min. Certain 
formations require as high as 100 kw. at a speed of 70 
rev. per min. which is probably the worst condition 
encountered, while in other formations the most 
satisfactory progress of the bit will occur at 90 rev. per 
min. with loads as light as 30 kw. When special types 
of rock bits are employed, the speed of rotation of the 
drill pipe will be as low as 30 rev. per min. and the power 
drawn from the line will seldom exceed 30 kw. Thus it 
can be seen readily that the ranges of power and speed 
for satisfactory penetration of the bit vary considerably 
with the formations and the location. 

There is still another feature to take into considera¬ 
tion and ‘that is the ultimate torsional strength of the 
drill pipe. With the necessity for excessively high 
toTques in hoisting, as will be described later, it is found 



Fig. 4—Typical Curve of Power Consumption of a Well 
Drilled in Kansas by the Cable-Tool System 

• 

highly desirable when drilling to insert a certain amount 
of permanent resistance in the secondary circuit of the 
motor which will not only limit the maximum strain 
that can be applied to the drill pipe but which will also 
give the motor a drooping speed-torque characteristic. 
This drooping characteristic offers a cushioning effect ^ 
between the motor and the drill pipe, a feature particu¬ 
larly desirable when drilling through boulders or hard 
shells where the equipment is frequently subjected to 
very severe shocks. 

After drilling has progressed for four or five hour s,the 
bit has usually become dull and out of gage and .it is 
therefore necessary to replace it with a fresh bit. To 
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11 the djrill pipe from the hole required by fridtion, the weight of the blocks and on* 
the derrick in "fourbels” or stand of pipe. • . 

igths. As the well becomes # After the-worn bit has been replaced, the pipe is put 
quires an ever increasing per- * back in the hole, and during this operation very little 
e and as a result it is highly work is required of the motor other than lifting the 85-ft. 
ment which will take care of sections into place for coupling together and running: 
3 for short periods of time in the*blocks up light to the top of the d<;rrick. 
ie drill pipe as possible can be ‘Circulating is an operation in which the drill pipe is 
cords show that when handling ‘held off bottom and rotated very slowly at a speed 

seldom Exceeding 15 ‘rev. per min. The purpose of 
, circulating is to allow the pump to'force mud through 
.the drill pipe and build up the walls of the hole. Sine*: 
the load is exceptionally light and the speed extremely 
low, a considerable amount of secondary resistance is 
required to accomplish the desired results. Rotating 
the drill pipe at too high a speed in this operation will 
ca.use the bit to become out of gage. 

For extremely shallow wells it has been found that a 
15/35-h. p., two-speed pun^ping motor has sufficient 
capacity to do the work, bit for the average wells a 
100-h. p. or 125-h. p. motor is required, with the possi¬ 
bility of utilizing a 75-h. p.*«iotor on moderately light 
wells in some territories where oil is reached at a depth 
not in excess of 3000 ft. it is interesting to note that 
the deepest well in the world, 8046 ft. deep, was recently 
completed in California and electric motors were used 
throughout, both for driving the drilling machinery 
and for operating the mud pumps. 

3500 ft. of 6-in. diameter drill pipe, representing Fig. 6 is a typical graphic chart showing the load on 
approximately 42 tons, the hoisting loads are as high a 100-h. p. drilling motor for the various operations, 
as 300 h. p. but inasmuch as the load lasts only for a The power consumption per foot of hole will vary 
period of 40 to 50 sec., this load can be handled very considerably with the location,-with the ultimate depth, 
conveniently by a 100-h. p. motor, providing the motor and with the diameter of the hole.. In the Gulf Coast 
hes been designed with ample-pull-out torque. After district for wells around*850 to 950 ff. deep, thekw-hr.- 
hoisting the entire string of drill' pipe approximately per-ft.-range ffom 1.5 to 4 with an average around 2.5, 


Fio. 5 —Installation op 100-H. P. Rotary‘Drilling 
Equipment Showing Relative Location op Motqk, Control.. 
Gear Unit and Draw Works . 


Fig. 6 Graphic Wattmeter Chart op 100-H. P. Rotary IJrilling Equipment Operating at a Depth of 2730 Ft. 

85 ft., one stand or fourbel is 
the derrick, the elevators are 1 
on the drill pipe, and the hoii 
Thus there is an interval of ab 
motor is required to do little 
eeeding hoisting operation mea 
«atil, when the last length of 
hole, the load is a minimum. 


Deeper wells in this same territory require from 8 to 
14 kw-hr. per ft. with an average of 9.5, the great: 
increase over the shallower wells being due primarily 
to the larger diameter hole, the harder formations at 
the greater depths, the high power consumption during 
hoisting, and the extra horse power to maintain mud 
circulation at the greater depths. In the California 
fields, for 3500- to 4000-ft. wells, the power consump- 
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tion runs as high as 25 kw-hr. per ft., although, with the 
general adoption of more efficient .bits, this figure has 
been reduced considerably. It is therefore* apparent 
that no definite figures can be given as to the power 
consumption for various depths of hole as conditions 
vary in different fields and even in the same field the 
formation varies tfra great extent. . 

Automatic Rotary Drilling 
A large proportion of the difficulties in rotary drilling 
are fundamentally caused by improper feed of the drill. 


Drilling 


Motor 




notary 

Table 
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Fig. 7—Schematic Diagram Showing Principle of Opera¬ 
tion of the Hild Differential Drive for Automatic 
Rotary Drilling 

W'% SPEED (REV. PER MIN.) OF DIFFERENT PARTS OF 
AUTOMATIC DRMjLER 


Operation , * 

• 

Reg. motor 

Differential 

•Drilling motor 

Drilling, no pro¬ 
gress .. 

1000 Forward 
990 Forward 
990 Forward 
990 Forward 
> 1000 Forward 

. o 

5 Down 

2 Down 

45 Up 

1000 Up 

1000 Forward 
1000 Forward 
996 Forward 
900 Forward 
1000 Reverse 

Drilling progress. 
Drilling progress. 
Retrieval. 

Hoisting.w 


Thd fundamental principle of the Hild Differential •. 
Driveisthatthe downward feed of the drjll pipe is varied 
Recording to the power required to revolve the bit on 
bottom. This relationship between'the feed and tlie 
power required for drilling is not only adjustable but is 
fixed for any given adjustment due*to the inherent 
characteristics of induction motors and the principle 
of the differential gear drive. In operation, if the 
•formation changes so that the load on the drill pipe 
increases, the downward progress of the drill pipe is 
automatically retarded. Thus the device not only 
..tends to keep the load on the drill pipe constant for any" # 
given setting but also tends to hold the pipe on bottom 
at all times and at a constant pressure. Furthermore, 
if the load on the drill pipe suddenly becomes excessive, 
as would be the case in 'encountering boulders, the drill 
pipe is raised until the bit is free of the obstruction, after 
which downward progress is again resumed. 

Briefly, the equipment makes -use of a differential 
gear unit and two motors. The drilling motor drives 
one-half of the differential, and also the rotary table, 
direct through gears and chains; while the regulating 
motor is connected to the other half of the differential. 
The hoist drum is connected to the central portion or 
floating pa»t of the differential gear unit. 

Referring «to Fig. 7, it will be seen that if the two 
motors are rotating in opposite directions as indicated 
by .the arrows, with the drilling motor having the 
slightly higher speed, there will be a slight downward 
fedd of the bit. Now if the load on the drill pipe 
increases, the increase is reflected in a slowing down of 


The feed is in the hands of an individual operator and 
the regulation"of proper feed depends upon the personal 
equation of this individual, his judgment, his experience, 
his desire to do good work, etc. Errors of the individual 
are responsible for many.such accidents as twist-offs, 
balled bits, and crooked holes. If the feed of the bit 
could he made scientifically proportional to ^he resis¬ 
tance it encounters, and if this feed could he cared* for 
automatically and independent of any personal equa¬ 
tion, many of the accidents and errors due to incorrect 
drill feed would be eliminated, the speed of drilling 
would be increased, delays would be decreased, and 
costs would be reduced. The Hild Differential Drive 
. was developed with this idea of providing a scientifically 
regulated feed for the drill bit in the place of haphaz¬ 
ard man ua l feed dictated by personal judgment and 
inclination. 


Fig. 8—Installation of Hild Differential Drive for 
Automatic Ro^art Drilling 

• 

the drilling motor and a resultant decrease in the rate 
of feed. If the speed of the drilling motor is reduced 
below the speed of the regulating motor, the feed 
reverses and the bit is raised off bottom. Thus the 
device tends to maintain a constant predetermined 
pressure of the bit on bottom, at the same time limiting 
the torsional stresses in the drill pipe. By reversing 
the drilling motor, the equipment is used for hoisting 
with the maximum power of both motors available. 
Fig. 8 shows an installation of this type of drive. 

In the operation of this equipment, the drilling, the 
hoisting and the other minor operations are all per- 


* * 
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lanner. as with the hand-fed hoisting load* is divided evenly between the 

machine s. A comparison of the charts in Fig. 9 t 
two typical parallel graphic those in Fig. 6 demonstrates conclusively the ad's 
siting the loads on the drilling* tages of the automatic feeding of the bit over the hs 
•hen drilling at depths of 1460 fed method, both from an economic and from 


Fig. 9—Parallel Graphic Wattmeter Charts of Load on Drilling and Regulating Motors 

• Upper—Drilling motor * 

» ' *. Lower—Regulating motor r 

. • * r 

Note the comparison between the loads for automatic drilling and hang fed drilling as shown in Fig. 6 


engineering standpoint. The absence of peaks durj 
the drilling operation with the automatic feed lessens 1 
strains in the equipment as well as in the drill pipe S 
the steady uniform load insures that the bitis on bott 
the maximum possible portion of the time, result 
naturally in much faster drilling. * 

Fig. 10 shows how the total power consumpt 
varies with the depth of the hole in the drilling © 
3700-ft. well in the California fields with the H 
Differential Drive. Tt will be noticed that in this parti 
lar case the power consumption amounted to 1 
kw-hr. per ft., while for other wells in the same U 
using thfe same driVe the consumption has run as 1 
3s 6.6 kw-hr. per ft. The general shape of the cu: 
appears to be a slight modification of a parab 
which differs from the shape of the curve for w 
drilled by the cable-tool method as shown in Fig. 4 
The past three years have demonstrated the succ 
of the automatic drive and, in the opinion of quite a J 
operating men, this drive constitutes the great 
advance in the art of oil-well drilling since the adv 
of the rotary system. 
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Everywhere in the oil fielcfs, the operator is in a very 

receptive mood towards electrification as a result of the 
success of the pumping and drilling drives. The possi¬ 
bilities are unlimited, especially when it is considered 
that the industry is at the present time less than 10 
per cent electrified and the central stations have only 


just recently realized the desirability of the oil field 
load. The drilling load in itself is not so desirable 
but wherever a well is drilled electrically, it is pumped 
by the same power and the pumping load with practi¬ 
cally a 100 per cent load factors,represents the ideal 
load for any central station. 


A Study of Transverse Armature Reaction in 

Synchronous Machines 

By Means of a Second Machine with a'n Adjustable Stator* 


BY R. A. SCftAEFER 

Non-Member 


Introduction 

K T is well known that synchronous machines, when 
operated snder certain»conditions, do not behave 
as theory would lead us'to believe. These differ¬ 
ences from predicted results are not of serious conse¬ 
quences under normal operating conditions, hut are 
widely in error when operation on charging a long 
unloaded transmission line,'synchronizing power, and 
pull-out torque, are computed from the design con¬ 
stants. These things lead us to believe that certain 
changes in the theories of synchronous machines would 
f^e advantageous, and it is with this fact in mind that 
we make this study of transverse armature reaction. 

By transverse armature reaction is meant the effect 
that the magnetic flux produced by the armature has 
upon the field flux, when the armature reaction is en¬ 
tirely cross magnetizing. This occurs when the current 
reaches its maximum value in a conductorjocated under 
fegje center of the pole. This reaction may he expressed 
iumerically as a constant^, which when multiplied by 
the transverse component of armature current gives v 
the armature reaction expressed in field amperes. 

It can 1» seen that, in a generator, the armature 
reaction is not entirely cross magnetizing when the 
machine is delivering a current at unity power factor, 
because the flux produced by the armature strengthens 
the flux on one side of the pole and weakens it on the 
other, and thus producing a considerable phase angle 
between the voltage at no-load and the voltage kt full 
load. 

It can also he seen that the effect produced by the 
current in a cross magnetizing position cab not he 
' obtained from a zero power-factor run. At zero powfer 
factor the flux produced by the armature current* is 
acting directly on the poles. It does not seem logical 
to suppose that the effect of a current in this position, 
acting on a region composed ch efly of iron, is of the 
same magnitude as the effect produced by a current in a 
cross-magnetizing position, which acts upon a region 

*National Prize Paper presented at Marquette University Branch, 

. December SO, 19S6. 


composed chiefly o| air. Therefore, to determine 
accurately the effect of transverse reaction, it becomes 
necessary to test a machine so that the current reaches 
its maximum value in a conductor located at the center 
of the pole. 

The method used previously in our laboratory 
(described in a paper by J. F. H. Douglas, presented 
at the Winter Convention) required that in loading the 
machine, the full power be taken from the line. The 
ma chine wtft operated as a motor and means had to he 
prodded to absorb the power produced. Another 
machine of the same number of poles also had to he 
available. In the method of test to be described the 
second machine is still required, but the amount of 
power supplied is only equal to the losses in the two 
machines. • 

Test 

The machines used for this test were two 15-kw., 
1200-rev. per. min. Westinghouse machines built for 
experimental purposes. With the three-phase st3r 
connection the. rating is 220 volts, 40 amperes. The 
machines have 6 poles and are designed to operate at 
SO cycles. * Additional design data can be obtained from 
£ description of the machine by Q. Graham 1 . One 
of the machines is so mounted that it is possible to turn 
the stator through a considerable angle by means of a 
hand wheel. The two machines are coupled together 
and driven as one unit by a d-c. motor. This motor 
supplies all the losses. A source of alternating current 
of a variable voltage and of the proper frequency must 
also be available. The apparatus is wired as showh in 
Fig. 1. It will be noted that polyphase switchboards 
are provided to measure the current in .each machine 
and the current and power supplied by the line. This 
is done so that the current in each of the three lines may 
be checked for any unbalance inthethree-phasesystem. 

The set is started by starting the d-c. motor. The 
a-c. machines are connected in the proper phase rotation 
with each other and with the line by phasing out with 
lamps and a voltmeter. The two machines are con- 
• 1. A. I. E. E. Journal, May, 1925, p. 542-543. 
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3? sziTir 1 w « h «*■ 4*» ^ 

ate S 3 Zt^ ws -i Tmrine *• ^ ■»« h 

itimT^f * I positlon of one machine to 21 si 
® rrent to flow between the * anH /? i 
em-rent, taken from the aT Z e * £LJi" 

sfomer? glll The r by changing ta P s the P<» 

i- . * reading on the watt- * 

Ime is controlled by m£ans the Md • 

-c. motor. The relation between the • 


Im= Motor Current 
! g » Gen. Current 
I L » Line Current 


Mo-Transfor mers 


When all conditions are Satisfied all instruments 
read and recorded. 

It may be of interest to note at this point what 

“ e rwo a-c. machines can be varied within Mt fulfilled CO + nd J tion i s outlined above i 

wide limits by adjusting the field currents of the 55 ri ™7; u 3 grates the effect on the ve 
a-c. machines. SUftia/the stator Sf S one 3thae lme OTI “ t is not ot the I*°P« " 

bTr^r 116 J! 016 aX6S by an electrical angle which can 

be read directly on a scale attached to th$ machine. Vl 


Induction Regulator 

ditction Regulator 


Tiw 6 ' Jn iS ° bvi0US that the current in mac 

is not wholly cross magnetizing. 

Fig. 4 illustrates t*he effect of unequal currents ii 
two machines. Again the current is not wholly - 
magnetizing. J 

If the wattmeter does not read zero, the cui 
may be cross magnetizing, or it may not be. T< 
termine whether it is, or is not, would involve a i 
detailed solution of the vector diagram, taking 
account the power factor of the line current. It 
far simpler matter to adjust the wattmeter to zer 
means of the field rheostat of the driving motor. 


fie. 2 Complete Solution bt Vector Diagram 

a study of the vector relations in Fig. 2, it is 
° see wfa at conditions must be fulfilled in 
a , ™ carren t may be in phase with the pole 
C mac hine ; and hence be wholly cross mag- 


Polyphase 

Polyphase " 

Board 

p h Boa rd " 

& i 

a,i® <y> 







ft 


; Aug. 1927. 


SCHAEFER: SYNCHRONOUS MACHINES 


813 


Calculations * induced voltage vectors and from their ends perpen-« 

As magnetic conditions in the‘two machines are d culars are dropped to the respective.pole axis. The 
imilar, and the loads on.the motor and the generator .transverse component of the m. m. f. is measure^, and 

‘ •’ .. This 


are equal, it seems logical to assume that the terminal 
voltage vector lies midway between the pole axes of 
the two machines. . 

Fig. 2 illustrates the vector relations. E is the 
terminal voltage drawn at an angle of J4 8 to the pole t 
axis of either machine. E is the induced voltage in the 
machine. M 3 represents the magnetomotive force 
which induces this voltage. This m. m. f. is obtained 
by taking E to the saturation curve and reading the** 
field amperes. This m. m. f. may be resolved into 
two components. One component along the pole 
axis, produced by the field coils of the machine, the 
other transverse to it, the transverse component being 
due to armature reaction. The reaction M 2 expressed 
in field amperes, divided by the armature current which 
produced this reaction is, ff>y definition, the constant 
which we se.t out to determine. It is well to note that, 
in determining.the induce^ voltage E, the terminal 
voltage was not corrected for IX drop. When the 
current in a conductor reaches its maximum directly 
over the pole, any flux produced by that conductor 
has an effect upon the flux in the pole. All the effect 
is reaction. There is no effect which is proportional 
to the current and independent of saturation, and 
therefore no IX drop. This assumption seems to be 

Mi 

justified because the value — j— is a fairly constant 
quantity. * 

W.e will next consider the solution of a typical case. 

The following data are observed. 


Pole displacement 
Motor field current 
Generator field current 
Motor Current 
avg. of 3 phases 
Generator Current 
avg. of 3 phases 
Line Current 
avg. of 3 phases 
Total line watts 
Volts to neutral 
■ avg. of 3 phases . 
Arm of Resist 


= 64.5 Tleg. 

— 5.75 amperes 

= 7.0 amperes 

= 41.8 amperes 

= 40.6 amperes 


41.7 

40 


amperes 

watts 


128.3 volts 
.1667 ohms 


in the motor is equivalent to 3.7 field amperes, 
gives a transverse reaction constant equal to 


3.7 

41.8 


0.0886 


•The transverse component of m. m. f. as measured for 
the generator is equivalent to 3.9 field amperes. This 
gives a transverse reaction constant of 

* Ct = ^ = 0 0961 

• 

It may be of further interest to note that, in the vector 
diagram the component of m. m. f. along the pole axis 
in the case of the motor is 5.4 amperes. The observed 
field current is 5.7 Jd amperes. In the generator the 
vector diagram shows 6.6 amperes on the pole axis, 
while the observed field current is 7 amperes. 

In some cases, the value of field current as shown on 
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Fig. 5—Saturation Curve • 

the vector diagram was larger than the observed field 
current, Uut in general the observed field current was 
"larger. It is believed that if very accurate meters are 
provided and suitable care is taken n the observations 
the observed current will always be larger. 

This might be explained in the following way. As 
armature reaction shifts ihe flux to one side of the pole, 
the one side is weakened more than the other side is 
strengthened, due to the curvature of the saturation 
curve. While there is no direct reaction on the pole, 
yet the result is slightly demagnetizing. This effect has 


The graphical solution is as follows: (See Fig. 2). 

The pole axis of motor and generator are drawn . long been recognized in the design of d-c. machines 


64.5 deg. apart. The terminal voltage vector is drawn 
midway between the pole axis, length 128.3 volts. 
IR drop for motor, 6.98 volts. IR drop for generator, 
6.67 volts. The induced voltage vectors, are drawn 
and when scaled are found to be 134 volts for the 
generator and 122 volts for the motor. The saturation 
curve shows an m. m. f. equivalent to 7.6 and 6.6 field 
amperes for generator and motor respectively. These 
field currents are laid off on a line in phase with the 


Nine series of data were taken on this pair of 
mac hin es, varying the field current from 3.58 amperes to > 
16.6 amperes, with armature currents from 18.4 amperes 
to 46.9 amperes, and with pole displacements ranging 
from 30 deg. to 64.5 deg. The average constant 
computed from these series of data was 0.09300 
± 0.00911. The result obtained by J. F. H. Douglas 
(described in the paper referred to above) is 0.092 ± 
0.005. The fact that these results agree so closely leads 
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'•us to believe that there is no constant error in either There does nof seem*to be any reason why the i<* 
method. . could nbt be madb -by slipping the coupling a I 

. . Conclusion a degrees for each series of data, and taking read it 

The above test is of too technical a nature, and is of f° r various field and armature currents, 
little value as a routine test to determine whether a The test requires a source of alternating curre 
machine meets a’purchaser's specifications. It may approximately equal to the kv-a ., capacity of & 
however, be useful for the designer to check the design machine if tests at near 60 degree pote displacement* » 
.constants in a machine. .to be made. As the current is wattless, no power 

There is one disadvantage in the test as described, drawn from the a-c, line. The rating of the 
that is, one machine requires an adjustable stator, motor must be equal to the losses in the two machirw 


Mechanical Forges in Transformers 

• • ' BY J. E. CLEM* 


Associate, A. I. E. E. 


I n, 7 1 7T , "™ onMrs that the pout X distant from the plane of the circle is tri 

proportioned properly. This feature becomes in- M = 2 ir 2 a 2 N fl - 
creasmgly important as the size of the transformer and L r F \ 

the extent of tie power systems increase. In this 

paper there is developed a method, fundamental and F = F 0 -h~ F 4 - -®L . 

analytical, by means of which the total axial force and + r 2 2 + r 4 Pi + r « F « + etc - 

e orce on separate coils, of a transformer having Fa = 1 . ** 

concentric cylindrical windings maiy be calculated 

and quicUy. The tneftodT inpf S 

basedon the fact that the reactance of a transformer 8 ^ ; j 

i 

Mutual Inductance of Coaxial Solenoids ^ 64 r2 ' r2 

This development is similar to other developments of* 36 42 . • A . 

the same problem but the result is (riven imfwmh!. A - Ml ~ 3Z -41 _ M JL , A 


i) has been transformed from tho 
to obtain a series for the quantity F i- 
mbles are always less than unity. Tin 
mlations easier and extends the working 
equation by keeping the value of tlj, 

1 ^ponent part of F down to a smah 
aut the entire range of the variable A */r 
ession M is the number of lines passinir 
fircle due to the semi-infinite solenoid 
indmg of IV turns per cm. The matSJ ! 
tween the finite solenoid, Fig. No. 2. 
length 5 having n turns per cm. and the 
denoid may be obtained by integrating 
of (1) over the range from t _ ~ * 


■ eonvement for calculation than heretofo: 

» l ESn^-'1r? w ^ 

radius « and a coaxh 
- A ’ extending to infinity from 

Jr, N. S y tt0n En8g ' Dept - General Electric Co 

® ureauof Standards. 
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* • • 

B 111 *— Zi -1® ri B 1 ] (2) which gives the induct^n 


B = B 


B a =1 


B o = 


2 7r 2 a 2 n N [x 3 — r s B 11U - Xi * n B 1 ] 

a? a 4 • * a s 

Bo- —rB,_- —r-Bi- — 7 - Bg- etc. 



which gives the inductance in centimeters. The factor, 
if is a function of the ratio of the diameter to the length 

of the coil and the values of K are available 3 in any 
> • • 
book that treats on inductance. 

Axial Force in Two Coaxiai* Solenoids 
When the magnetic centers of two coaxial solenoids 
coincide there will be no axial force tending to move 
the coils as a whole. But if the magnetic centers of the 
coils do not coincide there will *be a force tending to 


B b = 


+ 8^ etc. 


By reference to Fig. No. 3 it can be seen that the 
utual inductance of the finite solenoid S and a second 



as 

* 



• < 

„ _ _ _ 


—’Xi—• 





x ] = x— 


S + P 
2 

S-P 

2 


x z = x + 


Xs = X + 


S-P 

2 

• 

S + P 
--* 

2 



• Fig.. 2 

semi-infinite solenoid extending to infinity but starting 
P further "away from the solenoid S than, the the first 
semi-infinite solenoid is given by a similar expression 
involving x 2 and x t in place of Xi and x 3 as follows: 

M =2ir’-tfnN [x t - r 4 J5 IV - r 2 + r 2 B n ] (3) 
It follows naturally that the mutual inductance of 
j ’coils S and P with centers x cm. apart as in Fig. No. 4 
is the difference between ( 2 ) and (3), i. e., ( 2 ) — (3) 
which gives as the final formula for the mutual induc¬ 
tance between two concentric coaxial solenoids 

It =2 T 2 a 2 nN.[r 1 B I -r 2 B tI -r 3 B III >r 4 B IV ] ( 4 ) 
M = Mhtual inductance in centimeters 

= ‘Smaller radius of solenoids in centimeters 
A = Larger radius of solenoids in centimeters 
= Length of a solenoid in centimeters 
= Length of 'A solenoid in centimeters 
= 'I’urns per centimeter of a solenoid 
N = Turns per eentimeter of A solenoid 
= Vx? + A 2 for each value of x 
B = Function of the ratios A 2 ,/?- 2 and a 2 /r 2 for each 
value of x as defined in equation (2). Values 
of B may be taken fronuTable 3. . 


• ^ Fig. 3 

cause a still greater Reparation of the magnetic centers. 
This force will depend upon the stored magnetic energy 
and the rate at which the energy is changed by the 
differential motion of the coil, i. e., 

d W 
S = ~ dx 


W = 4 LP 

4# 

\fy = stored magnetic energy in joules 
= 10 7 ergs or dyne-centimeters 
L = inductance of circuit in henrys 
* I = maximum value of currents 
107 T dL , 

• f = ~ -2“/ 2 ^7 dynes (6) 

,* • 

. * 

In, the pair of solenoids or transformer coils being 
considered 

L — L p d - L s — 2 (J) 

L • = Net inductance or leakage reactance of 
, transformer 



Self-Inductance of Solenoids 
In order to^calculate the net inductance of a pair of 
lenoids it is necessary to calculate the self-inductance 
each. a One of the most convenient methods of doing 
is is that given^by Nagaoka as follows: 

L = 47 t 2 a? S K ( 5 ) 


Fig. 4 


L p = Self-inductance of primary • 

L s = Self-inductance of secondary , .. 

Mps = Mutual inductance between primary and 
secondary 

Since the self-inductance of neither the primary nor 
secondary coil will be affected by any change in their 
relative position, there results 

4 ^ - - 24 # ( 8 ) 


3. Bui. No. 169, Bureau of Standards. 
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• • f 

a) , The mutual inductance between one of 

’ dx glven h y solenoid is obtained t>y integrating ( 11 ) 

RAomriiin, • from x = x'liox = Xo Which rives 
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there.results 
d M 


— g2 X* * rr • Up ° n differen tiating this and subs 

10 9 • • ~ F , (9) equation there results 

in (6), the force, after chang- / = 0.698 nN -^A \D" - tv 
is found to be S 1 

J = Force in pounds , 
n =. Turns per inch of solenoidal 
-iv - Turns in single coil 
® = Radius of solenoid inches 

A — Radius of coil inches 
^ Length of solenoid riiches 


When ( 9 ) is substituted 
mg from dynes to pounds, 


/ = 444 1 2 a 2 nN 10' 


~me force in pounds ^ 

dimensions are in inches and F is defined as in equation 
( ) • The value of F may be taken from Table II. * 

Force on Individual Coils 

a 

find the mutual inductance between iV '” m te ^' ate t0 
solenoid and then differentiate H,™ th ^ and the 
the force Tho ? i thls . Session to find 

Fig. 5, is given by “ mductance between two circles, 


Connection 


3350 
2130 
660 
5110 
1520 
6048 
19 75 
468 
100 


4023 

4530 

1471 

4865 

1464 

5264 

1862 

466 

100 


TABLE II 
VALUES OP F 
0.5 
1.9280 
1.6280 
1.4731 


M =8tVuA-^ 

VK W 

expression F and E are elliptic inters, avail- 


cr/r 2 =1. 
(2.2955) 
1.7660 
1.5369 


0.8 
1.6833 
1.5089 
1.4058 


1.1397 

1.1283 

1.1179 


1.0860 

1.0802 

1.0746 


able from published data in works 
modulus K which is defined as 

g __ 4 aA 

(nT+T^ 

r *: - (a + or +*. 

__ r ** = (A-a)* +3? 

4- Bul.No.l69 I Biirek,. n ffit.._ J . , 


1.1500 

1.1358 

1.1106 


1.1081 

1.0990 

1.0823 


1.0692 

1.0640 

1.0542 


1.1102 

1.0858 

1.0646 


1.0673 

1.0538 

1.0413 


1.0451 

1.0365 

1.0284 


1.0299 

1.0192 
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TABllfe III • 
VALUES OF B 


calculations have been, made as for a uniform*_dis- 
tribution. 

Forces for a representative transformer have been 
calculated and the results are shown in Figs. 7 an<f 8. 
The coil forces in Fig. 8 are for a displacement of 


a 2 // 2 * 1 . 

0.9 

0 . 8 * 

0.7 . 

0.6 

( 0 . 8506 ) 

0.8689 

0.8861 

0.9024 

0.9179 

0.8845 

0.8956 

0.9071 

0.9187 

0.9304 


0.9149 

0 # 9227 

0.9317 

0.9411 

\ 


0.9357 

0.9430 

0 . 950 # 




0.9530 

0.9590 # 





0.9669 

d Vj 3 = 0.5 

0.4 

0 . 3 . 

0.2 

0.1 

• 

• 0.9328 

• 0.9471 

0.9609 

0.9743 

0.9873 

0.9422 

0.9540 

0.9657 

0.9772 

0.9887 

0.9506 

0.9603 

0.9701 

0.9800 

0.9900 , 

0.9582 

0.9662 

0.9744 

0.9828 

0.9913 

0.9652 

0.9717 

0..9784 

0.9854 

0.9926 

0.9718 

0.9769 

0.9823 

0.9880 

0.9939 

0.9780 

0.9819 

0.9861 

0.9905 

0.9951 

• 

0.9867 

0.9897 

0.9930 

0.9964 



0.9933 

0.9954 

0.9976 




0.9977 

0.9988 



• 




_ * Test Application 

The methocf fcias been chgeked by the calculation of 
reactance for complicated arrangements of windings, on 
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■ Displacement of Magnetic Centers 

• Fig. 7 
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Fig. 6 

the basis that if the voltage can be calculated accurately 
then the force calculation as based on the differential 
the voltage equation will be established as reliable, 
his was done because the voltages can be measured 
uch more easily than forces. . . 

In Figs. 6a and 6b are shown diagrams of two trans- 
rmers for which voltage calculation was made. The 
•eement of calculated and measured voltage shown in 
able I is reasonably close. These are high voltage 
ansformers having extra insulated end turns so that 
.e turns are not distributed uniformly over the high- 
oltage coils. This has an effect which is greater as the 
ortion of the winding considered is less, but these 


Fig. 8 

m 

about 14 in. and the sum of the individual coil forces 
totals to the value on the curve in Fig. 7. In this 
case the forces are relatively low on account of the 
rather high reactance of the transformer for which thege 
calculations are made. The displacement which gives 
the m axim um is higher than would ever occur in a well 
designed transformer. 

NITROGEN FIXATION TO BE USED 
• EXTENSIVELY BY BRITISH 

* Accor din g to one of the directors of the Imperial 
Chemical Industry, Ltd., the fixation of atmospheric 
nitrogen, through the intermediate stage of ammonia, 
seems to have established itself as definitely superior 
to other methods of fixation. This statement was 
transmitted through our trade commissioner at London. 

In the opinion of British authorities, the natural 
nitrate of soda from Chile has the greatest difficulty in 
competing with fixed nitrogen of synthetic origin. 

It is pointed that Great Britian has made consider¬ 
able progress in the development of the nitrogen indus - 1 
try and that the output of fixed nitrogen will be greatly 
increased over present production by the end of next 
year. 

The Department of Commerce states that the de¬ 
mand for nitrogen is increasing at the rate of 100,000 
tons of fixed nitrogen per annum and that there is no 
exnectation of any lower rate of increase in sight. 






lillfill 

S«*M5SrSslP.*i>:£‘fe'' 

H| 




HtvHi 


|p|iis 


. -• Mercury Arp Power Rectifiers 

Their Applications and Characteristics 

BY O. K. MARTI 1 ‘and h! \yiNOGRAD 1 

« Associate, A. I. E-. E. 

Synopsis. — Steel-enclosed mercury arc rectifiers, du 
advantages over rotary converters in efficiency, ease and 
( °f operation, and ability to produce high d-c. voltages, are 
replacing other forms of converters in t” 

There are at present 600,000 kw. of rectifier installations, distribute " 
over different parts of the world. Statistical data are yi^„ 
the growth of installed rectifier capacity since■ 1911, the distribution 

of rectifiers over various fields of application, and their r - 

use at higher voltages for railways. The high Efficiency and 
liability of rectifiers at high voltages will undoubtedly 
selection of systems and voltages for main-line electrification. Com¬ 
parative operating figures are given for rectifiers and motor- 


■e to their set j at 8000 volts d-c. Several types of Brown Boveri rectifiers a 
reliability their load curves are shown. Due to the fact kat the d-c. voltage oj 
nil * u rectifier consists of portions of sine waves, the voltage wave is m 

all fields of application . what undulated. The magnitude of the undulations depend, ou t 
number of phases and varies with the load. The effect of the unM 
given showing Hons in the voltage wave on. the shape Of ihe r current wave for voM 
types of loads is discussed, and oscillograms of the voltage and as 
increasing ..rent waves of a rectifier feeding a railway load under vans i 

• 'i’ ~ T c ° nditions are shown • effects of the undulations on differ ,s 

influence the kinds of load—batteries, lighting, and power circuits—and i 

communication circuits paralleling the d-c. feeders are discussl 
•generator briefly. 


D IRECT current, in spite of the many advantages do not 
of alternating current, has its own numerous and 
valuable characteristics and uses. ‘ ... 
might be mentioned trolley and other city railway lines, 
interurban and main-line railroads, rolling mills, special 
drives requiring the facility of control made available 
only by the use of direct current, electrochemical 
applications, and so forth, 
power at ordinarily used voltages wouW* be 
uneconomical due to the small power involve 
particular requirements. Furthermore, at the vo 
at which it is at present generated and used, transmis¬ 
sion of the d-c. i 

accomplished only with considerable losses. Th v vli I> 
solution of this problem, therefore, is to generate alter¬ 
nating current, transmit it at'high voltages to the site 
of its application, and there - < : l: ^ 

means available into the desired d-c. voltages, 
ing converters have been the only means commercially 
available for this purpose, until the comparatively 

mctTfier!^ ° f ^ steel ' enclosed mercury arc'power during recent 

On account of its newness in the commercial field/ 
there was at first a lack of confidence in' the rectifier, 
ihis, however, has been dispelled by its advantages and 
successful operation in all parts of the world and 
every field of application. Contrary to the rotati 
conversion apparatus, the electrical energy is not fi 
changed into a mechanical form and then changed ba 
again to the electrical fonn, but tlje conversion occi 
duwti/mth no intermediate stages. The losses ai 
other disadvantages accon 
means of rotating machinery 
or eliminated entirely, 
windage, friction, 


vary as in the usual electrical machines and 
* apparatus, as the square of the current, hut only as a ! 

mong these linear function and independent of the voltage. Two 
important properties of th§. rectifier are dependent on 
this last mentioned fact: the efficiency remains practi¬ 
cally constant at all loads, and since the losses in the 
rectifier proper are practically constant at all operating 
•c. voltages, the efficiency increases as the operating 
- . This characteristic of the recti- 

-a high efficiency at partial loads—is of particular 
, v , „ — conversion machinery 

has to be operated under conditions which impose a 
low annual load factor, as in the supply of d-c. power 

. and especially 

. For fhe last mentioned application, 

e simplicity and rapidity of the starting operation 
are also outstanding advantages. 'These advantages, 
together with others, have proved the rectifier to be 
superior to the rotary converter, and have contributed 
to the great popularity which rectifiers have gained 

; years. , . 1-v 

As an example of the superiority of the mercury arc 
rectifier, it may be mentioned that the chief reason for 
not using d-c. voltages above 1500 volts for traction 
les m the faet that this value is already close 
in to the maximum which can reliably and safely he ap- 
ug plied to one commutator of rotating converters. For 
st higher, d-c. voltages, two machines must be connected 
3 k m series, which greatly reduces the efficiency, appreci- 
rs ably increases the initial cost of the installation, and 
L d introduces further, operating difficulties. With recti- 
_ ... . y fi ? rs ' this is not the case, as a single cylinder is capable 

are either greatly reduced of producing many times this voltage. ' 

or venffl^-ff fier the ? f 6 “° bon> The faet that today there are in service throughout 
(losses due fn lt , 1 ,° sses ’ and * hose worid steel-enclosed rectifiers with a total capacity 

to the voltage drop m the are) of more than 600,000 kw. is without doubt a proofof the 

of the American Brown Boveri Electric Corp., ^ Undness °t the basic design of these devices. In 

'at the Eeoiannj M r t , Fig. 1 are shown the total installed capacities from year 

Uarch 18,lmmdSule^p' a Kansas to year ’ and the fact that the steepness of the rise be* 

, a., April 21-S8,1987. COmes greater vear hv vpar +l>of 
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device will soon largely replace all other forms of 
rerters. • 

The field of application of the steel-enclosed mercury 
arc power rectifier is already very wide,* as is clearly 
illustrated in Fig. 2. Mercury, arc rectifiers are natu¬ 
rally used with greater advantage where their peculiar 
qualities meet thb requirements of the service in 
question. To these classes of service belong installa¬ 
tions subjected to large fhfctuations in load ^and to 
heavy and short current peaks, such as main-line rail¬ 
ways, street cars, subway and elevated railroads, rolling 
mills and the like. A comparison of the shaded areas in 
Fig. 2 shows that the use of rectifiers for street car and 
railroad service is twice as great as for all other purposes 
combined. The next largest field of application is for 
power and light! Then follow motors for rolling mills, 
special drives, shovels, dredges, elevators, and mining 
locomotives. The smallest .application of rectifiers, 


9 m 

with 'Fig. 4, showing tb,e relative sizes of the different, 
types of rectifiers made at present by the Brown Boveri 
^companies. Inspection of Fig. 3 and 'fype C in Fig. 4 
reveals that the relative dimensions- and arrangement. 
of the various elements are practically identical in the 
1914 and the present designs. In spite of the fact that 
there has been no great change in the basic structure of 
the rectifier, many refinements have nevertheless been 
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Fig. 2—-Distribution of Rectifiers Installed According 
to Classes of Service 


made in the design of such details as cooling, anodes, 
sealg, etc.,**and in the development of more suitable 
material. Improvements have also been made in the 
auxiliaries, which, together with the improvements in 
the rectifier proper, allow a far better utilization of the 


ause it is the newest, is for electrochemical purposes, 
cessful load tests have* been carried out with recti- 
s at d-c. voltages of 5000 volts and 8000 volts for* 
ecial electrolytic "purposes. Considerable study is 
ng dewted to this field j and attention has 
turally been given* to assure safety of operation at the 
rh voltage^ mentioned. These tests have shown that 
e limits of d-c. voltages for which rectifiers cap. be 
ed are still unknown. 

Installations on a commercial scale were begun in 
irope in the year 1912. and then only in capacities of 
>0 kw. One of the earliest installations is shown in 
3, which is for a municipal ligbiipg plant,.the direct 
went being employed for power and lighting purposes, 
us plant consists of four 6-anode rectifiers, each -rated 
150 kw. at 220 volts. The supply current is three- 
tase, 50-cycle, 5250-volt. This installation was made 
1914 with three cylinders, the fourth being added 
ter on. 

Attention may be called to the fact that the principal 
„ements in the design of the Brown Boveri type of 
rectifier have changed little during the past twelve 
years.JjThis is evident at once when Fig. 3 is compared 


* 

1 





Fig. 3—One of the Earliest Rectifier Installations 


device. These'facts are mentioned merely to remove 
any possible impression which may exist that the mer¬ 
cury arc power rectifier is still an unfinished product 
in its first stages of development. • 


Operating Features 

The following figures might be of interest in connec¬ 
tion with the operation of rectifiers.- 

The n umb er of rectifiers operating in parallel with 
rotary converters and batteries, either in substations or 
over feeders, is about 900, distributed over approxi¬ 
mately 450 installations, with a total rated capacity of 
more than 450,000 kw. Parallel operations of rectifiers 
with each other, with rotary converters, d-c. generators, 
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rhieh can absorb and store up the heat produced during 
js operation. Due principally to. ttie absence of all 
Dtating parts, however, it has a high momentary o rer¬ 
ead capacity and can respond very quickly to these 
.-verloads due to the absence of the inertia of a magnetic 
Leld. Standard types of Brown Boveri rectifiers are 
Jiown in Fig. 4; tfer current and kilowatt ratings §,t 
''arious voltages, up to 5000 volts, are given by the 
starves in Fig. 6. At present they are built for voltages 
t*om 220 volts to 5000 volts d-c., and in capacities from 
;20 kw. to 2700 kw.* The ratings given in Fig. 6 are 



v 0 1000 2000 . 3000 4000 5000 

D.Q. Vol+acje 

jfW 6 —Lo^d Curves of Brown Boveri Rectifiers Shown 
in Fig. 4* 


kilowatt output increases in a straight line at first/but # 
that the rate of rise decreases with further increases 
in the voltage. 

The rectifier transformer serves the same purpose as 
the transformer for a synchronous converter; namely, 
to obtain the proper d-c. voltage ancKo split the pri¬ 
mary power into the desired number of secondary 
phases. As is illustrated in Fig. .8, the d-c. volt- 
# ag% during conversion, retains the caps of the sine # 
wave of the a-c. supply voltage. It will be shown 
later that, in consequence of this, the amplitude 
••and. the frequency of the ripples depend on the* # 
number of phases, and that increasing the number 
of phases reduces the magnitude of the undulations. 
This is one of the reasons why the number of phases 
employed with rectified is relatively large: usually not 
less than six, and often as high as twelve. As the 
number of phases is increased, however, many compli¬ 
cations enter into the design of the transformer, and its 
utilization decreases. This latter fact can easily be 
realized from a consideration of Fig. 8. The interval 
per cycle, during which the arc is maintained between 
the cathode and any one anode, decreases with a larger 
number of phases so that the time of utilization of each 
phase is shortened. During the other intervals, the 
phases are ^pt under load and hence not fully utilized. 
Therefore, for a given d-c. output, the rating of the 
transformer will increase with the number of phases 
(see curve 3, Fig 9) which necessitates limiting the 
number of phases for economic reasons, at a reduction 
in the smoothness of the d-c. voltage wave. It is 


AC. Supply 


reduced somewhat if overloads of appreciable duration 
sir e required. In order to give a picture of the overloads 
which can be cared for by rectifiers, the following figures 
Slave been noted: Type D, shown in Fig. 4, has a» 
continuous capacity‘of 1500 kw. at 1500 volts, with an 
overload capacity of 2250 kw. *for 15 min., 3000 kw. 
for five min., and 4500 kw. for one minute. The signif¬ 
icance of these figures may be better appreciated if it 
is realized that it would be possible to start and run a 
■train of average size with one such unit, since it does not 
■take more than 5 to 10 minutes to bring such a. train 
tip to speed. 

It can he seen from Fig. 6 that the output for a 
given cylinder increases with the v.oltag^. Iij spite of 
•this fact, rectifiers are at present rated on the basis 
adopted for the rating of electrical apparatus, and 
machinery before the advent of the mercury arc power 
rectifier. The authors believe that, in view of the fact 
■that the field of application of rectifiers is constantly 
enlarging, it would be justifiable to take steps to work 
out standards of rating for rectifiers based on their 
peculiar characteristics rather than on those of rotating 
machinery. The curves for Types D and E show the 
characteristic fact that with increasing voltage the 
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Fig. 7—Six-Phase Rectifier With Generalized D-c. Load 

m 

* 

therefore necessary to take into account a “certain 
amount of undulation in the voltage wave of all recti¬ 
fiers, and accordingly we shall look into this question 
more.thoroughly in the,next part of this paper. 

The various applications and present status of steel- 
enclosed mercury arc rectifiers have been dealt with in 
the first part of this paper. We shall consider now 
the characteristics of the rectifier as affected by the 
character of the load and electrical conditions on the 
d-c. side, for the various applications. 
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the shape of the d-c. voltage wave under load depend 
somewhat on the nature of the lo&d. Eq. (1) was 
derived on the assumption that the current 'curve is a 
straight line. The angle u will be greater or less than 
that given by eq. (1) depending # on whether the current 
during the period <jf overlap is greater or less than the 
average current. The difference, however, is negligible* 
and the voltage wave is assumed to be independent of 
the character of the load. # # 

The total height, h 2 of the ripple in the voltage wave 
is equal to the difference between the maximum and 
minimum ordinates of the wave. From Fig. 8b, it is 

71 - 

readily seen that for values of u < , the maximum 

ir 

ordinate is equaTto the amplitude of e%, while the mini¬ 
mum ordinate is equal to the value of e u for w t = u. 
Therefore, • 

h EV 2 cos cos u 


= EV 2 (l - 


Expressing ft as a, fraction a of the average d-c. 
oltage at no-load (seeeq. (5) ), 

= '_ h 

EV2sin — /— . 

V V 


EV 2 (l - 


’ EV2 sin ■ 


W w 

with the number of phases, at no load, is showri by 
Curve 1 in Fig. 9. In the same figure are plotted the 
frequency of the main ripple and the ratio of the trans¬ 
former rating to d-c. load, to show the effect of the 
number of phases used on these quantities. The 
magnitude of the ripple naturally decreases as the num¬ 
ber of phases is increased; but to counterbalance that, 
the size of the transformer increases with the number 
*of phases. Furthermore, the frequency of the ripple 
increases with the number of phases, which is often 
objectionable. 

♦. In Fig. 10 are shown the variations of the voltage* 
ripple of a siX-phase rectifier with the load on the 
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rectifier. The curves have been plotted from eqs. (7) 
and (9). The load is expressed as a ratio, I/I,. This 
ratio is deduced by rewriting eq. (1) as follows: 8 

I , 1 _ l_ 

cos it = 3. evT~- ^ ~ 

- z-=— sm- sm - 

X V V 


For values of u > ——, the maximum ordinate* is 

equal to the value of e 2 for co t = w, and the minimum 
ordinate to the value of e* for u t = u. Therefore 


= EV 2 cos (u - -r-) - EV 2 


= EV 2 sin -- sin u 

'P 


_ H 

EV 2 sin-sm u 

V 

i—» • 7T » 7r 

EV 2 sm-/- 

V V 


cos ~—*cos u 
V 


The variation of the ripple in the d-c. voltage wave 


where I s = • * 

The point on the abscissa corresponding to full-load 
current of a rectifier is determined by the value of X, 
and therefore depends upon the design of the tranS - 
former. The smaller the value *of X for a given trans¬ 
former rating, the larger is I e and therefore the smaller 
the ratio I/I, at full load. The value of I/I, corre¬ 
sponding to full load is approximately 0.05. 

Current Wave 

It was shown above that the form of the rectifier d-c. 
voltage wave depends on the number of phases used and 
on the design of the transformer, and that it varies with 
the magnitude of the load; but is practically independent 
of the nature of the load. The wave consists of a d-c. 
component equal to the average value of the voltage, 
on which is superimposed an alternating component 
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harmonic in the current rippte, however, is equal to the 
height of the corresponding harmonic in the voltage, 
ripple divided by the impedance of the circuit to that 

harmonic: __ 

In = E n /VR\+ XJ 

From the above, # ' 

h * R En 

Is “ VR- + X „ 2 * E d 


VI + X n >/R*' Ed 

i. e., the percentage of the rath harmonic in the current 
wave is less than that of the corresponding harmonic 

1 

in the voltage wave by the ratio of . = ■, m 

• . 

which X n =-pn L is the reactance of the circuit to the 
nth harmonic. *Jt is seenjrom the above that the 
inductance has a smoothing effect upon the current 
wave, and the smoothing action is greater for the higher 
harmonics.* 

4. j Resistance, inductance, and back-e. m. f. This 
type of load is by far the most common load supplied 
by rectifiers, as it is characteristic of all d-c. motors. 
While starting, when the speed of the motor is zero, 
the back e. m. f. is also zero, and the load conditions 
are as given under 3. When the motor is running, a 
back e. m. f. is generated, in opposition to the applied 
e. m. f.; the voltage conditions are then as shown in 
Fig. 11. The-current is produced by the portion of the 
voltage curv.e lying*above line b V, as forjoad 2. The 
load here ^however, is inductive and the current wave is 
ionsequently smoothed. The average d-c. current, 


The amplitude of the.rath harmonic in the current wave, 

•J* = EJVR 2 + 

• _ R E * 

Is ~ VB* + X , 2 ‘ Ed - E b 


the symbols having the same meaning as in eq. (12). 

The series d-c. motor, used for railways, hoists, etc., 
is the most common motor fed by rectifiers; in fact, it is 
the favorable characteristics of the series, d-c. motor 
for traction purposes which have brought about the 
present large scale conversion from a-c. to d-c. The 
series motor is also the most favorable load for smooth¬ 
ing out the ripples in the current wave, due to the 
•inductance of the series field of the motor. In oseillo- • 
gram No. 3, Fig. 13, are shown the voltage and current 
waves of a rectifier supplying a railway load. The 
..oscillogram was taken on a 1500-volt rectifier at 200 per* 
cent of the rated load when the voltage ripple is greater 
than at rated load, and shows the smoothing effect of 
the series motor on the current wave. 

A further smoothing* out of the current, and also of 
the voltage wave supplied to the line can be realized by 
connecting a reactor in to the d-c. lead of the rectifier. 
The smoothing of the voltage wave is produced by the 
a-c. voltage drop across the reactor, due to the ripple in 
the current. The effect of the reactor on the' current 


4L-.(l-- 

? 2 V 


From"eq. (13) it is seen that the percentage of the rath 
harmonic in the current wave is smaller than the corre¬ 
sponding harmonic of the voltage waveintheproportion 
of 

1 


Fig. 12 —Voltage Conditions of Rectifier Operating in 
Parallel With Rotary Converter or D-c. Generator 


and voltage waves supplied* to the line by a rectifier is 
shown in oscillogram No.’ 4, Fig. 13. The oscillogranl 
was taken at approximately the same load and under 
the same conditions as oscillogram No. 3, except that*a 
series reactor of approximately 3 millihenrys wffs 
connected into the circuit when oscillogram No. 4 was 
Jaken, * 

• When a rectifier operates in parallel with a rotary 
converter or* a d-c. generator which has a smoother 
voltage wave than the rectifier, the resultant line voltage 
apd current waves are smoother than those of a rectifier 
alone. This condition is shown in Fig. 12. In this 
sketch, e r is the voltage wave of the rectifier and e„ that 
of the rotary machine. For the’ sake of simplicity, the 
commutator ripples Qf the rotary machine are not shdwn. 
The smoothing of the voltage wave is producechby the 
interchange of a small alternating current between the 
rectifier and the rotary machine. 

The interchange current is produced by the alter- * 
nating component in the difference of the two voltage 
waves. The a-c. voltage drop in the reactance of the 
rectifier transformer, produced by the a-e. current com¬ 
ponent flowing between the rectifier and rotary machine, 
reduces the ripple in the voltage wave of the rectifier. 
In this respect, the rotary acts somewhat as a shunt 
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condenser across the rectifier in that it absorbs an 
alternating component. 

When a serie& reactor is connected into the d-c. lead 
of* a rectifier operating in parallel with a rotary, the 
wave, of line voltage is improved on account of the 
additional drop in the reactor due to alternating inter¬ 
change current. 

The above conditions are clearly shown in oscillo- 


Journaf A. I. ] 

voltage will have no effecf upon the usu alligh 
circuits, since the frequency of the undulations is 1 
and their magnitude small as compared to the 60-c; 
a-c. voltage used for lighting. 

The presence of these ripples in the d-c. voltage w 
of a rectifier, particularly the harmonics lying wii 
tlfe audible frequency band, has raised the questio] 
their influence upon neighboring communication 
cuits. This influence ha» been detected in conned 
with about 5 per cenf of all installations and was foi 
to be due either to close spacing between communicai 
circuits and rectifier feeders, to bad insulation coi 
tions, or to a grounded method of operation on par 
the communication system for certain types of serv 
The cause of the interference is similar to that wf 
results in disturbances in communication or signal 
circuits which parallel high-voltage supply lines 
small separations and for long distances; i. e., induce* 
leakage currents and voltages due to harmonics in 
voltage wave. When, as in the case of'street railv 
systems, one side is permanently grounded, the ripj 
may appear in the communication circuits, especis 
when the method of operation or interconnection 
volves grounded equipment, wet soil conditions agg 
vating the case materially. The problem may be sob 
by the elimination of the exposure, the employment ( 
non-grounded method of operation or interconnect! 


Fig. 13 Oscillograms of Voltages and Currents of a 
1500-Kw., 1500 -Volt Rectifier • 


would lead beyond the scope of this paper< 
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* • DISCUSSION AT WINTER CONVENTION 
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SYNCHRONOUS MACHIhfiES—III . * 

(Doherty and Nickle) 

New York, N. Y., February 7, 1927 
j. Fi H. Douglass I wish, to ask a question regarding the 
paragraph which reads, “It will be observed, that the slope of 
the dotted line is sUftl positive beyond the maximum power 
point of stable, steady-state operation. This means that if a 
machine were operating beyond the angle corresponding to maxi- ^ 
mum, steady-state power, say sS; 10Q # electrical degrees, the 
machine would be stable under sudden changes, although the 
steady-state characteristics at that point indicate instability.” 

I am somewhat curious to know under what operating conditions, ^ 
if any, this becomes of interest? # 

The curve in Fig. 7 involves not only sin 0 but also sin 2 0; 
that is, it quite obviously contains a second harmonic.^ I believe 
this is fully recognized in the paper, and I simply wish to call 
attention to the fagt that most textbooks do not recognize the 
existence of this second component, and that.it is very important 
that it should be recognized inasmuch as it greatly increases 
torques in the stable operating ranges. 

R. D. Evanss I was much interested in the question raised 
about the increased power limit obtainable by means of auto¬ 
matic control of •excitation. I interpret the answer given by 
Mr. Nickle as givinf essentially ike same idea as what was incor¬ 
porated in the ‘term “artificial stability,” a term coined by Mr. 
Shand in 1924. At that time it was thought impossible in actual 
operation to-obtain a condition of increased power limits by that 
process. 

Subsequently we made tests of a somewhat similar nature to 
^at described by Mr. Nickle. These test results given in the 
closing discussion 1 on the Evans and Wagner paper at the 1926 
Midwinter* Convention, were the first experimental verification 
of the fact that increased power limits were actually obtainable. 

I might liken the condition of increased stability by control of the 
excitation to the process of maintaining equilibrium by the 
artificial process of juggling. Up to 90 deg., or actually some¬ 
what less, it°is possible to obtain stable operation inherently. 
Beyond that point, equilibrium may be maintained artificially 
but it is necessary to uae automatic devices. This corresponds to 
the action of ft juggler in making a corrective action after the 
system has*started.to pull out. This action on a power system is 
possible because of the time required for the system to pull out 

of step. * _ . . 

In the presentation Mr. Nickle described a mechanical system. 
Fe, too, have found such a system to be very good for the purpose 
f visualizing* the actions taking pffiee during the transients, 
nalytically, the actions are quite complicated, but they can be 
nderstood by a suitable mechanical model by adding inertia 
o the vector arms, and a spring connecting them. Mr. Griscom 
escribed a system of this general character in an article entitled 
‘A Mechanical Analogy to the Problem of Transmission Star 
ility” Electric Journal , May 1926. I notice that Mr. hsickle 
as described the addition of a dashpot tofthe arrangement which 
lakes it possible to simulate*the condition of the demagnetizing 
ction in a machine, which changes the internal e. m. f. and brings 
about the change of machine reactance from leakage to syn¬ 
chronous reactance. • 

W. V. Lyon: Mr. Doherty and Mr. Nickle have preserved 
in this paper an ingenious method for analyzing, what I believe 
to be, a very difficult problem. They have founded their 
analysis on what seem to be a reasonable set of premises. These 
premises have been so well chosen that in the subsequent mathe¬ 
matical work it is necessary to make but one simplifying assump¬ 
tion in order to arrive at a final result that is not unduly compli¬ 
cated. Whether or not this method of analysis produces accurate 

1. A. I. E. E. Journal, September, 1926, p. 887. 


results can be determined only by laboratory experiment, and 
it is to be regretted that such data are not available at the presnet 
time. In fact we have at the Massachusetts Institute of Tech¬ 
nology measured the torque-angle characteristic of a small 
synchronous motor when the load torque varies cyclicly. To be 
more exact we measured the power-angle characteristic, although 
there is but little difference between the two. Unfortunately 
I have had no opportunity to compare these results with Mr. 
•Doherty’s calculations. _ # 

In the third part of their paper ^here they consider the 
question of synchronizing out of phase, I should much prefer to 
see them follow the methods that have already been developed 
- 4 or computing the transient currents in a three-phase synchronous • ^ 
generator. The first shock on the machine, coming as it does 
wit hin the time of one cycle, would probably occur before the 
rot#r has swung more than a negligible amount. The methods^ to 
which I refer are based on the differential equations which 
apply to synchronous machines, whereas Messrs. Doherty’s 
and Nickle’s treatment has no such fundamental background. 
Since, however, the differential equations assume certain ideal 
conditions that do not exist, it is possible that their method 
will actually give better results. Here, again, laboratory ex¬ 
perience only can decide. * _ 

I should like to suggest another method of attacking this 
problem. The premises upon which it is based are much the 
same as the authors have chosen. Briefly the assumption is 
that the vector diagrams which are used to explain the steady- 
state operation may also he used when the angular velocity^ of 
the rotor i* not constant. The actual condition of operation 
can be resolved into two component conditions of operation as 
follows. First, consider that the armature is short-circuited and 
that normal excitation voltage is impressed on the field. _ The 
determination of the armature and field currents is a simple 
process even if the angular velocity of the rotor is slowly 
changing. Next, consider that the field winding is short-circuited 
and that normal polyphase voltage is impressed on the armature. 
Here we have an induction motor with an unsymmetrical rotor 
winding. Tne determination of the armature and field currents 
is again a fairly simple process‘which is well understood. It is 
only necessary to assume that the currents are determined by 
the actual angular velocity of the rotor and are not affected by 
its acceleration. Laboratory experiments alone can determine 
whether this assumption is reasonable. Under the aetual eqp- 
. dition of operation both of these components of current exist 
simultaneously and the resultant torque can be computed without 
jnueh difficulty. We can then set up the differential equation 
\-shieh equates the electromagnetic torque developed equal to the 
sum of the torques acting on the shaft and that due to the accelera¬ 
tion of the rotor. Although I have had no opportunity to make 
this solution in detail I have gone far enough to see that there 
are no insurmountable difficulties in the path. _ 

jj. v. p u tman .(communicated after adjournment): It would 

seem that the damping torque calculated by the authors is not 
the aetual damping torque of the motor. Actually, the damping 
torque is proportional to the rate of change of only that part oi 
the displacement between the pole and the electrical field, 
while the damping torque calculated by the authors is proportional 
to the rate of change of the total displacement. Such a radical 
departure from the accepted ideas about this problem, is at least, 

worthy of further explanation. ^ . • 

There is another peculiar thing about this damping torque 
T d calculated by the authors. It was obtained by substituting 
' in a formula for the synchronizing torque derived under the 

' assumpti on of steady-state conditions. They state that equation 

(11) which is the synchronizing torque under steady conditions, 

5 gives the torque not merely for the steady state but for any con¬ 
ditions within the premises when the actual values of the nominal 
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Authors, he is rather puzzled a^tq how it is to be used uni# ** : 
been transferred into electrical radians per second or som** 
tangible,unit which, can be defined. 

R. H. farks Mr. tutman states in his discussion 
“Actually, the damping torque is proportional to the **** 
change of only that part of the displacement between tb* f 
and the electrical field, while the damping torque cak**^ 
by the authors is proportional to the rate of change ^' 
tcffcal displacement. Such a radical deparHire from the &****$ 
Meas about this problem, is at least, worthy of 
explanatfoiL ,y 

The explanation of this phenomenon is as follows: A* * 
given frequency of motion of the rotor there will exist a haw® 1 
electrical torque on the rotor of the same frequency an*t 
portional to the amplitude of oscillation, the constant d I 
portionality depending in general bn the frequency of oscill^ 11 
In general, there will be a difference in the time phase ef j 
torque and the displacement. The total harmonic tWj 
however, may be broken up into two components, one tm $ 
phase and one in time quadrature with the displacement 
rotor. The component in time phase with the total displaced 
is referred to as the synchronizing component of torque* 1 
component in time quadrature is referred to as the d»»l 
component of torque, because it is in time phas^ with the rati 
change of displacement— i. e., in time phase with the vt4o*i 
Therefore it is quite clear that at any given frequency of 
tion the electrical torque is capuble of being # expressed an 
(a constant) X total displacement) + a constant) 

X rate of change of total displacement). 

It is also true, as shown below, that at any given frequeue 
oscillation the torque may be expressed as 

(a constant) X (relative displacement of magnetic field 
pole) 4- (a constant) X (rate of change of rein 
displacement of magnetic field and pole), 

. Since, at any given frequency the relative displaveti 
( 1 ) of the field and pole is in constant relation to the tola I 
placement of the rotor provided that the oscillations art* s| 
as was assumed. 

^ Mr. Putman also raises a question as to the reasonable 
of the process by which the synchronizing and damping 
ponents of torque were calculated by substituting in the ftiej 
(3) state formula for synchronizing torque. •The legitimacy **f 
method of calcufeition is explained most simply froih the folfui 
considerations. • 

1. The electrical torque on the rotor depends only un 
instantaneous distributions of flux and current in the na«) 

2. Neglecting armature resistance, the distribution c*f : 
and current in a machine,, and therefore also thei«nagni|,ii< 
torque, are known uniquely when the magnitude of the dj 
and quadrature nominal e. m. fs., terminal e. m. f., aitt£ 
displacement angle between the rotor and the terminal j 
are known. (It is to be noted that nominal voltage is % 
interpreted as the percent armature flux linkages due td 
direct component of field current, quadrature nominal y*j| 

the differentiation is with respect to time similariy aad terminal voltage as the percent total arm, 
" linkages); ; ’ * • /j 

3. Although the formula in question was originally cle) 
in the study of the magnetic torque under steady condltlb 
operation, and was therefore expressed in terms of the titty 
and terminal voltages and the displacement angle, never t hi 
sinle the torque, at any instant, actually depends only 
instantaneous values of these quantities, it follows, as 
the paper, that the formula may be extended in scope . 
cover variable conditions of operation. 

Since the formula expressed the electrical torque GOB&pgJ 
it must contain all component torques; thus it must 
both synchronizing and damping components. As &ho% 
the paper, this is found to be the ease. The correctness « 
torque formula employed can, moreover, be demonstrate* 


voltages and the. displacement existing at the moment under con¬ 
sideration, are substituted. Substituting these values *for the 
oscillatory condition in this formula, for the synchronizing 
torque, gives a vector expression of which one term is the syn- 
clp’onizing torque, and the other, so the authors claim, is the 
damping torque. It at least seems peculiar that one could 
obtain a damping torque by substituting in a formula for the 
synchronizing torque, derived under steady-state conditions 
and one would be inclined to question the premises which could 
lead to these conclusions. j 

If I understand the paper correctly, it seems to me that the^, 
fundamental assumption made by the authors, is unjustifiable. 
They assume that the whole phenomenon discussed in part A 
can be handled as the result of two transformer actions, one tak¬ 
ing place in line with the pole, and the other in line with the inter-- 
polar space. The armature current has been resolved into two 
components, one in line with the average position of the field pole, 
the other in line with the average position of the inter-polar space. 
The modulation of these components of current causes the arma¬ 
ture reactions produced by them to 0 pulsate in magnitude. So 
the armature reaction produced by the direct component of 
current, for instance, pulsates in magnitude in line wdth the 
average position of the field pole. It is not in line with the field 
pole at every instant of time, as assumed by the authors, and 
hence, it would seem that the phenomenon can not be calculated 
as a simple transformer action if the damping torque is.to be 
obtained correctly. If this assumption is not made, the problem 
might become more complicated but the damping torque, would, 
in all probability be found to depend on only that part of the 
displacement between the pole and the electrical field. 

■ I think that the mathematical work from equation (14) to (21) 
could be much simplified as follows: ^ 

A T is the pulsating motor torque resulting from an oscilla¬ 
tion A 5 which was shewn to be a harmonic function of s t that is 
A 5 is a function of the type 

A sin st -\- B cos 5 t 

and the total motor torque is of the form 
A T = T s AS + T d Q 

hut since A 5 is an harmonic function of st, it is evident that 


substituting (3) in (2) gives 


which is the author’s equation (21). 

I found the explanation given in the paper for thic part of the 
work, more confusing than clarifying, because of the confusion 
of the units involved. For instance, the well-known equati&i 
for torque consumed in any mechanical system, which is the 
authors’ equation (16) involves torque in foot-pounds, and time 
in seconds and angular velocity in mechanical radians per 
second. Also equation (17) involves time in seconds and when 


in seconds. 

I have been much interested in this percentage representation 
■ of the time unit, but it seems to me that the use of time expressed 
as a fraction of the time corresponding to one electrical radian 
at normal frequency, is actually somewhat cumbersome. For. 
^ instance, if time is in seconds, one obtains the damping torque 
in units of torque per radian per second, and one can mark his 
answer exactly what it is. But how does one express damping 
torque in the time units used by the authors? They define it 
as “the damping constant, torque corresponding to unit electrical 
angular velocity. ” Unit eleetrical angular velocity is the angular 
velocity in electrical radians per second, divided by « so that 
when one obtains the damping torque in the units used by the 
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more explicit maimer than give* above.. I propose to give such 
a demonstration in a paper to be presented before the A. I. E. . 

in the near future. * . n „,- „ 

C. F. Wadner (communicated after adjournment). Du g 
the discussion of this paper the question of the efficacy of voltage 
regulators and exciters in increasing the amount of power ha 
arisen. This brings up the question ns to whether the im P r0 ' 
ment so obtained cotfd be attributed to the regulator or to tye 
exciter. It is apparent that both must be sufficiently rapid, 
a long time lag in either regulator or exciter being approximately 
equivalent to conditions under hand regulation. It has been the 
experience of the Westinghouse Comifany with which I 
associated that their standard vibrating _ voltage regulator 
which is used with standard exciters, is sufficiently rapid even fo 
quick-response exciters. This becomes apparent _ when it is 
known that the contacts of such a regulator close in a fraction- 
: of a cycle (at 60 cycles) under reduced potential. In light o 
these facts one must conclude that the improvement m power 
: limits are due to improvements in exciters rather than lmprove- 
ments in regulators*, the regulators as already developed being 

■'saffieiently satisfactory. . ^ . 

C A Nickles Mr. Douglas has Risked about the operation of 
synchronous machines above the # steady-state power .limit In 

answering this question, a simple ease with a cylmdrieal-roto 
generator connected to an infinite bus will be conslde "' e< ^. 1 
the terminal voltage of the infinity bus is e, and ei is the nornm 
Kltage of the .generator, the power interchange between the 
generator and the bus is given by 


P = 


— sin 5 


iiw A x is the synchronous reactance of the machine. Evi- 
PffrWy , when e„ e, and a; are constant, this expression has a 
Emum when 5 = x/2. If, however, ex is caused to vary in 
such a manner as to become a definite function of 5 the expression 
/‘for power may have its mpimum for values of greater than 
: tt/ 2 and the maximum power is increased. Operation beyond 

steady-state power limit thus depends upon applying the 

I Proper excitation at the proper time. . . 

By means of a new voltage regulator which we have develop , 
sueh rlquirements are fulfilled and machines have ^en caused 
: to operate beyqnd the steady-state power limit b^ a considerable 
amount. To fflustrate this, the following test may be cited. 
Two 435-kv-a. synchronous machines were connected to tne 
same bus, one being driven as a generator and the other runmng 
as a motor. The rated voltage of these machines was 4000 volts 
and since, at this voltage, the possible power transfer would 
seriously overload the direct-eonneeted, direct-current machines, 
all tests were run at a reduced voltage; i. e., 2200 volts. The 
maximum power obtained in tests where the terminal voltage was 
held by hand-controlled rheostats and also by standard regu¬ 
lators, was 180 kw. The use of the new regulator increased tins 
power to 480 kw. or almost triple the value which could be ob- 
tamed by ordinary methods. The angular displacement between 
the rotors of the two machines when operating at these loads was 
considerably beyond 90 deg. as,was verified by means of strobo¬ 
scopic observations. The torque-angle characteristics for angular 
displacements beyond the steady-state limit thus have a physical 
signifi cance as well as a theoretical one. 

R E. Dohertys Mr. Evans has referred to the term, artifi¬ 
cial ’stability,” coined by Mr. Shand, as applying to operation 
beyond the “static” stability limit. Why coin a new term, since 
classical usage has long since specified such a state as “dynamic 
stability in contra-distinction to “static” stability? It is the 
distinction between the stability of a boy riding a tricycle in one 

ease and a bicycle in the other. 

He refers also the discussion which took place at the Phila¬ 
delphia Convention in 1924 2 , regarding power transmission, and 

2. A. I. E. E. Trans., 1924, p. 71. 


states that* “at that time it was thought impossible in actual 
operation to obtain a conditien of increased power limits by that • 
process,” that is, by dynamic stability. There.were a number o 
opinions expressed at that meeting regarding stability. L 
remember that I expressed this particular one: that, eonsidenfig 
the then present stage of electrical engineering art, and tne 
extent to which the studies under consideration projected beyond 
the limits of experience, we should “neither gamble that a volt¬ 
age regulator will be able to insert a supporting prop under an 
otherwise falling system, nor depend for stability during load 
transients, upon possible, momentary, favorable conditions due 
to momentum and field transients. These may add up m tne 
right direction, but engineers had better keep them up tfieir 
sleeves . . . .” Mr. Nickle’s investigation since that time has ^ 

• demonstrated that synchronous operation far beyond the steady- . 
state limit is possible. Thus the mechanical momentum can be 
utilized in this connection to a much greater degree than was 
thought possible at that time. 

I hope that the importance of Mr. Nickle.’s tests may not he 
overlooked. The greatest increase above the steady-state power 
limit which Mr. Evans and his associates state that they have 
obtained on test is about.20 per cent. I wish to call attention 
to the fact that in Mr. Niekle’s test, the steady-state limit was 
180 kw., and that, by the use of a new regulator which he has 
developed and which applies excitation not merely quickly, 

(i. e. not merely “high-speed excitation” but at the right time 
phase), it was possible to raise the power from 180 to 480 kw. 
And, in my opinion, he has written a new chapter m the story 
of long-distance power transmission. _ . 

Mr Wagner refers to test results given in the closing discussion 
of the Evans and Wagner paper at the last Midwinter Conven¬ 
tion, both asking “similar” to those mentioned by Mr. Niekle, 
and as being “the first experimental verifications that increased 
power limits were actually obtainable.” 

How similar? Tkey showed an increase of 20 per cent. Mr. 
Nickle’s test showed an increase of 160 per cent beyon e 
power corresponding to the steady-state limit—e. from ISO 

to 480 kw. . _ , .t_ 

Over a year before, the paper by Doherty and Dewey, at the 
Pacific Coast Convention, September, 1925 3 , has test results 
showing a 28 per ceirfc* increase in power above the stea y s # 
limit. * 

We are pleased to note that Professor Lyon considers the 
authors’ premises to be reasonable; also that M. expeete 

to make some experiments along these lines. ro. J 
- mentions another possible method of attack which is interesting, 
and I hope th*t he may have an opportunity to carry this through. 

• Mr Putman has raised some interesting points which the 
aifthors are glad to have the opportunity to clear up. Mr. Park 
has answered th*e question regarding the damping torque, and t 
particular angular velocity on which it depends; also he has 
shown why the torque formula referred to is applicable in general, 
and therefore in the present .ease. The authors aek ^ vle J|® 
that there should have been further explanation regarding this 

point in the paper. • . 

With reference to his proposal to simplify the mathematics: 
both ways are now available, so the reader may choose to his 

liking. , • A 

Mr Putman’s statement regarding the authors . allege 
assumption relating to the reference axes is interesting and 
requires detailed comment. The basic conception is a syn¬ 
chronous machine connected to an “infinite bus/ ^d experienc- 
ing a periodic angular oscillation. Under such conditions the 
magnitude of the space fundamental component of ^mature 
m. m. f. will pulsate periodically. Moreover, on account of the 
variation of power factor during each oscillation of the rotor, the 
position of the m. m. f. wave with respect to synchronous space 


3. Trans., A. I. E. E., 192S, p. 972. 






wiU.vSry periodically at the same period as the pulsation in p f , < A S{cos (ft +3) - a8, cos (« t + ,j 

magnitude. - I cos5 r 1 1- - - 1 ---- 

The Question Js, how shall these phenomena be expressed? L - l 0 r **' 

One may choose the premises which the authors have actually r • "T 

elosen, or those which Mr. Putman understands that they have - sin5i {a§ 2 cos ($ £+/3) t- a5 s aos + fit) } j 
ciiosen, and the result yyill be the same; that is, one may assume 

the component of the fundamental m. m.f. wave over the Neglecting second order .terms, 

pole (i. e. the direct component) and likewise the quadrature 4* = A cos ^ + I A A cos ^ cos * 1 " A { sd* cos • * " 1 
component, to vary harmonically; or, as Mr. Putman suggests, # - A§ 3 cos (« f + fa) } ] 

that the components in line with the average positions of the Likewise for A q . 

po e axis and the quadrature axis, vary harmonically. In^thd Hence the m. m. f. in the direct axis, that is over tbm 

f C Tl lfc IS taC f y a?sum ed by the authors that'those varia- in the quadrature axis, lit all instants com prison a 
ions o e m. m. - in line with, the pole other than the harmonic plus a harmonically varying increment * which is the fiiffSt 
variations, are negligible, being second-order differences under by the authors. 

extreme J y sr f al | oscillations. And it is these r It is recognized generally that the problem of bringiajr 
assiVnpd ft-n nn^ ren< ^ eS °+ wiueix ^ r * I >utmai1 bas apparently quick change in the exciter voltage in important. Tl m‘p 
to th™ ’ “ St «° Wn “ the s folIwin g : does not yet appear to be recognized in Mr. WanS 

displacement better, *? mpanying Iefc S i *>e the angular discussion, is the very important part- which 1 he regulat.-r -.4 

TT1 m - m - f - From Ms dis ™- 0M is d ™'y w «>»i«« *m 

both of which positions are ° f r ° t0r ’ S ° Ie critenon regarding the efficacy of tho regulator is w h» >: - 

- P s are fixed references m synchronous contacts elose promptly on the occasion of a sudden 

L_g_j r disturbance. Thoughtful consideration must —••rrthnlfit wjI 

j I_ p ^-AS a indicate that the subsequent behavior of the regulator i* *4 *4 

. *-4-4- aA importance.' However, such questions as hollar raised vhi*#*4 

J [ [ if effectively settled by verbal discussion. IV^r. •Wagner'« - i 

i™ ul d be immensely more convincing if, instead of sul.?*, . i 
\/' ; \ jj time re<luir6 d f° r fhe regulator contacts to dose, b# 1 

X i \ adduced some test results obtained by the use of the #*»«*< 

/ I \ vibrating regulator which he mentions, such test result* t*h*.*M 

/ /-AS. a \ an increase in power over the steady-state limit com pare Id* 4 

/ ! (f | \ those brought out in Mr. Nickle’s and my discussion. 


New York, N. Y., FiDbruaby 
R. H. Parks In the treatment of a coini 
e the starting performance of a synchronous n 

0 e “ p l° y simplifying assumptions to facili 
At the saijje time, it is desirable to keep 

assumptions have been employed. 

FlG - 1 ,,° t n T f d ^ Mr. Putman’s paper. 

that I found m it as follows- 
armature m. m. f. wave vary harmoni- form “W Second, that 
i. - is equal for all rotor bars. r 

* ° f Mr-gap flux is considered 

T „ TO i, . S Produce a considerable 
vary harmonically mental. This flux ^ 

a good deal to do in t! 
bar currents. Four 
axis about its average cu f rents is assumed 
' electrical phase 

‘ &■) assumed equal to their < 

• the armature m. m. f. trae i n an induction 
any instant is then ^on-space fundamental 

»s (St +/SJ HZ’J be Phase angles wll be diifere 

exists in the direct sistamT^lT^ negleoted - Tl 
Seed to 6 lmP ° rtant in determi] 

(st+3) - ? ed ' 1x1 ^ew of the 

. X p ' ■ assumptions, it is. 

AOs eos (st +^ x ) ]. Putman is able to 
close approximation P. L. Al^er: 

vddtb of pole i 
of the field wir 
be gets with t< 
approximately 
However, I f 

i* a. I. E, E. j 


Also, let the total armature m. m f‘ 
y m amplitude according to the expressio: 

a = A -I- A .4 cos 5 1 

mi let the position of the m. m. f. wave 
about its average position according to 

a5„ = a5 2 oos (st + 3 ) 
position “ MOniC OSCmati0n of the <4^^ 


Actually, the rotor ourrotif^ 
amount of flux that is spaoi* ft 
be leakage reactance flux and w ill 

“termination of the distribution of * 

the numerical value of all rot*, 
equal, even with the field closed. I 
angle in time of the rotor bar ourri-n 
electrical space separation. This v 
• inotor, but actually, on account 
air-gap Ikix, that is, leakage r(‘-a*®? 

-eat* Sixth, the (‘fTiv 
The effect of armature 
lining the torque at 
T . approximations involved in tl 
won* m ’ P ar li c ularly interesting that 

cure results whic b check tests. 

5 wa, y s °I taking into aceotm? 

ne* am mac ^ me ’ an ^ the single-phase roa< 

; resu]f 7 ^ r 4 * mtereStin ^* ^ nc ^’ the close H* 
erect. lndlcate tLat bis method is at ? 

^ some of the bold approximations Inn 
RNAL> August, 1927, p. 794 ., 


The total angular c 
'wave and the direct a 

ThnJfX 8l+A82e ° S(St+ P) ~ AS ° ( 

Ihua the component of m. m f wW,a 
axis at all instants is 

AA " U + A ^cosst)eos[A l + a5 2 cos 
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iade seriously limit the generality of his conclusions 

sample he assumes the stator resistance to be zero, and thus 

“3Perfects the dip in torque at half speed which occurs with 
ntirelv neglects me mp h agumes the curre nt in every 

iquirrel-cage'bar to he the same, whereas, as a matter of fact, 

rESwT* »««• *>“• rf T. S’. 3 

nore current during the starting period than the middle bars. 
My he tas combined the effects of the field and the squirrej 
Se by entirely neglecting the action of the squirrel cage m the 
25 Ss That is he has assumed the field winding to have such 
LwimpedaLe in We direct axis that lb* squirrel-cage.current 
in this axis is negligible. These approximations are m addition 

^ rtr—s from his study of double squirrel-cage . 
synchronous motors that they are of no practical importance. 
STthere is a measure of truth in this conclusion, there is 
S to b. on the op,»»te side ot the' 
difficulty of getting enough space in the pole t P 
factory type ofdouble squirrel-cage is the most fundamental 
part of the problem. The L-bar type of squirrel-cage Mr. 
Putman employed is not the best for this purpose, since the im¬ 
pedance cannot be made high enough to reduce appreciably the 
starting current with the field closed. By usmg an open-circuited 

or idle steel bar above the squirrel cage proper, a higher impedamc 

Sfbe’ Obtained in> same space, and thus a matena! reductmn 
of starting current can be secured. However, the reduct o 
‘ possible is not great enough to warrant the extended use of this 

object of a double*squirrel-cage is to reduce the 
Starting current on full voltage sufficiently to avoid us ® 
of a starting compensator. Therefore, all those machines whose 
starting cindents are only about 20 per cent higher than permissi¬ 
ble for fud-voltage starting can be brought within the per¬ 
missible class, and so can be made considerably cheaper by the 

use of the special construction. When the torques are compared 

«n the basis of the same starting current, the two types then 

® Ouentinfibaham: I made an experimental investigation 
1 several years ago which showed a number of interesting facts 
concerning synchronous-motor starting performance. Chief 
||mong these ygas the enormous effect of the fiehl winding on e 
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speed—torque curve, a fact which is clearly shown in Mr. Putman s 
paper, and which, I believe, has not been appreciated fully by 
designing engineers. A typical set of curves illustrating this 
point is shown in Pig. 1 herewith. Curve A is the speed-torque 
characteristic of the motor with its field winding open-circuite 
so that the squirrel-cage winding furnishes all the torque. It 


the fieia winding is closed on. itself the torque characteristics are 
as shown by Curve B. It will be seen that the torque at low 
speed is about the same but that it increases greatly for low values 
of slip. Curve C shows that With resistance in the field circuit 
the cusp is almost entirely removed although the torque is 
changed very little at the extremities ofthe curve.. By making 
use of these characteristics, determined first ^experimentally, we 
have been able to use relatively high-resistance cage windings 
with consequent high starting torque and low starting current. 

•The field winding takes care of the torque at low values of shp ana • 
the* judicious selection of a field starting resistor prevents a , 
dip in the eurve at intermediate speeds. While these character¬ 
istics have been known and have been explainable in a general 
, .way by induction motor theory, Mr. Putman has published • ^ 
the first adequate mathematical treatment of the problem.. 

Another result of our experimental work was that we obtained 
an entirely new conception of the pull-in problem. A number o 
investigators, both in tips country and in Europe, have attacked 
this problem but in nearly every ease they have been concerned 
with the oscillation which takes place when the field current is 
applied. They have attempted to find the maximum shp at 
which the motor could operate and still pull into step during the 
surge that takes place when the field is excited. . The solution 
of this problem requires a knowledge of the inertia of. the rotor 
and its connected load and depends also upon the point on the 
slip cycle at which excitation is applied. Our investigations, 
however, showed that we need not concern ourselves with this 
aspect of the pull-in problem except in rare cases. We found 
that if the motor could be brought'to the upper branch of the 
speed—torcfue curve, that is, to a speed above the pull-out or 
unstable point on the curve, the application of excitation would 
alwavs bring the rotor into synchronism. The problem thus 
became one of finding the induction motor characteristics rather 

than one dealing with the purely pull-in phenomenon. 

Mr Alger, in his discussion, has called attention to Mr. Put¬ 
man’s omission of the stator resistance and has pointed out that 
this may give an error in the torque at half speed. I hav - 
vlp.d £ jdu.tion .». tow th. «.<or 

and have substituted values for a few cases. While there is a 
slight dip in the curve at half speed, I have concluded that it is of 

1 negligible importance. ... 

H .V Putmans Before this theoretical investigation was 
started "at all the company with which I am associated (thanks^o 
the painstaking efforts of Mr. Quentin Graham), has,for a numl*r 
* of years, accumulated a vast amount of experimen » 

the starting performance of synchronous motors These date 
•vere of great assistance in building a theoretical structure on 
■tfhich to base calculations of starting performance. 

Both Mr. Alger and Mr. Park mentioned the fact that I 

I stated v^ry 

w. we made, <W»»d th,’ >«*“ “ 

st —f !££- 
33: r * 

have never been able to obtain t t the faet that 

tinctly a dip at half speed . that it is so small as 

i’s it can’t be obtame * P ^ bor ; e out by the fact that since 
by to be negligible. T damper windings, we have never 

As we have been 1" r stu ck at half speed.and 
ue had a case o there were any appreciable 

- srrsstf « ss ^«-■ *• 
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* mZTT d SSVe f t5 ’' 0f synchronous - la otor applications an<J hence 

SiThaSS dUty ’ ™ W ° Uld W had “» — ^ 

.• ^ r ' A1 f r * nd Mr - Park say I assume the same current 

sauteS ? ar an<1 +l Mr ’ A - lger says tllat 1 neglect the effect of the 

botHlr A®, m */?! ° f TJ the fi6ld This shows that 

’ theorv of ft Sel + Mr ; Park d0 not elearly understand the 
theory of the symmetrical-coordinate method and they have not 

. SndTT* 0ar f Uy ;u They We this **** mixTd up ^th 
Blondel s two-reaction theory. One speaks of the direct and* 

with thTT 3X68 l U th , e two ' reaetion th -eory, but not when deaSng 
with the symmetrical-coordinate method. ' 

•inS^ ^ ?T*’ ^ tMs: There are ^ tees rotating 

* Both cut t’^ m ^ P° sltive diree t' io n and one in the negative • * 
Both cut the damper bars. Due to the positive flux, there are 

damper-bar currents set up which are ah equal, provided the 
f“®» ta il to, a. „„ U iTtat fed 

These moduoe im6 P f f 7 tie Spa8e ** le betwe ® the bars, 
bv / 2 P °? ltl , V6ly rotatin g m - m- f- which I represent' 

StaflWlv Z ne g a tiyely rotating m. m. f. represented by I inp . 
dZ^lr 6 Ue f tlv ° dux in the ^p produces additional 

nSce’t2o aU f Wbi0h 8X6 6qual and ▼M* in turn 

produce two more m. m. fs„ a negative m. m. f. represented by 

. 1 2 „ B and a positive m. m. f. represented by I im Since I, 

stilS r U r ” *2 P ° sitiveIy rotating ™tor m. mf. 

rotor m'm? vt h ™ COmhme to form the negatively rotating 
rotor m. m. f. From tins point on I deal only with. m. m U 

with lf h 0ne eomblnes tbe bar currents due to the positive flux’ i 

result2e 6 uoT to® mga u V6 fluX> tbe c °mbined clients which 

by theTprSofThe 6 bt ^J 
' ba^tollTavif^fT®2 to ' 11 '- 1 negleCt tie effe0t of tbe dam Per i 

™2w S 6 de - Wmding ’ arnounts *0 the same thing 1 
as saying that m an mduction-motor diagram, if one renresen+f 

S/ect’rftoTh 011171 '®^ 2 a Single Veotor Jt - he is uegleoting the u 
But we !i v T^ cb eonsti tute a phqse at right angles to ? d 

represented P ° lypbase * °r ei*rent can be d 

STr by V lngle vo °tor- and the problem handled as h 

t g - f \ Wer ^ a sln &le-phase, but because.we handle it as single si 

.?“ £l “* ,hs ■**“ - * 

“z,it “rs w * 11 bi ” h r ““ • 

My ttary begin, tte ** 0 , .^ei ££ 

ItfstTuTtliri'T r to CQJi 'f attd single-phase aetioa factor K* 

«0P o, the calculation e, 4 S ^STSS±Z » 
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have less reactance than those in the middle. In all su, 
it is only necessary to calculate an equivalent bar arf 

proceed as tf all bars were like the equivalent bar. 

An example calculation of this kind, is as follows- In 
accompanying Fig. 2, let Z x equal the impedance of bats K 
and No. 5. Let 0, equal phase angle of bars No. 1 and 

1 -V* , jc i • 

0iat is, & = tan- 1 —— where Z, = jl. r ,s ai_, 


= where Z x =7^+^. Si® 

let equal the impedance o# bars No. 2 and No. 4 and 
be the wmsponding ph*ase angle. Let F s be the im-^» 
the middle bar and its phase angle. 

Calculate 

<Pi 

m , . . =& - A 


i'-’ 

I 


Then calculate 


- sin <Pi + 2 


np 

M 


- cos <p x -f- 2 • 


Then calculate B 


V X 1 -j- Y % and ft 1 = tan - 1 


The equivalent bar has an impedance of 


- cos <p 2 j 







■Symmetrical Group of Dampeb Bars 


plained in one of the foot notes in mv mner TUio . 

usu.PT,- i' e “ different materiel, 




he ^ „ , -ana -oroppea 

^ tip of the pole are nearer the surface and TT77 w r 

a. i, n. iL. Journal, 


, angle of jft 3 -ft. 

; th6 im P edanees of the several bars n. 

' cSdJp? gh ‘ C D f m K - Wben ;t 1S toought necessar; 
calculate a new K, we have a fairly elaborate formula involv 

' SL Tl bar mpedailces - Phase angles, and the space ar 
between the bars. Usually, this is not necessary. 

mot 2 d ,“f mean f 0 that the double-squirrel-cage synchro® 

desimht t r ^ 1 ValU6 ' Wbat 1 did sa y, is that it is m 
esirable to limit the inrush by the use of a high-resista 

Sod H W the USe of highroactauce'becauset 

method gives a higher average torque per ky-a. In %1 

peed mo to* where there *is a greater d«pth of pole head i 

d U J r 6 toy rrel «cage can be used to greater advantage a, 

full-voltaJSngelis^ 6 “ brm ^ ng many rotings-within I 
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Discussion at Kansas Git^ 

A 21,000-Kv-a. AUTOMATIC SUBSTATION 1 

(Ellyson) • . 

Kansas City, Mo., March 17, 1927 

of ! H -r ian ‘ „ Mr - E1Iysort ’ s Paper outlines'the con 
control °^ d manUal y °P erated station to modern automal 

might he weU to Point out that some of the things wf 
re one m this station, while they appear at first viatica 
order, are justified beeause the old manual equipi 

be used a gV n m the redesign of the station. 

• tbin S coming under this category is the oil break- 

.. f. 6 A'Sh-vcltage side of the main transformers. In a i 

“®“! e f ost of toese oil switches could probably not l 
to !!2 d .’v U \ aS We see Mr ' Eton’s station, we realize thi 
=m 11 ° d br6akers referr ed to were already installed and a vei 
man amount of control applied to them resulted in a 
ment that was well worth it. 

+ , ^ ve ^ r ^ >roiulneil t point in the operation of this stai 

<?nTYrV^ 0 -? 111)011 of a transformer, or even 

. eeder, a portion of the substation’s distributi 1 

s e erate ly dropped and the automatic gear dej 
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'to restore service to that portion of the load very quietly. This 
is being done in a large number of pla^s in this country with 
particular reference however to transformer failures 

I know of no other case where the failure of a transformer 
cable is permitted to cause an outage of a portion of the station s 
load Exceptions to this, however,‘are stations where the total 
supply is over a singl* transmission eireuit with a reserve circuit 

available but not closed on the station bus. * 

Iu certain substations of the St. Louis system, the entire 
substation load is dropped uporf failure of the transmission- 
cable. This applies, however, only to stations wltere the 
growth is not sufficiently advanced to permit installation of a 

second preferred supply eireuit. ... 

Initially, these St. Louis substations are started out with a 
single 33-kv. supply cable which originates on the secondary 
side of a step-up transformer located at the power plant. The 
oil switch controlling the transmission circuit is on the power- 
plant side; t. e„ % 13.8-kv. side, the high side being switched 
only by air-brake, hand-operated switch units. _ 

The circuit thus led out of the power plant arrives at the sub¬ 
station and is switched to the 33-luv. bus through am oil breacer 
■with ordinary protective equipment. A second similar circuit 
is carried from tie power plant to this substation but, by means 
of tap connections, runs also to one or two other similar sub¬ 
stations. This second circuit ^ts as a reserve at the two or 
three stations-and the oil switches on each of the ends are 
normally in “open” position, the cable of course being charged 

.from the payer-plant end. * ... 

The failure of a preferred transmission circuit relays, tne 
■elceuit on the 13.8-kv. side at the power plant, thus de-energizing 
the entire substation. A preferred emergency transfer equip- 
|| ment at the substation opeus the oil breaker on the defective 
line and closes the emergency supply line (if alive) on the bus, 
thus restoring the service. The entire performance of restora- 
HPou is carried out in something under 10 sec. 

Kg A substation whose load: increases above the prescribed 
"limit of a single transmission circuit, (7500 kv-a.), acquires a 
second pref&red transmission circuit, at which period in its 
L jjfe, the transfer equipment is so altered as to permit parallel 
Operation of -the two preferred circuits at all times with the 
^Bemergeney cirtu.it normally open. 

Directional relays are installed on the substation ends of the 
transmission circuits. The failure of a preferred transmission 
'/circuit after this period in the life of the substation does not 
eanse an outage, but the circuit relays at the power-plant end * 
in overload and at the substation end on reverse current. 
This perform*a%ce of course throws double load on the remaining 
preferred transmission circuit. 

In this case, the function of the transfer device is to parallel 
the emergency .circuit with the remaining operative preferred 
circuit, which is done in about 10 sec. and after automatic check 
for synchronism. 

If, for any reason, the preferred circuit which has relayed is 
again made alive, the transfer equipment restores conditions 
to normal; i. e the preferred eireuit which is open checks for 
synchronism, closes and, upon closing the emergency circuit, 
is opened. • • 

The foregoing description may tend to qualify Mr. Elly sort’s 
arrangement in his station. * 

In the matter of transformers, the St. Louis stations do not 
actually carry a spare, but transformers which have water 
coils are used adding approximately 50 per cent to their capacity. 
As a complete substation usually embodies four transformer 
units, it follows that so long as all four units are available, the 
self-cooled rating is used, but that upon the failure of one of the 
four units, the application of cooling water to the remaining 
three, (and this is done automatically), will permit operation 
of the station without abnormal loads on any unit. 

I should like to ask Mr. Ellyson to indicate why he finds it 


necessary to have so large % ratio of ampere capacity in out- • 
going feeders to ampere capacity of transformers. It is note 
that the ampere capacity of all transformers in this station 
excluding emergency transformers, is 2760 amperes, while me 
total capacity based on the rating of the regulators of his out¬ 
going distribution is 4000 amperes. This # ratio^ is so much 
wider than we are compelled to use in the St. Louis system that, 

I feel an explanation is warranted. 

A 15,000-kv-a. station in St. Louis has a total ampere capacity" ^ 
*in transformers of approximately 1950 amperes at 4500 volts. 

We find that these transformers cannot supply more than 
ten distribution circuits rated at 250 amperes each, or a total 
of 2500 amperes. • 

• In connection with the general arrangement .of regulators, » 
whoever we can we attempt to keep down the number of 
regulators in a row or the number of regulators which may face 
eadh other across a narrow aisle. ' 

Mr. Lichtenberg’s pteture may give some idea of what we 
have attempted to do along these lines in Si. Louis. So far 
as possible we use a unit structure; that is, we attempt to 
assemble in a single set of. barriers isolated from everything 
else, all of the equipment connected with a three-phase distri¬ 
bution circuit. 

An exception to this is the control panel, which we mount 
as near to this structure unit as possible without actually expos¬ 
ing to danger the man who attempts to manipulate the equip¬ 
ment on the panel. 

In the past several serious regulators fires in St. Louis have 
demonstrated that in spite of the use of barriers between regu¬ 
lators, one loses almost the total number of units in the row. 

C. M. GiftS In Brooklyn we have no completely automatic 
stations at the present time. We have from two points of view a 
problem ahead of ns in our d-c. Edison system. The land is 
becoming so valuable that we cannot afford to keep some* of our 
stations and it appears that we can’t change all of their load 
completely to alternating current. We shall have to abandon 
the old stations and scatter them about in some small automatic 

stations. * . 

•Then there is another thing.ahead of us; in some sections 
where we are changing this direct current to alternating current 
there may be two or three large customers who have such ex¬ 
pensive equipment that it may be impossible to change them 
over. The solution se.ems to be to have some small automate 

stations located on these premises. 

We are not entirely non-automatic, because eight out of ten 
a-c station^ have automatic reclosing devices. These vary in 
capacity from 30,000 to 50,000 kv-a. each. The two that are 
Kbn-automatie are so because the feeder breakers installed do 
adequate rupturing capacity to stand the reclosing duty cycle, 
particularly as we like to have the first re-closure instantaneous, 
feeling that gives the best service we possibly can to our 

customers. # . _ , , 

The question might arise as to why we couldn t make entirely 
automatic the stations in which we have alternating current auto- 
matic re-elosing feeders. The reason is, I think, onr policy of 
restoring feeders in ease a feeder goes ont. Most of these feeders 
are three-pole. In case'a feeder is locked out, we put it over on 
our transfer bus, which is fed by single-pole breakers and see if 
one or two of the phases won’t stay in and maintain a large pro¬ 
portion of the lighting load. 

The other thing is that after a feeder has gone through its • 
automatic re-elosing cycle and is locked out, we immediately 
get our distribution people on the circuit and close our breakers as 
fast as we cau when they think they have found the trouble. 
In other words, we keep a man in the station to close the breakers 
as fast as the distribution people think they have found the 
trouble and cleared.it up. 

Our station layout is a little different from any shown so far. 
We have feeder busses fed directly from 10,000-kv-a. transformers 
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heir lines extend over greater distances, the use of syn- tl 
ous condensers becomes a considerable factor in tttte regula- v 

on of voltages at different points. •?' 

It has occurred to me that possibly some of these synchronous 11 
condensers at different points could have a 25-cyele generator t. 
connected to the big, 60-cycle synchronous condensers It might n 
ook, in a good maw eases, like an exciter connected to |he t 
synchronous condenstr. However, it might be big enough 
provide a means of interchange of power in sufficient quantities e 
bo provide for the needs of the steel plant when it wanted to a 
buy power and also to provide an outlet for a maximum amount e 
of power which the steel plant might have available at any e 
■particular time in its operations. A ' c 

The various rolling-mill layouts which Mr. Umansky showed, • e 
J think, are very typical of the modern trend of steel-mill design 
amd rolling-mill design. There is just one thought that I should g 
like to mention in this connection, for fear that possibly some 1 
one who is not a steel-mill engineer might he a little misled. ] 
The big thing in rolling-mill practise is to obtain tonnage ( 
from the mill, and, with the various Kraemer and Scherbins ] 
drives as illustrated, it must always he borne m mmd that the , 
fijrst consideration is that the particular electrical drive to be ( 
Hooked to the iftill must enable the millman to deliver from the 
mill the maximign amount of tonnage at the lowest possible 
cost, and cost in a polling mill Ijjpges almost always around pro¬ 
duction more 4han any other factor. So that when yon think 
cost in a rolling mill, you are almost saying “reliability, 5 since 
drive that is not reliable, eith®r because of complications or 
anything else, would immediately run the cost up by virtue of 
the fact that it would reduce the tonnage. The actual dollars 
and cents expended on labor and material in repairs might be 
negligible but the reduction in tonnage would be a serious matter. 

So that while we like to-feel that we are going after all the effi¬ 
ciency we can get in mill drives, we should not hesitate to 
throw out 3 or 4 per cent* of efficiency if there was a thought 
Ci "that a d-c. drive might produce more tonnage oh a mill than either a 
C&raemer or a Scherbius or any other system of a-c. drive.^ In 
other wmrdsf production is the most important factor, especially 
where the product of the mill is not determined at the time it is 

laid out. # * • 

Of course, if it is known beforehand that the r^ill is never going 
to roll anything else but a particular product, it is comparatively 
easy to make the layout. So that while we want to do every¬ 
thing we can to make the drives more efficient, the big point is 
always reliability and flexibility, whenever flexibility means more* 
tonnage. That, to my mind, is the big factor in the matter of 
drives. • 

I wish also to emphasize further the point that you cannot say 
that one drive, because‘it has worked out excellently in one mill, 
will always work out so well in the next mill. Each mill must 
necessarily be "laid out for itself and for the purposes which the 
product of the mill demands. In some cases two mills may 
look alike in the number of stands, but the product may he 
different and consequently it may be necessary to have an entirely 
different type of drive. I ffrel that that particular point is one 
of the best points brought out by Mr. TJmansky. 

A. J. Standing: The mills should be so designed that the 
mill layout may not be the limiting factor; in other words, the 
mill shall be so laid out from the heating and the furnace end of 
it that steel can he delivered to the drive as fast as the drive 
can roll it, and that, at the other end of the drive, steel can be 
taken care of at the finishing and disposal end fast enough to 
take care of the drive. The reason I mention this is because 
oftentimes the mill is laid out for the product^dn of one product, 
and later we find that the mill has undergone considerable change 
from the time when original product was got out. So that in 
putting a drive on a mill, the past experience has a great deal of 
weight due to the fact that information has been obtained as to 
the speed with which we can handle steel both before it enters 


the drive and especially after it leaves the mill. With that in • 
view, I think the steel manufacturers each year are gaining more 
experience with various installations so that those who are 
^installing electrical drives from now on will be able to profit # by 
the actual applications and the improvements which have been 
made in the tonnages, especially from the standpoint of cost per • 
ton. 

R. H. Wright; Under present-day business conditions, it is 
essential that any organization, to be successful, must be quick to 
‘ ad*>pt new methods and equipment. Steel plant engineers and * 
executives for years have been pioneers in the application of 
electrical equipment to heavy mechanical operations and, through 
continual expansion of their electrical power systems, they have^ 

* effected great economies of operation. • 

One of the chief advantages of the electric motor drive in the 
steel industry, in addition to the inherent economy, is the ex¬ 
treme flexibility and the ease with which it can be applied to new 
processes and labor-s§rviisg devices. Through liberal use of 
electric motors and automatic control in the modern steel 
plant, the output per man has been increased many times and the 
accident hazard reduced*bo a minimum. That the advantages of 
electrification can he obtained without sacrificing plant produc¬ 
tion during installation of new equipment is illustrated by a 
project recently completed in the Philadelphia district. All the 
steam engines in this plant were replaced by electric drives 
operating on purchased power in less than three years with no 
appreciable loss in production during the changeover period. 
The saving in power cost and operating labor will, in three years, 
cover the <*)st of the installation. 

To meet th£ peculiar needs in the industry, the electrical manu¬ 
facturers have developed complete hues of equipment for steel 
mill service. One of the first main-roll drives was a reversing 
motor, installed twenty years ago to drive a plate mill. . Since the 
initial installation reversing motors have been increasing in size 
until units rated 7000 h. p. at 50 rev. per. min. are now quite 
common and one motor has been built for 8000 h. p. at 40 rev. 
per min. 

Up to a few years ago all reversing motors above 5000-h. p. 
rating were built -with two armatures on,a common shaft. 
Direct-current power was supplied to the motor through a motor- 
generator set having two generators. In order to keep the volt 
age to ground from exceeding the potential of one generator, 
a sandwich scheme of electrical connections was employed 
the circuit between the generator armatures and the double- 
armature motor. Motor-generator sets with two generators 
are used with the more recent equipments, but the double-unit 
Vmature construction of the motors has been abandoned, and 
one SOOO-h. p. and six 7000-h. p. motors have been built with 
single-unit armatures by the Westinghouse Company. 

It will be obvious that the single-unit motor has one-half the 
armature end windings of a double-unit motor of the same rating 
and diameter and that the dumber of cross connections for the 
commutating pole and compensating windings is also reduced to 
half that required for a double-unit ‘motor. The copper loss of 
the single-unit motor is therefore about 25 per cent less th%n the 
copper loss of a double-unit motor of the same rating and the 
| efficiency is higher. 

! When two generators are used in the motor-generator set they 
i ' are connected in parallel. Equal division of the rapidly varying 
> load to which such generators are subjected is obtained by, 
, means of special field connections. As shown m the accompany- 
5 ing figure, each generator has a differential senes winding and a 
cumulative series winding. These windings are identical and 
5 under balanced load conditions, they neutralize each other 
l However, if No. 1 generator, for example should tend to take 
P more than its share of the load, the differential series field of the 
) No. 1 generator would be stronger than the cumulative series 
3 field and the voltage; consequently, the load on the No. 1 genera- 
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tor would be reduced. At the sam£ time, the excess of current 
from the No. 1 generator would strengthen the cumulative 
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winding of the No. 2 generator, causing it to take more load. 
Any tendency for unequal division of load is therefore corrected 
very quickly. 

W. E. Lloyds I should like to include one question. How is it 
controlled? Do you have a dozen men or one man with a push 
button? 

L. A. Umansky: This paper was not intended to cover the 
very interesting point just brought up by Mr. Petty; namely, 
the interchange of power between the steel plants and the public 
utilities. It is very fortunate, however, that this problem has 
been mentioned here as it is a very vital one and will undoubtedly 
grow in importance as time goes on. Whenever the steel 
plant operates at a frequency of 25 cycles, while the purchased 
power is available at 60 cycles, the two systems *will be^ un¬ 
doubtedly tied-in by means of special frequency-changer sets. 
Their purpose will be not only to convert the 60-cycle to 25-cycle 
power, or vice versa, but also to control the flow of power between 
the two systems. It means that while one unit, presumably 
at the 60-cycle end of the set, will be of a synchronous type, the 
25-cycle unit is likely to be an induction motor with a speed¬ 
regulating equipment attached to it. The latter m£y be- similar 
to the Scherbins, Kraemer, or similar systems outlined in this 
paper. The actual speed of the frequency-changer set is not 
changed as long as the frequencies remain fixed, but, by control¬ 
ling the frequency applied to the secondary circuit of the induc- 
ticfti machine, the latter may be given a tendency to operate 
eiftier as a motor or as a generator; in this manner the inter¬ 
change of power between the two systems may be readily con¬ 
trolled. The synchronous motor of the set, if suitably designed, 
may also act as a synchronous condenser on the 60-cycle line. * 

We all agree with Mr. Petty that the question of reliability and 

flexibility is just as important in selecting electric drives for 
rolling mills as is the question of efficiency. So many of both a-c. 
and d-c. drives are in successful' operation for many years that 
their reliability certainly should be considered on a par. 

No reversing drives were mentioned in my discussion as there 
were no radical changes made in this line for the last ten or fifteen 
years. Many details were undoubtedly improved, as pointed 
out by Mr. Wright, but the method of operation of the machines 
remains substantially unchanged. A single-unit armature of a, 
say, 7000-h. p. reversing motor, is an improvement of size rather 
than of kind. When two generators are supplying power to a 
single-armature reversing motor, means should be provided, 
*of course, to divide the load automatically and evenly between 
the two generators. The scheme mentioned by Mr. Wright is very 
effective for this purpose; as a matter of fact, the same scheme 
is used for a number of years on the double-unit, d-o. motors 
shown on Figs. 3 and 4 of my paper. It should be borne in mind, 
however, that if we equip each of the two machines with two 


w 

latter carry the full cuprent but, in the ideal ease, do not produce 
any flux.* In other words, the balance is obtained magnetically 
and not electrically. By causing the current to circulate through 
two series fields, the copper losses are increased and the efficiency 
is, therefore, reduced. 

The reversing drives usually give an excellent opportunity to 
apply a simpler but an equally effective ^heme which, at the 
same time, is devoid of the above shortcoming. A relatively 
small potential winding may be mounted on the main poles of 
each generator and these^auxilfhry fields of the two machines are 
then connected in series with each other. They are so wired that, 
when one of them acts cumulatively with the main field of its 
generator, the other auxiliary winding acts differentially with 
p the main field, of the second generator. The free ends of the 
auxiliary fields are connected to terminals of the two generators 
of the same polarity. The current of each generator is carried 
separately to the reversing motor, where the two circuits are 
joined together. When the load is evenly divided between the 
two generators the I R drop in each circuit is equal and, therefore, 
no current is flowing through the auxiliary fields. If, for any 
reason, one generator carries •less than its proper share of the 
load, the IR drops in the two Circuits will differ and therefore a 
current will flow through the auxiliary fields, strengthening the 
main field of this particular generator and weakening the field of 
the second generator, thereby ^-establishing the balance. It 
will be seen that the results are obtained directly by means of an 
electrical balance; in other words, the auxiliary field does not 
carry any current in case the lofld is evenly divided. .The copper 
losses are lower than in the scheme described by Mr. Wright 
and the main poles are less crowded. 

This scheme has been in successful operation for a number of 
years. It will be of interest to note that just a few days ago a 
large rolling mill was started at the Lackawanna Plant of the 
Bethlehem Steel Company. This mill includes five reversing 
drives, of which three are 7000-h.^., single-armature motors, 
each furnished with power from two generators connected in 
multiple. The division of load is load is maintained in a perfect 
manner by means of the scheme just described. 

Once the reversing driven are discussed, I wish* to mention one 
other point Vhich may eventually change in one respect the 
conventional forth of these equipments. It has been commonly 
understood that any reversing drive requires a motor-generator 
set equipped with a heavy flywheel to equalize the load on the 
.incoming line. This is still true for the larger reversing drives, 
but, as the power systems grow, the question of limiting the 
instantaneous peak load will acquire relatively le^ importance. 
Just recently, a reversing drive which will include a synchronous 
motor-generator set was ordered. The power in this case was 
purchased from a public utility and the question was put squarely 
before the power company: Did it prefer to take on its system 
a heavier instantaneous peak load, not smoothed out by any 
flywheel, or to reduce this peak load and contend with the lagging 
power factor of the induption-motor-driven set. The answer was 
in favor of the synchronous motor drive. While this particular 
reversing drive is of a moderate size, (4200-kv-a. synchronous 
motor), I believe that it is a forerunner of larger equipments 
provided wfth synchronous motor-generator sets. Maybe in ten 
or .fifteen years from now, even the 7000-h. p., reversing blooming- 
rmll drives will lose one of their typical features,—the flywheel 
set. : :g ' , :. ' , , f 

Mr., Lloyd inquired as to how many operators usually control a 
large continuous mill with individual drives. The motors and 
the motor-generator sets are usually fully protected by automatic 
devices, and, strictly speaking, no attendant is required in the 
motor room. The actual starting speed adjustment and stop¬ 
ping of each drive is controlled by one man in the operating pulpit 
having within his easy reach the* necessary master switches, 
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series fields, one cumulative and one differential, then the load navuig wiuuun mo *“—- - 

balance is maintained at the expense of crowding the main poles push buttons, rheostats, etc. One man is usually sufficient to 

of the machine with a double amount of series field turns; the do this work; a second man would be comparatively useless. 
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ILLUMINATION ITEMS 

By Committee on Production and Application of Light. 

CHECKING UP AN INDUSTRY ON ITS LIGHTING 

At a recent convention of the Association of Iron and 
Steel Electrical Engineers, 1 Mr. Ward Harrison 2 pre¬ 
sented in a paper entitled “Fifteen Years of. Steel Mill 
Illumination What Change?” a study of what such 
lighting was, is, and should b£. 3 In terms of the cost of 
steel, the cost of light from 1912 to 1927 has gone down 
in the ratio of 16 fo 1. If one foot-candle was the 
illumination provided in the earlier day, the same ratio 
of cost of light to cost of steel would today provide six¬ 
teen foot-candles. 

There is really no excuse whatever for a steel mill to be 
poorly lighted with cost of power so relatively cheap, 
but the fact remains that many of them are very badly 
lighted. In this respect they^re almost without excep¬ 
tion on a decidedly lower h^sis than other progressive 
industries. * 

The steel iitffiistry has improved a little more in 
average efficiency than iiffiustry as a whole. Two 
industries which stand out as conspicuous examples of 
improved efficiency, as measured by the value given to 
the public for the dollars it spends, are also conspicuous 
as being the best lighted industries in America. Even 
though it is not assumed that good lighting is responsible 
for this increased efficiency, it is interesting to see that 
the executives who guide two of the most progressive 
and important of our industries today believe that good 
lighting is worth its cost and will return a profit. One 
of these industries is the motor car industry; the other 
is the electrical industry. 

In* the former, vye find long'lanes in which work is 
illuminated • to 60 foot-candles with tire energy con¬ 
sumption of 10 watts per sq. ft. of floor area; press rooms 
where lamps mounted 40 ft. above the floor produce an 
average of 20 foot-candles; other work rooms where- 
large areas are lighted to 45 foot-candles at an expen¬ 
diture of foflr watts per sq. ft. * In the large shops and 
assembly rooms of .motor car factories, the present 
standard of illumination is from 20 to 30 foot-candles 
obtained with 300-watt lamps on from 8- to 10-ft. 
centers. How does the steel industry compare with 
this? 

In the General Electric Company plants, wiring for 
standard lighting instalfation can now supply three 
watts per sq. ft., with a line drop from not exeeedingl.5 
volts panel board. (Branch circuits will carry five watts 
per sq. ft. with a drop not greater than 2.5 volts). 
Lighting fixtures have been standardized to provide 
levels of illumination as high as those mentioned above. 

These industries have found that light aids produc¬ 
tion, and carefully conducted tests involving various 
kinds of wo rk have been made toward correcting pre- 

1. Twenty-third Annual Convention, Pittsburgh, June 1927. 

2. Director of Illuminating Engineering National Lamp 

Works of G. E. Co. ' 

3. Paper printed in Iron and Steel Engineer, June 1927. 


vious conditions. Increases in production ranging from 
^10 to 35 per cent have been obtained when lighting was 
improved; ordinarily an increase of .approximately *15 
per cent is obtained by the installation of a system which 
provides light at a cost of. about twp per cent of the 
payroll. Other advantages,—improved quality, de¬ 
creased spoilage, better supervision, greater order and 
'•neatness and, even more important than these, reduc¬ 
tion of accidents—are obtained simultaneously. Many 
accidents in steel mills cannot be prevented by the use 
•• „ of safet 7 devices, but carelessness is of course responsible* 
for many others. In almost every mill, there are unpro¬ 
tected machine parts in motion, obstacles in aisles and 
passage ways, and shadows that hide sharp cutting 
edges. In this particular field, there are extreme and 
blinding contrasts created by incandescent metals 
which, unless alleviated by good lighting, are too great 
for the eyes to stand. 

Although at one time among the leaders, the steel 
industry is now far behind the practise of others in the 
lighting field. Specific suggestions for the improve¬ 
ment of lighting in various parts of the plant are given 
by Mr. Harrison in an appendix 3 that discusses both 
interior and exterior lighting in detail. 


BRIGHT LIGHTS LURE TENT CATERPILLARS 

According to the State Experiment Station at 
Geneva, New York, trial tests indicate that tent cater¬ 
pillars, most ravenous of all insect pests, will forsake 
succulent young apple twigs any time to gather about a 
yellow electric lamp where there is plenty of light but 
not much bhg fodder. 

As a part of a study of the reactions of insects to 
various colored light, apple branches were arranged 
radially from a central point toward lights of different 
colors. The insects were placed at the hub and per¬ 
mitted to choose their own path to the light which 
attracted them most. Hungry caterpillars that could 
-see a pale yellow light didn’t stop for so much as a 
Wayside bite, but dusted right along the twigs to the 
lamps. Some chose a light of deeper yellow and some 
even left the twigs to gather 6n the glass behind which 
the light shown. The red light appeared to appeal to 
only a few. . * 

The study of insect control Jby means of electricity, 
thus undertaken, will include not only the reactions Of 
insects to different types and colors of light, but* will 
also test the possible effects of radio waves a? well as 
the trapping of insects with lights as bait. 


Because of eye strain in schools due to improper* 
lighting, the Illuminating Engineering Society has 
framed a lighting code for schools and the authorities 
consider it adequate. The only states in which schools 
are reported as having conformed to this code, however, 
are New York, Michigan, Minnesota and Wisconsin. 
Other states and territories are studying the code with 
the idea of applying it. 
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ment features will be provided for women guests and will include 
bridge parties, motor'trips, golf, swimming, tennis and similar 

activities. * „ . , 

The annual banquet to be held on Thursday evening will be 
the largest general social affair. Here again the Entertainment 
Committee has provided numerous interesting features. 

Inspection trips will be arranged for th* purpose of enabling 
defegates to visit important projects of sfn engineering nature. 
In addition to the points of interest near San Francisco, there are 
available from Del Monte, the JPit River and Melones projects of 
the Pacific Gas and Electric Company, the Kings River project of 
the San Joaquin Light & Power Corporation, and the Big Creek 
development of the Southern California Edison Company. In- 
n spection trips will be arranged by the entertainment committee 
as desired. One'trip in particular that will be of more than 
usual interest will be the visit to the Ryan High-Voltage labora¬ 
tory at Stanford University where Dr. Harris J. Ryan himselt 

will be the host. x-i tt x i -n i 

The location of the Convention headquarters, the Hotel Del 

Monte on the Monterey Peninsula, is most fortunate. This is 
an ideal spot for pleasure, offering as it does a combination of 


9 Program for Pacific Coast Convention 
at Del Monte, September 13-16 

' \ very profitable and enjoyable four-days meeting is planned 

for tbe coming Pacific Coast Convention of the Institute which 
will be held in Del Monte, Calif., September 13 to 16, with head¬ 
quarters at the Hotel Del Monte. The technical pSpers are of 
highest quality and will cover some such timely subjects as appli- 
cation of intermediate synchronous condensers to transmission 
lines, transients and oscillations in transmission lines, oscillo¬ 
graphic recording of transients, corona, the sphere-gap voltmeter , 
high-voltage circnit breakers, carrier-current protection, carrier- 
current communication on power alines, long-distance and toll 
telephony and lightning protection for oil tanks. The number 
of papers on the program has been kept low so that there will he 
ample time for discussion. In addition to the technical papers 
there*will be addresses by President Bancroft Gherardi and Dr. 
Harris J.ipRyan. Further information on the events is given in 
the accompanying tentative program. 

A feature of the Convention will be the Student and Branch 
program held on the first day. There will first be a luncheon 
*and then a conference of Branch Counselors and Chairmen and 
this will be followed by a session devoted to technical papers 
written by the students. All members are invited to attend 
these meetings. 

In addition to the excellent technical program to be presented, 
there will be numerous entertainment features and sporting 
events. Probably outstanding in the latter will be the annual 
golf tournament with the J. B. Fisken cup as the prize. Other 
sports include swimming, tennis and boating. Special entertam- 



Hotel Del Monte—Headquarters for the*A. I. E. E 
Pacific Coast Convention 

mountains, forest and ocean. By special arrangement with the 
"hotel, the following rates will be offered for the convention: 

HOTEL DEL MONTE 

DAILY BATES INOLUDIN.G MEALS ____ 


Room 

No. of 
persons 

Price per 
person 

<5 

1 

$ 8.00 

T'lrvnhlA wit.Vmilti •• 

r 

7.50 


1 

10.00 

TImiMp with hfi.th 

2 

9.00 

Two singles, bath bet. 

Two doubles, bath bet. 

* 2 

4 

9.50 

8.50 


All plans, for the meeting are being ably handled by the 
following general committee: P. M. Downing, Chairman 
D. I. Cone, Vice-Chairman; G. H. Hagar, E. A. Crellin, W. L 
Winter, W. R. Van Bokkelen and A. G. Jones. 

Tentative Program 
Tuesday, September 13 
Morning Registration 

12:00 m. Student Branch Counselors' and Leaders’ Luncheon. 
2:00 p. m. Student Branch Conference. 

3:00 p. m. Student Technical Meeting. 

Evening Open. 
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Wednesday,* SIjptem^er 14 # * 

9:30 a. m. Technical Session. 

The Relation between Frequency and Spark-Over 
Voltage in a Sphere-Gap Voltmeter, °L. E. Reu* 
kema, University of California. 

The Space Charge that Surrounds a Conductor in 
Corona, J. S. Carroll and J. T. Lnsignan, Jr., 
Stanford University. „ 

Electric Oscillations in the Double-Circuit Three- 
Phase Transmission Line , Y. Satoh, Stanford 
University. • 

Afternoon Recreation. # . ■ *» . 

8:00 p. m. General Meeting. 

Address by President Bancroft Gherardi. 

Address by Dr. H. J. Ryan on Phases of Future" 
Electrical Development. 
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# # Networks , Roy Wilkins and E. A. Crellinf Pacific 

Gas & Elec# Co. 

Lightning Protection for Oil-Storage Tanks and 
Reservoirs, R. W. Sorensen, J.*H. Hamilton and 
C. D. Hayward, California Institute •of 
Technology. 

Lightning Protection for Oil*Tanks, E. R. Schaeffer, 
Johns-Manville, Inc. 

Friday afternoon and Saturday—open for 


Thursday, September 15 
9:30 a. m. Technical Sessions. 

Advance Planning of the Telephone Toll Plant, 
J. 1ST. Chamberlin, Pacific Tel. & Tel. Co. 
Tandem System of Handling Toll Calls in and About 
Los Angeles, E. Jacobson, American Tel. & Tel. 
•Co., and F. O.^VTieelock, So. California Tele- 

• ghone Co. 

Coupling Capacitorsjor Carrier-Current Communica- 

• tion over Power Lines, T. A. E. Belt, General 
Electric Co. 

A Carrier-Current Pijpt System of Transmission-Line 
Protection, A. S. Fitzgerald, General Electric Co. 
1:30 p. m. Technical Session. 


A Swimming Pool at the Del Monte Hotel 



Transients Due to Short Circuits, R. J. C. Wood and 
L. F. Hunt, Southern California Edison Co., 
and S. B. Griscom, Westinghouse Elec. & 
Mfg. Co. 

Equipment for # 220-Kv . Systems, J. P. Jollyman, 
Pacific Gas and Elec. Co. 


The Golf Course 

• * 

Static Stability Limits and the Intermediate Condenser 
Station, R. D. Evans and C, F. Wagner, West¬ 
inghouse Elec. & Mfg. Co. 

Synchronous Condensers, P. L. Alger, General Elec¬ 
tric Co. 

7:00 p. m. Banquet. 

Friday, September 16 

9:30 a. m. Oscillographic Recording Apparatus for Transmission- 
Line Studies, J. W. Legg, Westinghouse Elec. 
& Mfg. Co. 

High-Voltage Oil Circuit Breakers for Transmission 


A Gjceat Summer Convention Held 
in Detroit 

The 1200 members and guests of the Institute who attended 
the forty-third Summer Convention held at the Book-Cadillae 
Hotel, Detroit, June 20-24, were amply repaid by a most excellent 
program of valuable technical contributions and many enjoyable 
entertainment features. Eight tec hni cal sessions as well as 
conferences f^of Section delegates and Branch counselors were 
held; also a meeting of the Board of Directors and a number of 
committee meetings. % There were, too, nunferous trips and *a 
number of social and sports events. 

The Convention was officially opened on Tuesday morning, 
June 21, by Alex Dow, Chairman of the General Convention 
Committee. Mr. Dow, representing also the Mayor of the CSty 
of Detroit, extended a hearty welcome to all in attendance. 

President C. C. Chesney then delivered his presidential address 
"'which created no little interest, and is published in this issue of 
uhe Journal. President-elect Bancroft Gherardi was introduced 
and responded with a brief and appropriate talk. 

Following, came the presentation of the Institute prizes for 1926 
convention papers of which full details were published in the 
June issue of the Journal, p. 638. 

m 

Technical Sessions 

In the following paragraphs are given the titles of the papers 
presented at the various technical sessions, and also some £>f the 
important points of the discussions. Many of the papers have 
already been published in the Journal and copies of afty of indi¬ 
vidual interest may be obtained from Institute headquarters. 
Full discussion will be published in later issues of the Journal. 

Power Plants, Transmission and Relays—Tuesday Session. • 

In the first technical session, held on Tuesday morning, (W. S. 
Gorsueh, Chairman), the following papers were presented: 
Holtwood Steam Plant, Design and Operation in Coordination 
with Water Power, F. A. Allner; Auxiliary Power at Richmond 
Station, J. W. Anderson and A. C. Monteith; Recent Investigations 
of Transmission-Line Operation, J. G. Hemstreet; Ground-Relay 
Protection for Transmission Systems, B. M. Jones and G. B. 
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Dodds^ Directional Ground-Relay Protection, J. W Breisky, 

Cr. W. King and J. R. North. 

, discussion following these papers, ground relays and 

insulator flashoves-s were the principal topics. H. P. Sleeper 
said that ground-relay protection is justified because (1) if 
minimizes danger at the fault and (2) it reduces the voltage drop 
on the system. He stated that the relay scheme described by 
Messrs. Jones and Dodd had been very effective for his system, 
haying cleared a conductor-to-sheath ground in a 26-kv. joint so 
quickly that no outward sign of the fault was evident. With a 
75-ohm resistance in the neutral, a voltage dip of 2 to 4 per cent n 
occurs compared with a 10 to 20 per cent drop with a solid grouhd. 
He uses line loads very successfully to check the relays and does 
not believe actual field grounds are justified. 

• B. M. Jones said that he believes actual grounding is desirable r , 
and also stated that in applying 305 grounds to cheek 484 relay 
installations, 17 errors in connections and settings were foundr 

E. E. George stated that directional ground relays are neces¬ 
sary for high-voltage systems. He employs relays operated by 
two currents, (over-current and directional), actuating one disk. 
He strongly favored testing with field grounds. 

H. A. P. Langstaff pointed out the value of ground relays in 
reducing the duty on oil circuit breakers. His company has 
discarded the watt-operated relay*for the current-operated. He 
most always favored testing with line loads. 

G. H. Doan stated that his company had been using a mechani¬ 
cally balanced differential relay with almost perfect success. 
Its operation is very rapid. He spoke also in favor of more 
powerful relays. Test transformers are employed by him in place 
of actual grounds. 

L. H. Crichton pointed out that the ground relays employed 
On a system having a neutral resistance might be eprployed on a 
system grounded without neutral resistance, provided a phase- 
shifting device is added to the relay. 

H. M. Trueblood pointed out that a ground resistance is de¬ 
sirable on grounded-neutral systems to minimize inductive dis¬ 
turbances on exposed communication lines. 

In commenting upon Mr. Hemstreet’s paper, E. E. George 
agreed that increasing the ground resistance increases the number 
of insulator flashovers. ° 

G. H. Doan corroborated Mr. Hemstreet’s statement that the 

m * 

tcp wire is most susceptible to flashovers. - He reported that in 
the Detroit Edison Company, 77 per cent of the flashovers on 
120-kv. lines occurred on the upper conductor. He also reported 
that since the installation of a ground -wire, switch openings, due 
to lightning, had decreased about 94 per cent; at the same time 
the number of storms per year had decreased about 50 per cent. 
He emphasized the, fact that high ground resistance results in a 
large number of flashovers. * 

R. L. McCoy agreed in recommending longer-spaced insulators 
to decrease the number of flashovers. He stated that grading 
shields increase from 15 to 20 per cent the flashover value of 
insulators. 

A. O. Austin also supported the v^lue of a well installed ground 
wire. He pointed out that higher transmission fines have more 
flashovers in proportion to height than might be expected. 
He then drew attention to the advantages of wood poles and 
mentioned the fact that counter-poise ground wires are being 
investigated with an offer of advantages. 

The Electric Arc — Tuesday-Evening Lecture. 

One of the most valuable Technical contributions was the lec¬ 
ture by Dr. K. T. Compton of Princeton University on 4 ‘The 
^Physical Nature of the Electric Arc,” on Tuesday evening. 
The meeting was presided over by Prof. V. Karapetoff, and some 
interesting discussion developed. 

Joseph Slepian mentioned a number of experiments which he 
had performed and which had proved that arcs may be formed 
which cannot ( be attributed to thermionic emission. 

J. C. Lincoln described a novel phemomenon which he called an 


^eiectric torch” and which demonstrated an unusual type of arc. 

Professor Kafapetoff drew attention to the fact that Dr. 
Compton’s lecture d^dt mainly with the simplest form of arc, 
with which Jhe electrical engineer is usually not concerned. He 
pointed out, however, that Dr. Compton’s theories and reasoning 
would be of great value in the study of the types of arc found in 
practical use. • 

Technical Committee Reports—Wednesday,^Session A. 

* The technical program on Wednesday morning consisted of the 
presentation of fourteen Technical Committee Reports, and a 
report of the Standards^ Comfriittee. These reports were pre¬ 
sented ih two sessions. In Session A, at which H. B. Smith 
presided, the following reports were "given: Research , J. B. 
Whitehead, Chairman, (presented by F. W. Peek); Electrophysics , 
Vladimir Karapetoff, Chairman; Standards, J. F. Meyer, 
Chairman (presented by H. A. Kidder); Instruments and 
Measurements, A. E. Knowlton, Chairman; Communication , 
H. P. Charlesworth, Chairman; Production and Application of 
Light , P. S. Millar, Chairman; Electrical -Machinery , H. M. 
Hobart, Chairman, (presented by H. S. Barns). 

In the ensuing discussion on the report of the Committee on 
Research, C. E. Magnusson and R. W. Sorensen both differed 
with the report’s statement thafc only a small amount of research 
is being done in the colleges. They stated that extensive and valu¬ 
able research is being done in many colleges. Chey pointed out 
the difficulty, financially, of supporting collet research and sug¬ 
gested that the industries which benefit from such Research should 
contribute much more freely of financial assistance. F. C. 
Caldwell, R. E. Hellmund, F.^A. Brownell and J. C. Clark also 
contributed to the discussion.of these reports. 

Technical Committee Reports — Wednesday, Session B . 

In Session B on Wednesday morning, at which D. W. Roper 
presided, the following Technical Committee Reports were 
presented: Power Generation, W. S. Gorsuch, Chairman; Power 
Transmission and Distribution , Philip Torchio, Chairman; 
Protective Devices , F. L. Hunt, Chairman (presented by E. C. 
Stone); Applications to Iron and Steel Production , A. G. Pierce, 
Chairman; Applications to Mining Work, W. H. L#sser, Chair¬ 
man; Transportation , J. V. B. Duer, Chairman; Electric Welding , 
J. C. Lincol^, Chairman; Electrochemistry and Electrometallurgy, 
G. W. Vinal, Chairman (presented by E. C. Crittenden). 

In discussing -Sie Report of the Committee on Powgr Genera¬ 
tion, Philip Torchio said that manufacturers evidently have not 
reached the limit in generator sizes. He pointed out that the* 
.present coal economies are being obtained at the expense of 
increased capital investment. 

F. A. Scheffier said that .the coal used in pulverized form is 
approximately 17 per cent of the total coal consumption in public, 
utility plants in this country. 

In commenting upon the Report of the Committee on Pro¬ 
tective Devices, Alfred Herz cautioned against the use of unsuit- 
able'film in the klydonograph and the varying effects of atmos¬ 
pheric conditions. : 

J. Allen Johnson suggested the need for defining a standard 
lightning surge or transient voltage which should be used for 
comparative tests of lightning arresters. 

The discussion on the Report of the Committee on Applica¬ 
tions to Miming Work dealt mainly with the subject of “per¬ 
missible’ equipment. 

J?C. Lincoln in answering questions on his report stated that, 
although the Boiler Code does not permit electric welding of fire 
pressure vessels, the railroads have been successfully repairing 
locomotive boilers by electric welding for a number of years. 
Other discussors were S. J. Rosch, E. J. Gealy, A. M. 
MacCutcheon, E. C. Crittenden and F. W. Funk. 

Telegraphy, Phonographs and Television — Thursday, Session A. 

Telegraphy, phonographic reproduction and television were 
the topics of Session A Thursday morning. H. P. Charlesworth 
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was Chairman, at this session. # yhe following papers were pre^ 
sented: Printing Telegraphs on N on-LoaHed OceaTa Cable, Herbert 
Angel; A Non-Rotary Regenerative Telegraph Repeater , A. P. 
Connery; Electrical Reproduction from Phonograph Records, 

E. V. Kellogg; Symposium on Television, led by Dr. Herbert E. 
Ives. , 

In commenting on Mr. Angel’s paj^er, Mr. Connery stated that 
it is much easier to detect an error when using the three-element 
cable code than wherf<nsing the five-unit code. 

Mr. Angel pointed out that the received impulses with the 
cable printer are larger and better able to stand disturbances 
than the impulses when using cable Morse code and that the 
accuracy is quite as good. Commenting on Mr. Connery’s 
paper he stated that the rotary and non-rotary repeater each has 
its field. The rotary repeater, he said, is more suitable for leaking 
off messages. He said also that brush transmission is better than 
contact transmission. Mr. Connery claimed that in view of 
recent developments relay transmission is probably quite as 
satisfactory as brush transmission and is much simpler and easier 
to maintain. • 

In discussing Mr. Kellogg’s paper, C. R. Hanna claimed that 
any magnetic arrangement would give practically the same sensi¬ 
tivity and therefore the scheme ^hich is most suitable from a 
mechanical standpoint could be iSaplied. The two factors which 
govern sensitivity, he stated, are the net stiffness of the vibrating 
element and the inductance of the magnetic circuit. 

The symposmm^on television was abstracted in one short 
lecture by Dr.*H. E. Ives, who was introduced by E. B. Craft. 
In a brief and interesting manner Dr. Ives covered the main 
points in the group of five papers which were as follows: Tele¬ 
vision, H. E. Ives; The Production and Utilization of Television 
Signals, F. Gray, J. W. Horton and R. C. Mathes; Synchroniza¬ 
tion of Television, H. M. Stoller and E. R. Morton; Wire Trans¬ 
mission of Television, D. K. Gannett and E. I. Green; Radio 
Transmission of Television, E. L. Nelson. 

Demonstrations of the television equipment were given at 
various hours on Thursday* afternoon and Friday. A complete 
set-up of equipment for sending, transmitting and receiving was 
in operation^ in a lower section of the hotel. Members were 
allowed to inspect the equipment and also to view the moving 
image*of a human subject transmitted by wire from one room to 
another. • _ * 

Cable Joints, Control, Wave Propagation and Electrical Units — 
Thursday, Session R. 

In Session B on Thursday morning (L. ,W. W. Morrow pre¬ 
siding) the following four papers were presented: High-Voltage * 
Multiple-Conductor Joints, T. F. Peterson; Use of High-Fre¬ 
quency Currents for Control; C. A. Boddie; Electromagnetic Waves 
Guided by Parallel Wires, S. A. Levin; The International Electrical 
Units, E. C. Crittenden.* 

In commentipg on Mr. Peterson’s paper, D. W. Roper said that 
three-conductor joints, such as those described, have been very 
successful. He emphasized the need of very careful selection of 
material, absolute cleanliness and proficient workmanship. His 
Company gives very thorough training to tnen who make such 
joints, and it has had no failures in 400 joint-years of service on 
66-kv. cable. 

E. D. Eby urged the use of stepped insulation ^instead of 
penciled insulation. 

D. M. Simons stated that a satisfactory joint could also 6e 
made by carrying the conducting shield entirely across the joint 
and by applying stepped insulation by hand. These two opera- • 
tions differ from those employed in Mr. Peterson’s joint. 

F. ; A. Brownell also stated that such joints as mentioned by 
Mr. Simons had been found highly satisfactory. 

J. F. Fairman mentioned the importance of installation of oil 
reservoirs on cable joints and cited the good results which had 
been obtained from such installation. 

W. F. Davidson urged the need for cables so constructed and 


impregnated that they would have longitudinal as well a§ radial 
dielectric strength. 

Herman Halperin stated that his experience with petrolatum 
for 33-kv., three-conductor joints had been unfavorable and that 
^ more fluid oil had been substituted with very satisfactory 
results. * 

Corona, Dielectrics and Rectifiers — Friday, Session A. 

In Session A on Friday morning the six papers given below were 
presented. W. B. Kouwenhoven was Chairman of this session. 
^An Investigation of Corona Loss, E. C. Starr and W. L. Lloyd; 
La ™ of Corona and Dielectric Strength, F. W. Peek; Puncture Volt¬ 
age as a Precision Measurement, V. Bush and P. H. Moon; 
The Electrical Reistivitiy of Insulating Materials, H; L. Curtis; 

„ JElvctric Strength of Solid and Liquid Dielectrics, Vm A. Del Mar, 
N/. F. Davidson and R. H. Marvin; Mercury-Arc Rectifier" 
Phenomena, D. C. Prince. 

In commenting upon the papers on corona, V. Karapetoff 
suggested two schemes for simplifying the work of reading 
cathode ray oscillograrr?s—Hie first, a mechanical transcriber for 
changing the abscissas to Cartesian coordinates.; and the second, 
a determination of areas and lines by weighing with a balance. 

C. F. Harding brought? out the fact that corona losses at very 
high voltages are less than the losses calculated by the quadratic 
law^for lower voltages. He pointed out that transmission lines 
designed with the quadratic law in mind are therefore on the 
safe side in respect to corona losses. Mr. Peek agreed that with 
the higher voltages, the equation changes, but suggested that the 
important thing is to work below the corona voltages. 

In discussing the paper by Messrs. Bush and Moon, both 
W. W. Shayer and F. M. Clark agreed with the authors that the 
breakdown of impregnated insulation cannot be explained on the 
basis of the pyroelectric theory. W. F. Davidson and Herman 
Halperin contributed further discussion. » 

Overhead Railway Contact Systems — Friday, Session B. 

In Session B on Friday morning five papers on overhead con¬ 
tact systems for electric railways were presented. J. V. B. Duer 
Was Chairman of this session. The papers were as follows: 
Current Collation from an Overhead Contact System Applied to 
Railroad Operation, S. M. Viele; Catenary Design for Overhead 
Contact Systems, H. F. Brown; Catenary Construction for Chicagp 
Terminal Electrification of Illinois Central Railroad, J. S. Thorp; 
Collection of Current from Overhead Contact Wires, R. E. Wade and 
J. J. Linebaugh; Railway Inclined-Catenary Standardized Design, 

0. M. Jorstad. « 

In commenting on these papers M. W. Manz 'stated that it was 
his belief that the ideal contact-wire system is one in which the 
mertia of the contact wires is the same from one end of the 
system to the other. 

G. I. Wright stated that the Illinois Central is considering the 
application of roller bearings for contactors. He differed with 
Mr. Jorstad’s prophecy that the inclined catenary will be the 
future standard overhead system because, he stated, there are 
many important railroads which prefer the chord construction. 

J. C. Damon mentioned the advantages of employing very 
heavy messenger and non-rusting construction. 

K. T. Healy said that the cost of construction should largely 
govern any design of Overhead system. He emphasized the 
necessity for coordinated design of both pantograph and over¬ 
head construction. He stated that on some European panto¬ 
graphs, the effective inertia has been reduced by introducing a 
secondary bow for the shoe— this bow being free to swing about. * 
its own axis and being held in position by small springs. The 
small bow, weighing only a few pounds, follows the minor irregu¬ 
larities of the trolley height. Experience has shown that a single 
shoe will collect 180 amperes perfectly at 55 mi. per hour and 250 
amperes, at 27 mi. per hour. Pantograph pressures have been 
kept down to 79 lb. and aluminum shoes are used with negligible 
wear on the contact wires. Lighter overhead construction is 
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used aad the costs per mile are less than half of the costs for 
m corresponding types of American practise. * 

N. Litchfield outlined the history of the development of the 
modern catenary* 

<4n answer to some questions, Mr. Viele stated, among other 
things, that splices in the contact wire mean a deterioration of 
about five times that which occurs without the splices. The 
effect of the variation in height in a span length is relatively 
small as compared with the effect of splices. 

Social Events 

The principal events scheduled for the entertainment of those* 
in attendance were the 0 President’s reception and dance on 
Tuesday evening, the Convention banquet on Wednesday even¬ 
ting, the musicale by Professor Karapetoff, Thursday afternoon, 
and the lake ride on Thursday evening. In addition to these!*' 
the ladies enjoyed a number of teas, drives and other events. • 

The social, program opened on Monday evening with an in¬ 
formal dance, which was held in the Crystal Ballroom oflbhe 
Book-Cadillac Hotel. r n 

The President’s reception took place in the Grand Ballroom on 
Tuesday evening, with a receiving line of President C. C. 
Chesney, President-elect Bancroft Gherardi and a number of 
other past and present officers of the Institute, together with 
accompanied ladies. After the reception, there was dancing 
with a very pleasing entertainment novelty introduced during 
intermission. 

On Wednesday evening the convention banquet was held. 
Alex Dow presided as Chairman at the dinner, and after opening 
the meeting, he introduced'C. F. Hirshfeld, who acted as toast¬ 
master. Mr. Hirshfeld introduced the three speakers of the 
evening. The first speaker was C. F. Kettering, Vice-President 
of the General Motors Corporation, who spoke on"the need for 
and the value of scientific research. He was followed by C. M. 
Newcomb who gave a talk on the psychology of laughter. The 
last speaker was W. B. Stout, President of the Stout Metal 
Airplane Division of the Ford Motor Company, who spoke on 
commercial aviation. He told of the great developments which 
have been made in perfecting safe airplanes for commercial 
purposes. Throughout the delightful dinner music^vas furnished 
by the Book-Cadillac Hotel- orchestra and vocal selections were 
rendered. 

On Thursday afternoon Professor Vladimir Karapetoff en¬ 
tertained a large audience with a recital upon the five-stringed 
c^llo which he has developed. In addition to playing a number of 
delightful selections Professor Karapetoff also explained the 
problems encountered in designing this special instrument. 

A very enjoyable ride up the Detroit River an (bin Lake St. 
Clair was taken Thursday evening on the Steamer TashmocT 
Among the features of the ride were dancing to music fronTa 
ten-piece orchestra, vaudeville entertainment and the prize draw¬ 
ing for an electric refrigerator. 

As already mentioned, there were a number of other entertain¬ 
ment events for the ladies, including a reception and teas, bridge 
parties, putting contests, a matinee party and sightseeing drives. 

Inspection Trips 

A r . ver y large number of those in attendance took the oppor¬ 
tunity of making the inspection trips which were arranged. There 
were throe main trips. The first trip on Tuesday afternoon was 
made in busses to a large number of points of general interest in 
the city. 

. Probably the most important trip was that to the Trenton 
Channel Generating Station of the Detroit Edison Company, 
which was made on Wednesday afternoon. 

On Thursday a trip was made to the Ford Airport where quite 
a number of the members made 30-mile airplane flights over the 
manufacturing and suburban districts of Detroit. 

There were also many visits by small parties to automobile 
manufacturing plants, power company plants, telephone plants, 
radio stations and other points of interest. 


Sbo»ts 

• • 

Both golf and tennis tournaments were held during the con¬ 
vention* There were a large number of entrants for the golf 
tournament which was held at the Hawthorne Valley Golf Club. 
The main event in this tournament was the competition for the 
Ralph D. Mershon Cup and this event was won by J. H. Sweet- 
nam. His name will be add<ed to the list of the names of 12 others 
wjio have already won this contest one tim% Winning of the cup 
Jwice entitles the winner to permanent possession of it. The 
runner-up in this contest was G. V. Brown. Various other con¬ 
tests were held—the winner #f the low gross score on Tuesday 
being B. 0. Bentley and the-low net score J. E. Kearns. On 
Wednesday the winner of the low gross score was J. D. Lyon; 
the low net score, S. P. Grace; the best selected 9 holes, J. S. Lapp, 

1 and the best par three holes, W. J. Foster. On Thursday the 
winner of the kicker’s handicap-was P. 0. Noble and the best par 
three holes, F. A. Seheffler. All of the winners received handsome 
prizes. 

In the tennis tournaments there were 16 entrants and both 
singles and doubles tournaments were played. The winner of 
the singles tournament was G. A. Sawin and the runner-up was 
J. Nikonow. This contest ^as played for the Mershon Tennis 
Trophy, which must be won twice by one player for permanent 
possession. The doubles tournament was won»by G. A. Sawin 
and H. B. Vincent and the runners-up were A. Howard and J. 
Nikonow. Appropriate prizes were presented to the winners and 
runners-up of both tournaments. 

Conferences of Section And District Delegates 
The first day of the Summer Convention, Monday, June 20, 
was devoted to the Conference of Section and District Delegates 
held under the auspices of the Sections Committee until 4:00 
p. m., and under the auspices of the Committee on Student 
Branches from 4:00 to 6:00 p. m. 

Forty of the fifty-two Sections were represented by delegates. 
Three Geographical Districts were represented by their Secre¬ 
taries or alternates, and seven District Committees on Student 
Activities were represented by officially appointed Counselor 
Delegates. A considerable number of officers, officers-elect, 
and other interested members were present also. * 

Professor Harold B. Snjith, Chairman of the Sections. Com¬ 
mittee, presided over the parts of the comference held under the 
auspices of his Committee. The following program, which had 
been prepared in advance by a special committee and mailed to 
all the delegates, gives the principal subjects discussed. 

1. Announcements by Professor Harold B. Smith, Chairman, 

Sections Committee. 

2. Remarks by President Chesney. 

3. Remarks by President-elect Gherardi. 

4. Resume of the results of. previous Sections Committee 

Conferences by National Secretary Hutchinson. 

5. Public Relations. 

Discussion of the report of the Special Committee to 
Develop Contacts With the Public. Included in the pro¬ 
gram upon th§ recommendation of that Committee, 
approved by the Board of Directors, April 8, 1927. This 
report includes topics a, b, and c below, 
a. Local membership of Sections. 
f>. Visiting speakers for Sections, 
c. Radio broadcasting of engineering talks. 

• d. Means of obtaining publicity on Section activities, 

e. General discussion of participation of engineers in 
public affairs. 

6. Proposed annual report from each Section. 

Reports to include aims, activities, programs, etc., and 
all to be printed in single pamphlet for distribution to the 
Sections. 

7. Any other business of the Sections Committee. 

Following the discussion of Public Relations as outlined in 5, 
e Conference passed the following resolutions expressing its 
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concurrence in the suggestions of thS Special Committee to 
Develop Contacts With the Public and making eertaip recom¬ 
mendations to the Board of Directors regarding the procedure 
to be followed in putting them into effect: 

1* Resolved, that this Conference of Section Delegates be¬ 
lieves that many of the sections are so situated with respect 
to local engineering ^industry and to other engineering bodies 
as to provide the opportunity to establish a grade of local mem¬ 
bership which will accomplish two purposes. 

(1) to enlarge the points of contact of the engineering pro¬ 
fession with the semi-engineering and lacy public, 

(2) to establish a selected group of prospective members of 
the Institute, 

Resolved, therefore, that this Conference of Section Dele¬ 
gates is in accord with the Report of Committee on Contacts with 
the Public in its recommendation to the Board of Directors that 
such Sections of the Institute should be encouraged to enroll 
local members, notjimited to engineers but to include any persons 
interested in the application of engineering to the advancement 
of public welfare, 

Resolved, further, that the Sections be urged to im press 
upon appropriate local members the desirability of qualifying 
for membership* in the American Institute of Electrical Engi¬ 
neers in order that the local membership program shall perform 
the function of sustaining the growth of the national organization 
at a rate commensurate with the growth of the electrical industry, 
Resolved, further, that it is desirable that those Sections 
which have-had local members snould, for the benefit of other 
sections contemplating such a policy, incorporate their local 
membership receipts, total expenditures and accumulated reserve 
in their annual financial report. 

2. Resolved, that it is the opinion of the Conference that 
each District Executive Committee should develop a plan where¬ 
by each Section in the District shall be assisted in securing one or 
more prominent speakers for appropriate dates on the annual 
program. 

3. Resolved, that this Conference recognizes radio broad¬ 

casting as an effective means of bringing before the public the 
aims and accomplishments of the engineering profession and 
therefore advpcates tfiat Sections utilize local or chain broad¬ 
casting of # all programs that contain matter of interest to the 
general public; ♦ 

Resolved, further, that this Conference advocates also the 
broadcasting of such portions of regional meetings and Institute * 
conventions and of such special addresses as will contribute to a 
better public* appreciation of the .services rendered by the 
engineering profession. 

There was a general Agreement that some form of annual re¬ 
port upon the activities of each Section is desirable, and a motion 
was passed requesting that the Chairmen of the Sections Com¬ 
mittee and the Committee on Student Branches, appointed" for 
the year 1927-28, meet soon after August 1 to appoint a joint 
editing committee to secure the desirable information during 
the year and make it available for.use next spring. 

The latter part of the conference was devoted to a discussion of 
student activities, and was presided ovef by Dr. C. E. Magnus- 
son, Chairman of the Committee on Student Branches. ■ 

Reports upon all Student Conventions and District Con¬ 
ferences on Student Activities were presented for the purpose of 
bringing to the attention of those present the best ideas and prac¬ 
tises from all Districts. The conference was concluded by a brief 
general discussion of Branch problems. 

An abstract of the proceedings of the entire conference will be 
printed in pamphlet form and mailed to all delegates in atten¬ 
dance, and to Section, Branch, and National officers. Any 
Institute member who is interested in the proceedings may 
obtain a copy of the pamphlet without charge upon application 
to Institute headquarters, New York. 


Appreciation of Convention Committee’s Wore: 

A most able and effective convention committee with Alex Dow 
as chairman and G. B. McCabe as vice-ehairidan and consisting 
of 70 men and 70 ladies, is responsible for the success of tfois 
meeting. In view of the thorough organization and good manag¬ 
es 2113 of the convention the Board of Directors of the Institute at 
its meeting on June 23 passed a resolution of ^appreciation of the 
work of this convention co mmi ttee. 


' , A. I. E. E, Directors Meeting 

A meeting of the Board of Directors-of the Institute was held 
on Thursday afternoon, June 23rd, at the Book-Cadillac Hotel, 
Detroit, Michigan. 

Present: President C. C. Chesney; Vice-Presidents H. M. A 
Hobart, B. G. Jamieson, A. G. Pierce, H. H. Schoolfield, Herbert 
S. Sands; Managers J. M. Bryant, H. P. Charlesworth, F. J. 
Cbssterman, H. C. Don Carlos, M. M. Fowler, H. A. Kidder, 
I* E * Moultrop, E. C. Stoije;-National Secretary F. L. Hutchin¬ 
son. By invitation: Past Presidents B. J. Arnold and A. W. 
Berresford; Officers-eleet J. L. Beaver and E. B. Meyer; C. H. 
Sharp, President, U. S.^National Committee of the I. E. C.; 
C. E.. Skinner, Chairman, American Engineering Standards 
Committee; Harold B. Smith, Chairman Sections Committee; 
and Assistant National Secretary H. H. Henline. 

On the recommendation of Mr. Arnold, Chairman of the 
American Committee on Electrolysis, the Board voted to continue 
its representation of three upon this joint co mm ittee. 

On the recommendation of the Board of Ex amin ers, the 
following actions were taken upon pending applications: 

70 Students were ordered enrolled 
310 applicants were elected to the grade of Associate 
7 applicants were reelected to the grade of Associate 
1 applicant was reinstated to the grade of Associate 
22 applicants were elected to the grade of Member 
1 applicant was relected to the grade of Member 
1 applicant was elected to the grade of Fellow 
54 applicants were transferred to the grade of Member 
4 applicants were transferred to the grade of Fellow 
The Board ratified the approval, by the Finance Co mmi ttee, 
for payment of monthly bills amounting to $26,964.45. 

Upon the request of Vice-President Sands of Denver, supported 
by the recommendation of the Coordination Co mmi ttee of the 
Institute, it was voted to hold the 1928 Summer Convention jn 
Denver during the week beginning Monday, June 25, 1928. # 
The Committee on Coordination of Institute Activities re¬ 
ported that^it had considered the various movements for meet- 
mgs, both national and regional, and submitted the following 
schedule of proposed meetings with the recommendation that 
this schedule be adopted, subject to such adjustments regarding 
exact dates and locations as may become necessary in order to 
distribute the meetings to the best advantage chronologically 
and geographically. The committee called attention to the 
undesirability of concentrating the principal meeting activities 
of the year within the first six months, and recommended a 
greater interval of time between meetings. 

The Board voted to approve the above recommendation^ and 
the schedule of meetings, as printed below: 

Del Monte, California, September 13-16, 1927, Pacific Coast 
Convention, (previously authorized). 

Chicago, Illinois, November 28-30, 1927, Regional Meeting 
of Great Lakes District. 

New York City, February 1928, Annual Winter Convention. 
Northeastern District, Spring 1928, Regional Meeting (exact 
date and location to be determined later). 

Denver, Colorado, week beginning Monday, June 25, 1928, 
Annual Summer Convention. 

Northwest District, probably September 1928, Annual Pacific 
Coast Convention 

Southern District, Fall of 1928, Regional Meeting. 
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A report of the Committee on Award of Institute: Prizes, 
dated May 11, which had been distributed to the members of the 
Board in advance, was considered. This report included a 
recommended. revision of the present regulations regarding 
Institute National and Regional prizes and also embodied a 
plan for the grading oPpapers in making awards. It was voted 
to adopt the report of the Committee which is printed on another 
page of this issue of the Journal. 

A report was submitted by Professor H. B. Smith, Chairman 
of the Sections Committee, on the actions taken at the Sections 
Delegates’ Conference held on Monday, June 20 (see account 
published elsewhere in this issue). It was decided to postpone 
consideration of Professor Smith’s report until the next meeting 
• of the Board. In the meantime, a copy of the report will be sentr 
to each member of the Board. 

Other matters of importance were discussed, reference to 
which may be found in this and future issues of the Journal. 

The meeting closed with a unaminorfs vote of appreciation to 
President Chesney for his work on the Board and for the Institute 
during the past year. 

t _ £ 

Exposition of Chemical Industries 

. When tlle Eleventh Exposition of Chemical Industries opens 
its doors at the Grand Central Palace, September 26th, there 
will be one of the greatest collections of exhibits ever assembled 
in any one place in the world. 

For the first time in the history of the Exposition, foreign 
methods and practises will be shown, giving the nmnufacturers 
and users of the products the opportunity to compare domestic 
and foreign products, methods and practises which today have 
reached a high state of efficiency in all industry; in fact, the 
chemical engineer has had no small share in this advancement 
of civilization. 

The Exposition management announces that it is receiving 
communications from many manufacturers of metals and alloys 
and expects to be able to show between twelve and twenty of the 
various new non-corrosive iron and steel alloys. ® 


John Scott Medal Awarded to Grid-Glow 
" Tube Inventor 

,, J°hn Scott medal, given annually in recognition of 

useful inventions for the use and benefit of mankind,” has been" 
awarded to D. D. Knowles, 28-year-old inventor'of the Grid- 
r* ^ e ay ‘ Notice of the award, which carries a cash prize of 
$1000 was given by Walter R. Russel, Acting Secretary Pre¬ 
sentation will be made at a later date. 

. Mr ‘ Knowles perfected his invention in the research laborator¬ 
ies of the Westinghouse Elec. & Mfg. Company. His grid-glow 
relay has been acclaimed as the m*st sensitive current-controlling 
device ever developed. The glow tube, which functions on a 
billionth of a watt, is setun operation by such tiny impulses as 
the mere approach of the human hand, a drop of water or the 
light of a match. 

Revision of Transformer Standards 
Suggested 

A revision of Section 13, A. I. E. E. Standards for Trans- 
formers, Induction Regulators and Reactors has been proposed 
by the A. I. E. E. Technical Committee on Electrical Machinery. 
The revision suggested is a development of those outlined in 
the May- 1927 Journal. The text of the revision is quoted 
herewith. Any suggestions or criticisms relative to these 

Sh ° Uld be addressed to H. E. Farrer, Secretary, 

A. I. E. E. Standards Committee. Copies of the current No. 13 


a r. 

may be obtained at a cost of 40 cents (50% discount to members 
A. I. E, E.) 

SUGGESTED REVISION OF A, L E. E* STANDARD 
NO. 13—TRANSFORMERS, INDUCTION REGULATORS 
AND REACTORS 
13-161 Grounding Transformers 

r (<0 Definition —Grounding transformers are used solely 

r the purpose of clearing a short circuit or accidental 

ground of a transmission line by means of relays or 
otherwise. r V 

(6) Rating —The rating of a grounding transformer 
shall be based upon the line voltage or terminal voltage 
during a ground if less than the line voltage, the fre¬ 
quency, the current in the ground.*circuit when one line 
becomes grounded, and the time the transformer must 
carry the current. 

13-200 ^ Limiting Temperature Rises.— The temperature 
rises above the temperature of the- cooling medium of 
apparatus or parts thereof when tested in accordance with 
the rating, shall not exceed the values given in the follow¬ 
ing table. Temperature shall be determined by the 
methods indicated in Table I. Where two methods are 
specified neither of the limiting values, corresponding to a 
particular method, shall'be exceeded. 

'T f 

* TABLE I 


Transformers and 
other stationary 
induction ap¬ 
paratus other 
than 2, 3 & 4... 

Air blast trans¬ 
formers (see par. 
13-108 b). 


Kind of 
rating 

Continuous 

or 

Short-time 



Limiting 


temperature rise 


in deg. cent. 

Method of 

Class A ] Class B 

temperature 

insu¬ 

insu¬ 

determination 

lation 

lation 

Resistance 

55 

75 . 


Thermometer 


Continuous Resistance 
or 

Short-time Thermomet 


Transformers hav¬ 
ing a nominal 
rating..... 


Nominal 


Nominal 


Thermometer 

Resistance 

Thermometer 

Resistance 

Thermometer 


4 Reactors. Continuous Thermometer ^ 55 80 

5 Metallic parts in contact with or adjacent to any kind of insulation, 

shall not attain a temperature in excess of that allowed for the 
adjacent insulation. 

5 -- ——---— .... 

6 Metallic parts other than those covered by Item 5 may attain such 

temperatures as shall not be injurious in any respect. 

. 5 " ] ' ~ —-•-- 

13-250 Short-circuit Current of Transformers.— All trans¬ 
formers while in service shall be capable of withstanding 
shqrt circuit without injury for the time periods given in 
e following table, assuming that normal line voltage 

is maintained: 

Per cent Time of short 

Impedance circuit, in seconds 

4 2 

5 3 

5 4 

7 and above 5 

In a multi-winding transformer, the minimum im 
dance will determine the time of short circuit. 
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Transformers having a£ impedance less than 4 per cent 
shall he capable of withstanding und^r service conditions 
25 times normal full load current fbr two seconds* 

For the purpose of standardization the calculated 
temperature of the copper under short-circuit conditions 
given above shall not exceed 250 deg. cent, assuming: 

(a) • All heat stored in the copper. 

(b) An initial •temperature of 90 deg. cent, when the 
cooling medium is water. 

(e) An initial temperature of 105 deg. cent, when the 
. cooling medium is air. * * 

The increase in-temperature during short-circuit con¬ 
ditions may be computed by the following-formula*: 


d = At 


f — 

L 2 


+ 


618.4 E 
B 


] 


+ 0o 


where 

6 = Final temperature deg. cent. 

0o = Initial temperature deg. cent. 

0i = Absolute initial temperature =. (0 O + 234.5). 
t — Time in seconds. * 

E = Ratio eddy current 4io P R loss at 75 deg. cent. 


Watts per lb. (at 0 O ) 

A — -■— --- 

180 

• m 

75 0! 


+ 4. 6 /-™^) A 10- 

\ sq. m, / 


( ,Cir. mils \ 2 
amps. / 


amps. 

B = 2 6t + A t 

Exceptions: 

(a) Auto-Transformers, see Par. 13-253. 

t(b) Transformers which are to be directly connected 
to other apparatus possessing inherent reactance. In 
this case the combined reactance of the transformer and 
the connected apparatus shall be considered as li mi ting 
the short circuit of the transformer. 

13-252 • Short-Circuit Current of Reactors. 

Current limiting reactors having an impedance of 3 per 
• cent or more shall be capable of withstanding without 
• injury for five seconds the maximum current that would 
result from any short circuit on the system with normal 
line voltage maintained at the supply terminals and with,, 
only the inherent impedance of the reactors in the circuit. 

Exception: Reactors having #n impedance of less than 
3 per cent shall be capable of withstanding without 

*This formula is not rigorously correct but for temperatures up to 
350 deg. cent, gives results accurate enough for practical purposes. 
Accurate results under any or all assumed conditions will be obtained by * 
theuollowing formula: 


* 309.5 \/[(- 


6o ! X 234.5 
309.5 


)+*] 


(Lpgio - 1 A t) -E, -234.5 


where * 

e = Final temperature in deg. cent. 

do — Initial temperature in deg. cent. „ 

E c = Ratio of eddy current loss to the I 2 JR lqss at 75 deg', cent. 
i = Time in seconds. 

A = 4.0 X 10- ll D 2 

where D = amperes per sq. in. of conductor. 


or 

A 


= 1.56 X 10 ~ 5 W 

where W - Watts per lb. (I 2 R at 75 deg. cent.) 


or 

A =65 M ~ 2 
where M = 


Cir. mils per amp. 


fFor the purpose of this rule, directly connected apparatus shall be 
considered to mean apparatus located only a few feet apart and connected 
by busses or cables, so arranged that there will be practically no possibility 
of a short circuit occurring between them. 


. . * • 

mjury for five seconds a current equal to 33 V 3 times the 

rated current. * 

. ^ or purpose of standardization the temperatur 9 
of the copper under the short-circuit conditions givegi 
above shall not exceed 250 deg. cent, for Class A insu¬ 
lation or 350 deg. cent, for class B insulation; when 
calculated by means of the formula in Par. 13-250 
assuming: t 

(a) that all heat is stored in the copper, and 

* • . (b) ar * initial temperature of 105 deg. cent, for Class A 

insulation and 125 deg. cent, for Class B insulation. 

13-254 Grounding Transformers.—Grounding transformers 
* „ sbull be capable while in service of withstanding a short 
circuit for a minimum specified time of 60 seconds. 

• For the purpose of standardization, 160 deg. cent is set 

* as ttie maximum permissible ultimate temperature at the 
end of the 60-second period based on a calculation of the 
temperature, assuming that all of the heat is stored in 
the copper and that the initial temperature of the copper 
is 75 deg. cent. 

The increase in temperature during the short circuit 
condition may be computed by the formula given in 

Par. 13-250. 

_ If conditions should require that the time of short 
circuit exceed 60 sec., or if the transformer is to be used 
also for power purposes, the case shall be considered as 
special. 

If additional resistances or reactance is to- be provided 
external to transformer the amount, based on kv-a. 
(such as^he kv-a. of a generator, etc.) should be stated. 

13-306 Measurement of Losses in Transformers. 

(a) *No-load Losses: No-load losses of transformers 
shall be measured by impressing rated nameplate volt- 
agef at normal frequency on one winding with the other 
winding, or windings, open circuited. 

(b) *Load Losses: Load losses of transformers shall be 
measured by applying a primary voltage, at rated fre¬ 
quency, sufficient to produce rated load current in the 
windings with thh secondary winding short-circuited. 

13-402 Test Voltage to be Induced in Exceptions under 
13-400. . ^ 

(n) Transformers with Graded Insulation: Trans¬ 
formers, if for use on circuits of 66,000 volts and above 
and having windings directly and permanently grounded 

* to the core or ease, and designed to take advantage of the 

* fact that the neutral or other point of the circuit is to be 

directly and permanently grounded, shall be tested by 
induced voltage with connections so made that the un¬ 
grounded or line terminals shall receive test voltage to 
ground not less than $.73 times the normal voltage 
developed by the winding, plus 1000 volts. If each 
phase of a three-phase transformer is tested separately, 
then an additional induced voltage test shall be made so 
as to produce between line terminals two times the rated 
circuit voltage, plus 1000 volts. ’ 

Where transformers have graded insulation they shall 
be so marked. - , ; ; >■" ' / ; 

*For the purpose of these measurements it is generally immaterial 
which winding is considered the primary winding. T 

In some cases where transformers have three or more windings it is 
necessary to use special methods of measuring load losses in order to 
determine those losses under specified load conditions. 

fit is recognized that under load conditions with rated secondary 
voltage maintained, the losses are slightly increased, the amount depending 
upon the load, power factor and whether for step-up or step-down service, 
but since in service conditions the increase in total losses are not over 3 
or 4 per cent (and in most cases less) for a power factor as low as 0.6, it 
has a negligible effect on the kv-a. output. 


. 
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A Useful Library^ on Electric 
Communication 

What is perhaps the most complete private collection of works 
or? the subject of electric communication is owned by Mr. 
Donald McNicol, a Fellow of the Institute and past-president of 
the Institute of Radio Engineers. 

This collection was begun twenty-five years ago, and in order 
to make for its completeness in historical record and in all that is 
modern in communication theory and practise, it has been 

added to regularly. a 

The historical matter includes many original documents, 
reports and the life history of all telegraph, telephone, cable and 
radio companies; statistics of communication; reports of all 
# International congresses and conventions; and the history and 
copies of all telegraph codes and cipher. p 

In this library there are approximately twenty scrap-books 
containing early references to telephone litigation, invention and 
legal controversies, and a bound annua 1 volume of every tele¬ 
graph journal published in the United States from 1853 up to 
the present t im e. The collection of radio magazines contains 
Vol. I, No. 1 of all American and foreign periodicals on the 
subject, as well as a complete file of A. I. E. E. and I, R. E. 
literature. 

There are about fifty books on electrical biography and 
transcripts of all government investigations of telegraph, tele¬ 
phone and radio operation and ownership. The fiction 
of electric communication is covered in many volumes 
collected over a long period of years. One large scrap-book 
contains copies of nearly a thousand poems which have 
appeared on the telegraph, submarine cable r telephone and 
radio since the inception of these arts. The rerap-books on 
radio include practically all of the original and important an¬ 
nouncements on the subject. 

There are other scrap-books containing original signatures of 
practically all engineers and executives who have been prominent 
in the development of communication methods and systems. 

In addition to this literary collection, Mr. McNicol has in his 
library at Roselle Park, N. J., another extensive^collection of 
early telegraph, telephone and radio apparatus. 

In his long experience with electric communication, Mr. 
McNicol has found time to write five books on communication 
subjects. By him also, another book entitled A History of 
Radio is soon to be published. 

■A - 

Vice-President Dobson Visits Institute 
Sections * 

W. P. Dobson, of Toronto, the Institute’s Vice-president m 
District No: 10, on May 18 presented before the Saskatche¬ 
wan Section at Regina, a paper entitled The Present State of the 
Insulator Problem , and on May 25, the same paper before the 
Vancouver Section. In each case Jie discussed Institute activi¬ 
ties with relation to the Sections in Canada.^ He attended the 
annual meeting of the Vancouver Section on June 7, but, due to 
lack of time, was unable fo accept invitations to visit the San 
Francisco and Los Angeles Sections. He did, however, visit 
Seattle, and met the officers of the Section there, with other 
members? 

Mr. Dobson reports great enthusiasn among'the members of 
the Saskatchewan and Vancouver Sections. These include in 
* their membership most of the electrical men in their respective 
territories. 

Orville Wright Recipient of Washington 
Award 

Another honor has been accorded Orville Wright, pioneer in 
aviation, in the bestowal upon him of the Washington Award for 
1927. The award was administered by the Western Society of 


Engineers, the American SocietyV Civil Engineers being repre¬ 
sented on the Commission. Mr. Wright has of late been doing 
consulting engineering. * 
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ENGINEERING FOUNDATION 


MR. FLINN RECEIVES HONORARY DEGREE 

Incidental to its centenary ceremonies, the University of 
Louvaiirconf erred upon‘Alfred D. Flinn, Director of Engineering 
Foundation, the honorary degree of Doctor of Science. So 
special a dispensation of the Academic Council is noteworthy as 
' an expression of good will from this ancient university to the 
engineers of the United States. Doctor Edward Dean Adams 
received the diploma for Mr. Flinn, whose work for Engineering 
Foundation necessitated a visit to the Pacific Coast at this time. 


PERSONAL MENTION 
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E. J. Prindle has been elected president of the New York 
Patent Law Association. He was formerly wither indie, Wright, 
Neal & Bean of New York, N. Y. • 

Gtjiseppe Faccioli, works engineer of th# Pittsfield works of 
the General Electric Co., has been appointed associate manager 
and works engineer there. The appointment was effective 
Julyl. 

D. R. Clemons, for ten years an instructor in Dodges Insti¬ 
tute, Valparaiso, India, on May 3d joined the Development 
Branch of the engineering staff of the Western Electric Co., at 
Chicago. 

Ray W. Preston has been transferred from the Unit Cost 
Department of the Southern California Edison Company to the 
position of Estimating Engineer, in its Resident Engineers” 
Office at Big Creek, Fresno Co., Calif. 

Claude C. Brown has been appointed Gas Administrator for 
Southern California by the California State # Railroad Com¬ 
mission. Mr. Brown is a* graduate of the University of Cali¬ 
fornia and chaiypian of the California Gas Research Council. 

Elmer A. Sperry, president of the Sperry Gyroscope Co., 
Brooklyn, N. Y., has been appointed on the Executive Committee 
of the A. S. M. E, to fill the undxpired term of George J. Mead, 

" vice-president of Pratt & Whitney Aircraft Co., Hartford, Conn.,, 
resigned. Mr. Sperry is a charter member of the Institute. 

Burton L. Delack, assistant manager of the Schenectady 
works of the General Electric Company, since December, 1926, 
has been appointed acting manager, effective July 1. Mr. Delack 
fills the vacancy caused by the promotion of C. E. Eveleth, elected 
a vice-president, June, 1927. 

Arthur Phelps Marr, consulting engineer and attorney* 
New York, N. Y., is spending July and August in^ London and 
Berlin, interesting capital in the foreign rights of a number of 
American inventions. Mr. Marr became an Associate of the 
Institute in 1918. 

Edward'A. Wagner* formerly of the Fort Wayne works of 
the General Electric Co. but since July, 1926, managing engineer 
in charge of all distribution transformers, with headquarters in 
Pittsfield, has been made acting manager of the Pittsfield works, 
succeeding Mr. C. C. Chesney, who has been chosen vice-pres¬ 
ident in charge of manufacturing, since the retirement of F. C. 
Pratt. 

Paul 0. Reyneau has just become affiliated with the Cutter 
Electrical & Manufacturing Company of Philadelphia, Pa. 
He will devote the major portion of his time to the development of 
applications for air circuit breakers, for which work his long ser 
vice in engineering and operating of electric light and pc 
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company particularly qualifies # hfm. Mr. Reyqeau joined the 
Institute in 1910. 

Edward B. Doyle, who has been identified witji Westing- 
house Elec. & Mfg. Co., New York, N. Y., is now representing 
the North East Service, Inc., in Indiana, the western half of 
Kentucky, the southern half of Illinois and eleven counties along 
the Mississippi River in Missouri, in both the sales and service of 
automotive equipment and electric typewriter equipment whfeh 
his new company builds for the Remington Typewriter Company". 

Amory R. Haynes, for the past 4.6 years with the Puget Sound 
Power & Light Co., at Dieringer, Wash., has accepted an appoint¬ 
ment as Electrical Engineer, Light Division, Dept, of Utilities 
of the City of Tacoma. Mr. Haynes is the author of several 
technical articles on hydroelectric and steam station operation. 
In 1926 he received third prize in the Puget Sound Power & 
Light Co. Suggestion Contest for his paper on Economies in 
System Operation. 

George W. Quentin has resigned from McGraw Hill Pub¬ 
lishing Company, Inc., and has accepted a position as sales engi¬ 
neer with the American Transformer Company, of Newark, 
New Jersey. Mr. Quentin has b§en an active, member of the 
Institute, especially in the Pittsburgh and New York branches. 
He has spent mdSiy years training in public utility work, and also 
in industrial plartf engineering. Much of his time will be spent 
in the field, studying the problems of the customers of the 
American Transformer Company. 


John Murphy, Fellow of the Institute, electrical expert of the 
Railway Commission and the Department of Railways & Canals 
of Canada, was, on July 11, elected President of the Canadian 
National Committee of the International Electrotechnical 
Commission. Mr. Murphy succeeds the late president, James 
Kynoch, Chief Engineer of the Canadian General Electric 
Company, who died on June 1. The next Plenary Meetings of 
the International Electrotechnical Commission will be held in 
Italy in September, at Como and Rome, Mr. Murphy attending 
as Canada’s official delegate. 
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SECTION MEETINGS 


Annual Dinner. A talk on Aims and Activities of the A. /. E. E. 
was given by H. H. Henline, Assistant National Secretary* - 
The following officers were elected: Chairman, L. H Curtis : 
Secretary^ C. P. Yoder. June 15. Attendance 47. 

Los Angeles 

Field Day. A trip was made to the Long Beach Steam Plant of 
the Southern California Edison Company, which was 
followed by a dinner at The Breakers Hotel. Talks were 
given by G. A. Fleming, Southern California Edison Co 




on The Electrical Features of the Long Beach Steam ? Plant? 
Raymond Wilcox on The Mechanical Equipment of the Long m 
Beach Steam Plant; and Charles A. Blunt, Long Beach 
Chamber of Commerce. June 11. Attendance 47. 

Milwaukee 


Trans-Atlantic Radio Telephony , by H. S. Osborne, American 
Tel. & Tel. Co., May 18. Attendance 200. 

Recent Experiences Abroad , by W. M. White, Allis-Chalmers 
Mrg. Co. Annual Meeting. The following officers were 
elected: Chairman, John D. Ball; Secretary-Treasurer, 
Wm. J. Ladwig. June 29. Attendance 24. 




Minnesota 

My Western Trip , by S. B. Hood, Nbrthern States Power Co. 
(Presented by M. E. Todd). The following officers were 
elected: Chairman, J. E. Sumpter; Secretary-Treasurer. 
Gilbert Cooley. June 9. Attendance 27. * 


# Philadelphia 

Engineers and Publicity Men, by Major J. S. S. Richardson, 
Director, Pa. Public Service Information Committee. 
The following officers were elected: Chairman, I. M. 
Stem; Secretary, R. H. Silbert; Treasurer, E. C.. Drew. 
June 13. Attendance 50. 


* Sharon 

The Human Element in Industry , by E. S. McClelland, Westings- 
house Elec. &Mfg. Co.; 

Our Flag, by Dr John Caldwell. Banquet. The following 
officers were elected: Chairman, L. H. Hill; Secretary- 
Treasurer, H. B. West. June 14. Attendance 156. 


Toledo 

Dinner Meeting. Short talks were given by Messrs. W E 
Richards, E. B. Featherstone, D. W. Yambert, C. H 
Matthews and H. W. Jeannin. The following officers were 
elected Chairman, T. J. Nolan; Vice-Chairman, W T 
Lowery; Secretary-Treasurer, Max Neuber. June 14 
Attendance 20. 


Urbana 

Business Meeting. The following officers were elected: Chair¬ 
man, J. 0. Kraehenbuehl; Secretary-Treasurer, Prof. J. K„ 
Tuthill. June 7. Attendance 14. 


Engineering Observations on a World Tour , by A. N. Geyer 
Utah Power and Light* Co. The following officers were 
elected: Chairman, D. L. Brundige; Secretary-Treasurer 
C. B. Shipp. May 26. Attendance 22. 


Vancouver 

Annual Meeting. Motion picture on Lamp and Small Molor 
Manufacture was shown. The following officers were 
elected: Chairman, A. C. R. Yuill; Secretary, J. Teasdale. 
June 7.# Attendance 36. 


* Worcester 

Inspection trip to American Steel & Wire Company. The 
following officers were elected: Chairman, Guy F. Wood¬ 
ward; Vice-Chairman, A. F. Snow; Secretary-Treasurer. 
F. B. Crosby. June 16. Attendance 50. 
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CONFERENCE ON STUDENT ACTIVITIES AT SUMMER 
CONVENTION 


Immediately after the conclusion of the Sections Committee 
Conference, held at Detroit on June 20, in conjunction with the 
annual Summer Convention, a Conference on Student Activities 
was held, with Dr. C. E. Magnusson, Chairman of the Com¬ 
mittee on Student Branches, presiding. There were present 
several members of the Board of Directors, many Section 
Delegates, seven Counselor Delegates, representing their 
District Committees on Student Activities, three District 


Secretaries or alternates, and a considerable number of other 
members. 

The program of this Conference had been prepared in advance,* 
after requesting all Counselors to submit suggestions of subjects 
which should be discussed. In order that representatives from 
all parts of the country might have the advantages of such 
knowledge, it was deemed highly desirable to have reported at 
the meeting, all of the best ideas, methods, etc., brought out in 
the various Districts. With this end in view, the following 
program was presented: 


• • 
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Reports on District Conferences on Student Activities 
and Student Conventions 


District No. 1—Student Activities at Pittsfield Regional Meeting, 
May 25-28, 1927. Professor W. H. Timbie, Counselor r 
* Delegate. 


District No. 2—Conference on Student Activities at Bethlehem, 
Pa., April 23, 4927. Professor H. B. Dates, Counselor 
Delegate. 

Student Convention at Drexel Institute, March 21, 1927. 
9 L. J. Costa, Chairman, Philadelphia Section. 

r. 

District No. 3—-New York Student Convention April 8, 1927. 
H. EL Henline, Assistant National Secretary. 


District No. 5 —Conference on Student Activities at Chicago, 
November 30, 1926. Professor J. F. H. Douglas, Counselor 
Delegate. r 


District No. 6—Conference on Student Activities at Boulder, 
Col., February 26,1927. Professor W. C. Du Vail, Counse- 
, lor Delegate. . 


District No. 7—Conference on Student Activities, at Kansas 
City, March 16, 1927. Professor G. C. Shaad, Counselor 
Delegate. 


. ^ In many parts of the .countycooperation between Sections 
and Branches is being carried on very successfully. It has 
appeared4n several fo£ms, some of which are the sponsoring of ■ 
student conventions by Sections, joint meetings with mixed 
program, student programs at regular Section meetings, joint 
inspection trips, etc. 

Students have been highly complimented upon the quality 
of J;heir papers presented at student cqpventions and most 
of such papers have been of good quality*and well presented; 
the discussion too has been very good. 

It seems desirable that District student conventions and 
conferences be held in corfnection with regional meetings in order 
that the students may attend other sessions and incidentally 
become acquainted with the older engineers. 

- The thought that some of the student criticism of the Journal 
is based up on assumptions rather than facts was emphasized. 
It was believed that many students can read a considerable 
number of the papers in the Journal with good results, if they 
really try, but Faculty members can be of great assistance to 
them by supplying some guidance in getting them started in 
such reading. 

In closing the conference, # Dr. Magnusson remarked that, 


from the reports of today , it appears quite evident that the Insti- 


District No. 8—-Student Convention at Stanford University, 
January 14, 1927, and other student activities in the Dis- 
’ trict. Professor R. W. Sorensen, Counselor Delegate. 


tute Branches are very much alive and doing amexcellent work; 
but that it is also apparent that “we have lots of problems before 
us, and that there will be plenty to do before tjie next meeting,— 
a year from now.” 


Districts No. 8 and No. 9—Conference on Student Activities at 
Salt Lake City, September 6, 1926. Professor G^ S. Smith, 
Counselor, University of Washington Branch. 


BRANCH ’MEETINGS 


District No. 9—Section and Branch Conference at Portland, Qre., 
February 18, 1927. Professor J. A. Thaler, Counselor 
Delegate. 


Municipal University of Akron 

The Life of Sir Oliver Heaviside , by Prof. J. T. Walther, and 
The Electrical Development Around Akron during the Last Ten 
Years , by A. L. Richmond, Northern Ohio Traction and 
Light Co. Annual Banquet. June 16. Attendance 16. 


II. Branch Problems 

Discussion opened by H. H. Henline, Assistant National Secretary. 

A general discourse on some of the more important phases of 
Branch activities, including some discussion of "the reports 
presented in Part I, was held just before the close of the meeting. 
The following is a brief summary of the principal thoughts pre¬ 
sented during the entire session: 

The principle functions of Student Branches are to provide 
opportunity for students to carry on activities in a manner very 
similar to that employed by members; i. e., the preparation, pre¬ 
sentation, and discussion of papers, reports, abstracts, etc., on 
engineering subjects; and to promote friendship between stu¬ 
dents and older engineers. 

Branch activities supply many opportunities for the develop¬ 
ment of initiative, originality, and leadership, all of which help 
to advance the growth of qualities which are essential to success 
in any kind of engineering undertaking. In recent conferences, 
several men have emphasized the'"thought that Branch work 
might be considered an excellent -“laboratory” for cultivating 
important elements of leadership. With this result in mind, it 
is most desirable that Branch activities be managed practically 
entirety by the students, with the Counselors standing ready to 
advise whnn necessary. Suggestions for the major portion of 
Branch programs should be supplied by the students, with 
visiting speakers and motion pictures used only occasionally. 
To secure the maximum benefits of their opportunities, students 
must develop ability to speak before the meetings. 

Student interest in Branch meetings fluctuates violently 
during an academic year, and one of the greatest problems 
before the Branches is that of securing a strong and sustained 
interest throughout the year. This can probably be accom¬ 
plished by providing unusually attractive meetings at moments 
when the vital interest evidences a tendency to wane. 


California Institute of* Technology 

Business Meeting. Mr. Gottier announced the Pacfiic Coast 
Convention at Del Monte to be held in September. The 
following officers were elected: President, J. (?. Thatcher; 
Vice-President, L. H. Mesenkop; Secretary, J. G. Kuhn; 
Treasurer, R. J. Love. • May 25. Attendance 13. 


Drexel Institute 


General discussion of the fundamental concepts and definitions 
and attempts to explain the various electrical units as simply 
as possible. The following officers were elected: Chairman, 
* J. E. Young;. Secretary, Charles Backman; Treasurer, 
W. H. McMakin. June 3. Attendance 32. 


University of New Hampshire 

The Nernst Lamp , by C. Williams, student; 

Variable Condensers , by L. P. Whitten, student, and 


Arched Dam Investigation , by D. H. Williams, student. April 
30. Attendance 36. 


Business Meeting. The following officers were elected: Chair¬ 
man, S. S. Appletbn; Secretary, H. B. Rose. May 14. 
Attendance 33. • 


Electricity in the Paper Industry , by H. F. Bannon, Westinghouse 
Elec. & Mfg. Co. J4ay 21. Attendance 33. 


Watthour Meters , by C. Williamson, student, and 


Recent Developments in Radio Communication , by E. L. St. 
Clair, student. May 28. Attendance 41. 


High Voltage Insulation , by Mr. Drew, student, and 


The New General Electric Transmitting Tube , by I. Gove, student. 
Illustrated. June 4. Attendance 38. 


North Carolina State College 


Business Meeting. The following officers were elected: Chairman, 
J. C. Davis; Vice-Chairman, W. P. Stainback; Secretary, 
T. C. Farmer. May 25. Attendance 18. 
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Engineering Societies Library 
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The library is a cooperative activity of the American Institute of Electrical Engineers, the American Society of 
. W j 777 n 9 lneerSi American Institute of Mining and Metallurgical Engineers and the American Society ctf Mechan¬ 
ical Engineer ^ It is adminstered for these Founder Societies by the United Engineering Society , as a public reference 
Library of engineering and the allied sciences. It contains 1B0;000 volumes and pamphlets and receives currently 

^mpwtant periodicals in its field. It is housed in the Engineering Societies Building, 29 West Thirty- 
ninth SL, New York. . 

In order to place the resources of the Library at the disposal of those unable to visit it in persori, the Library is 
prepared to furrhsh lists of references to engineering subjects, copies or translations of articles, and similar assistance. 
Charges sufficient to cover the cost of this work are made. 

The Library maintains a collection of modern technical 'books which may be rented by members residing in North 
America. A rental of five cents a day, plus transportation, is charged. 

The Director of the Library will gladly give information concerning charges for the various kinds of service to 
those interested. In asking for information, letters should be mSde as definite as possible, so that the investigator may 
understand.clearly what is desired. * . V 

r t The J^ rary is open from 9 a. m. to 10 p. m. on all week days except holidays throughout the year except during 
July and August when the hours are 9 a. m. to 5 p. m 


BOOK NOTICES JUNE 1-30, 1927 

Unless otherwise specified, books in this list have been pre¬ 
sented by A the publishers. The Society does not assume responsi¬ 
bility for any statement made; these are taken from the preface 
or the text of tb$ book. # 

All books listed may be consulted in the Engineering Societies 
Library. # 

Bridge Architecture. 

By Wilbur J. Watson, N. Y., William Helburn, Inc., 1927. 
288 pp., illus., 14 x 11 in., cloth. $17.50. 

This beautiful book is a pleasure to the engineer, the architect 
and!the lover of beauty in general. It aims to illustrate the 
art of good bridge design as exemplified by ancient and mod¬ 
ern ^bridges by means of lafge photographs of representative 
structures. 

The volume contains illustrations of two hundred bridges, 
grouped chronologically in six periods and covering bridge 
building from the earliest times to. the present day. The 
collection is especially *ich in bridges built since 1830. The 
text is brief bift gives concisely the principal fs&ts about each 
bridge, such*as the date, the designer, the dimensions, etc. 

Business Annals. 

By Williard Long Thorp. N. Y., Nat’l. Bureau of Economic 
Research, Inc. 1926. 380 pp., 9x6 in., cloth. $4.00. 

Tells, in descriptive form, the vicissitudes of economic fortune 
in seventeen countries for periods ranging from thirty-six to 
one hundred and .thirty-six years. Presents briefly, for each 
country, the year by year fluctuations in manufacturing, con¬ 
struction, employment, trade, prices, speculation, financial 
operations and agriculture, as well as important non-economic 
events that supposedly influence economic activity. The book 
throws valuable light upon business cycles and is a useful con¬ 
densed record of happenings in*fche recent past. 

Care and Operation of Machine Tools. 

By J. W. Barritt. N. Y., John Wiley &*Sons, 1927. - 292 pp., 
illus., 9 x 6 in., cloth. $2.75. 

Contents: Lubrication.—Emery wheel.—Drill press.— Shaper. 
—Vertical boring mill.—Lathe.—Planer—Horizontal boring 
mill.-—Milling machine.—Index. 

The author explains the construction of the various parts of 
machine tools, explains why and where adjustments are neces¬ 
sary, tells how to make them, gives directions for operating the 
different mechanisms properly and calls attention to the pre¬ 
cautions necessary for accuracy, speed and neatness. The text 
is simple and explicit, suitable for use by apprentices and trade- 
school students and for individual study. 


Electrical Engineering Laboratory Experiments. 

By C. W. Ricker and C. E. Tucker. 2nd edition. N. Y iy 
McGraw-Hill Book Co., 1927. 310 pp., 9x6 in., cloth. $2.23.’ 

This laboratory course, originally used by students at the 
Massachusetts Institute of Technology, has been revised with a 
view to adapting it to the requirements of engineering schools 
in general. The course is designed to require original thought 
by the student and to encourage him to original research as well 
as to instruct him regarding the construction and operation of 
electrical macifinery. 

Elements of Mining Science. * 

By David E. Thomas. Lond. & N. Y., Oxford University 
Press, 1927. 80 pp., illus., 10x6 in., boards. $1.50. (Gift 

of American Branch.) 

Originally prepared for a course of lectures to teachers of 
science in the mining district of England, this book gives a brief 
account of some of the work accomplished through the eontri- 
• butions of pure science to mining. Among the topics treated 
are the composition of mine air, methane, the barometer irf 
mines, the spontaneous combustion of coal, moisture in mine 
air, the control of atmospheric conditions in deep mines, and 
coal-mine explosions. -While no originality is claimed, the 
^volume is a convenient summary of recent work toward im¬ 
proved health conditions and greater safety in mining. 

IJatigue of Metals; with chapters on the Fatigue of Wood and 

m Concrete. 

By H. F. Moore and J. B. Kommers. N. Y., McGraw-Hill 
Book Co., 1927. 326 pp., illus., diagrs., tables, 9x6 in., cloth. 
$4.00. 

The aim of this book is to^present the important results of 
experimental investigations or the strength of metals under 
repeated stress, to review current theories of fatigue of metals,' 
and to describe the apparatus and methods used in studying the 
subject experimentally. The authors have been actively 
engaged in investigation "of the subject and have also drawn on 
the work of other American and foreign investigators, with the 
result that their book is a useful review of present knowledge. 
A good bibliography is included. In addition to the main 
subject, wood and concrete are discussed and the scanty data 
available given. ‘ 

Fourth Power Kink Book. Compiled by Editorial Staff of 
Power. 

N. Y., McGraw-Hill Book Co., 1927. 232 pp., illus., 9x6 
in., cloth. $1.50. 

The editors of Power have selected the contents of this book 
from the articles contributed to that magazine by men in charge 
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of the deration and repair of power plant machinefy. These 
•articles describe original ways of* making unusual repairs, 
‘‘short-cuts,” and ^labor-saving devices which have been used 
successfully by practical men. 

Die Graphische Integration. 

By Josef Gerstenbraifdt. Wittenberg, A. Ziemsen Verlag, 
1926. 135 pp., 8 x 6 in., cloth. 6.-r. m. 

A concise handbook upon the use. of graphic integration, 
intended for practising engineers who have some knowledge of 
* the theoretical principles. The book consists chiefly of illus- , 
trations of the application of the method to problems tffat 
recur frequently in structural design, and that are more con¬ 
veniently solved by this method than by other common ones. 
The examples are worked out completely. 

Heroes of Aviation. 

By Laurence La Tourette Driggs. New and revised edition. 
Boston, Little, Brown & Co., 1927. 346 pp., ports., 8x5 fn., 
cloth. $2.00. ^ • 

A vividly written account of the part played by the aviator 
in the World War, especially the exploits of the more famous 
airmen in the various armies on the western front. Tabulations 
of the victories accredited to the strongest air fighters of each 
nation are included, and there is a roster of the Americans 
killed while flying. First published in 1918; now revised. 

History of the Sciences in Greco-Roman Antiquity. 

By Arnold Reymond, N. Y., E. P. Dutton & Co., 1927. 245 

pp., 8x5 in., cloth. $2.50. 

Professor Reymond of the University of Lausanne has for 
many years given the advanced students a course ^of instruction 
in the history of science. The portion of that ."course which 
relates to‘antiquity is now offered in an English translation. 
It offers to the student an admirable survey, in which the known 
facts are clearly brought forth and divested of. an excess of 
detail, and the tendencies of science in that period, its achieve¬ 
ments and failures, are set forth clearly. 

Inventions and Patents, Their Development an£ Promotion. 

By Milton Wright. N. Y., McGraw-Hill Book Co., 1927. 
225 pp., 8 x 6 in., cloth. $2.50. 

A plainly written book of practical advice for inventors and 
would-be inventors. Tells how to^obtain a patent and how to 
market it. W arns the inventor of various dangers in his path. 

Lectures on Dielectric Theory and Insulation. 

By J. B. Whitehead. N. Y., McGraw-Hill Book Co., 1927. 
154 pp., diagrs., tables, 9x6 in., cloth. $2.50. ’ A 

Professor Whitehead’s book reviews the salient features of 
dielectrics for which the classical theory fails to account, reviews 
the literature describing experimental research upon the be¬ 
havior of dielectrics and coordinates it with fundamental theory 
as fully as possible and indicates some directions in which 
further experimentation may be fruitful. "The treatment is 
very condensed. The text is in the form of nine lectures, pre¬ 
pared for delivery in France as an exchange professor, which 
sumiharize the course given by the author to advanced students 
at the Johns Hopkins University. A bibliography is included. 

Legal Aspects of Zoning. 

By Newman F. Baker. Chic., University of Chicago Press 
c 1927 * 182 pp., 8x5 in., cloth. $2.50. 

Mr. Baker discusses the attitude of courts and lawmakers 
toward some of the more important questions that arise in 
connection with city planning. The extent to which the law 
takes cognizance of municipal aesthetics, legislation respecting 
zoning and the problem of the metropolitan area or region are 
considered, special attention being paid to court decisions upon 
contested points. Of interest to engineers as well as lawyers. 


Journal # A. I. E. E. 

Cogic of Modern Physics. • • 

By P. W. Bridgman. N. Y., Macmillan Company, 1927. 
228 pp., 9 x 6 in., elo&L. $2.50. 

- Many of * the new facts discovered in recent years in the 
domain of relativity and quantum theory have necessitated such 
complicated modifications in our notions of the fundamental 
concepts of physics that iff has become a matter of the first 
importance to review these concepts in inclusive fashion. This 
task Professor Bridgman essays in the present volume. He 
examines critically the various concepts, in the light of experi- 

r mental knowledge, with the purpose of leading to a clearer 
understanding of what the ideals of physics should be and of 
what the present structure of physics is.* 

„. Machine Design, Construction and Drawing. 

By Henry J. Spooner. 6th edition. Lond. & N. Y., Long¬ 
mans, Green & Co., 1927. 775 pp., illus., diagrs., 9x6 in., cloth 
$7.00. 

An English textbook which begins with instruction in mechani¬ 
cal drawing, and then proceeds to treat with fullness machine 
parts—fastenings, bearings, gearing, etc. An. unusual amount 
of practical information is given. 

Mathematics of Engineering 

By Ralph E. Rost. Baltimore, Williams & Wilkins Co., 1927. 
540 pp., 9x6 in., cloth. $7.50. # • 

The author, who is professo^of mathen^tics in the Post¬ 
graduate School of the U. S. Naval Academy, has prepared this 
book primarily for the student officers who are to specialize 
in mechanical, civil, electrical, ifteronaiitical, or radio engineering, 
in aerology, in naval construction, or in ordnance engineering. 
The result is a convenient introduction to mathematics with 
special attention to the requirements of the engineer, intended 
for students of maturity who already are somewhat familiar with 
conventional courses in mathematics. 

Mathematische Hilfsmittel fur Techniker. 

By A. Deckert and E. Rother.. Wittenberg, A. Ziemsen 
Verlag, 1927. 254 pp., 8 x 6 in., cloth. 7,50 r. m. 

A collection of formulas and other rules of differential and 
integral calculus used by engineers and scientists* arranged in 
convenient form for quick reference. 

Metallurgy; a general treatise for the use of students of 
engineering * 

By Henry Wysor. 3rd edition. Easton, Pa., # Chemical 
Publishing Co., 1927. 433 pp., illus., 9x6 in., cloth. $6.00. 

* In preparing this elementary textbook, the author has had in 
mind not only those students who intend to become producers 
of metals but also those iyho will become responsible for their 
selection and fabrication. His book therefore aims to concen¬ 
trate attention upon the properties of* the various metals and 
upon the mechanical and thermal operations by which these 
properties are developed and utilized. 

Beginning with descriptions of the raw materials, their prep¬ 
aration, and of metallurgical furnaces, the extraction and re¬ 
fining of the various metals are explained. Chapters are then 
devoted to general matters, such a$ alloys, casting, working and 
heat treatment. The text is concise and clear. 

Modern Industry. • , 

*By Ernest L. Bogart and Charles E. Landon. N. Y., Long¬ 
mans, Green & Co., 1927. 593 pp., illus., maps, 9x6 in., cloth. 
$3.75: • " ' ■ 

The authors of this work, believing that an understanding of 
industry precedes an understanding of business, have filled a 
gap that they believe exists in our economic textbooks, by 
this volume, which is intended as a background to the study 
of economics. 

Starting with a description of the characteristics of modern 
industry, the book discusses successively man as a contributing 
agent and nature as a conditioning factor. Typical great agri- 
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cultural and manufacturing industries sfre then studied, to make 
clear the principles underlying modern industry-and the methods 
followed in producing wealth. Finally', processes of exchange 
are considered. 

The book is descriptive, not theoretical. It gives a clear, 
interesting account of industry as a whole, in which the relations 
of the different parts to each other are brought out. Excellent 
lists of references are # given. * 

• 

Nomographie des Battingenieurs. 

By Max Mayer. Ber. u. Lpz., Walter de Gruyter & Co., 1927. 
Ill pp., diagrs., 6x4 in., cloth. 1,50 r. m. • 

Explains the method* points out the theoretical possibilities 
of nomography in structural engineering and provides a useful 
collection of nomograms which illustrates the practical appli¬ 
cation of these charts. 

Old Towpaths; The Story of the American Canal Era. 

By Alvin F. Hallow. N. Y., D. Appleton & Co., 1926. 403 
pp., illus., maps, 9 x 6 in., cloth. $5.00. 

This book provides for the general reader an interesting 
account of the rise of the canal eta in America, of its period of 
prosperity and ^>f the decline gftid practical extinction of the 
canal. There are also chapters on canal engineering and opera¬ 
tion, on life on tlffe canal, on travel, on canal lotteries and other 
interesting subjects. In addition to this general account, the 
author devotes a chapter to the individual history of each 
important canal project. There are many interesting illus¬ 
trations from old prints and phonographs, and a®useful bibliog¬ 
raphy. The author has brought together an immense amount 
of widely scattered information. 

Old Trades and New Knowledge; Six lectures delivered before 
a “juvenile auditory” at the Royal Institution, 1925. 

By Sir William Bragg. Lond., G. Bell & Sons, 1926. 266 pp., 
illus., plates, 8x5 in., cloth*. 8s. 

The “trades” discussed in these • lectures are those of the 
sailor, the v^eaver, the dyer, the potter, and the miner. Sir 
William treats each trade in an interesting fashion, giving special 
consideration to*the ways in which inodern scientific knowledge 
is changing these old cmfts. The book will interest ftiany adults 
as well as the ‘'juvenile” audience for which it w#s prepared. 

Principles of Employment Psychology. 

By Harold Ernest Burtt.. Boat. & N. Y., Houghton Mifflin 
Co., 1926. 568 pp., 9 x 6 in., cloth. $4.00. * 

“This book”, says its author, “is an outgrowth, in the first, 
instance, of material used for several years in presenting prin¬ 
ciples of employment psychology to college students, and in the 
second instance, of practical experience in personnel work and 
frequent contact with business men interested in psychology in 
so far as it relates to their problems. Effort is made, oh-the 
one hand, to give a fairly, comprehensive account of the principles 
involved for the use of students preparing for practical psychologi¬ 
cal work in industry, and on the other hand, to avoid a discussion 
that is too technical for the reader without a psychological 
background.” An extensive bibliography is given. 

Psychology of Selecting Men. 

By Donald A. Laird. 2d edition. N. Y.,McGraw-Hill Boo*k 
Co., 1927. 345 pp., illus., charts, 9x6 in. t cloth. $4.00. 

This book is the work of a trained psychologist who has 
attempted to supply * a technical account, in a non-technical 
way, of the fundamental considerations in selecting men. 

Dr. Laird first surveys critically the traditional methods of 
selection, by letter, by interview, by photograph, etc. The 
latter portion of the book describes the scientific methods of 
selection and discusses the use and limitations, of psychological 
and intelligence tests. 
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This edition contains new chapters which point the way for 
the utilization of definite tes*ts in choosing employees. 

^Radiotechnik, v. 4; Stromquellen fur Rohrenemfangsgerate. 

By Richard Albrecht. Ber. u. Lpz., Walter de Gruyter & Co., 
1927. 108 pp., illus., diagrs., tables, 6x4 in., cloth. 1,50 r. m! 

The fourth volume of Dr. Albrecht’s concise textbook takes 
up cells, storage batteries and other sources of power. The 
theory is explained clearly and practical directions are also 
^ given. A critical evaluation of the different sources of power 
*foiireceivers is given. 

Slide Valves a&d Valve Gearing. * 

By Peter Youngson. Glasgow, James Munro & Co., 1927. 
-233 pp., illus., diagrs., 10 x 8 in., cloth. 12s 6d. ’ * 

A clearly written, pr 9 fusely illustrated textbook on the 
working and management of steam valve gear, intended espe¬ 
cially for marine engineers. The author is the head of the Marine 
Engineering Department, ^Central Municipal Technical School 
Liverpool. f 

Statics and the Dynamics of a Particle. 

• By William Duncan MacMillan. N. Y., McGraw-Hill Book * 
Go., 1927. 430 pp., 9 x 6 in., cloth. $5.00. 

A discussion of the general theory, intended particularly for 
students of astronomy, physics or mathematics, but also of 
interest to engineers who wish further knowledge than that 
necessary for ordinary, applications. The text begins with 
the fundamental concepts and postulates and covers the subjects 
usually taught in colleges. A knowledge of the calculus is 
necessary. * 

Statistical Mechanics with Applications to Physics and 
Chemistry. 

By Richard C. Tolman. N. Y., Chemical Catalog Co., 1927. 
(American Chemical Society. Monograph Series). 334 pp 
9k 6 in., cloth.- $7.00. 

Statistical mechanics offers to the chemist and physicist a 
powerful method, wide in scope, for attacking theoretical prob¬ 
lems. Thos£ engaged in the study of the behavior of atoms and 
molecules will find this book* useful, for it develops the theorv 
of statistical mechanics in logical fashion and shows how the 
science may be applied to the elucidation of a number of chemi¬ 
cal and physical phenomena. 

Technische Schwingungslehre, bd. 2; Schwingungen im 
Maschinenanlagen. ' 

*By L. Zipperer. Ber. u. Lpz., 'Walter de Gruyter & Co., 1927. 
i24 pp.,*illus., 6x4 in., cloth. 1,50 r. m. 

After the discussion of vibration in general given in the first 
volume of the work, the second proceeds to discuss the individual 
methods for calculating the specific rate of torsional vibration 
in shafts with various numbers of disk flywheels. The method of 
calculating transverse vibra&ons is then given. Attention is 
then turned to experimental methods and to methods for avoiding 
* vibration. * 

Dee Transformator im Betrieb. ‘ * 

By Milan Vidmar. Berlin, Julius Springer, 1927. «310 pp., 
diagrs., 9x6 in. Boards. 19,-r. m. 

This book is in a sense an extension of the author’s larger 
work entitled “Die Transformatoren,” from which it differs by 
treating the subject from the point of view of the operator, * 
instead of the designer and maker. It is a textbook upon trans¬ 
former operation, intended for the operating engineer and dis¬ 
cusses the problems which confront him. 

The first chapter is devoted to'questions of the cost and 
efficiency of transformers. Chapter two discusses transformers 
for lighting circuits. Connections are considered in chapter 
three, which is followed by chapters on overloading, on voltage 
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regulation, and on cooling. 
Operating problems. 
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The final chapter treats of piinor 

VOBLAUFIGE RlCHILlNIEN FUR DIE AUSFUHRUNG VON BaUWER- 

AUS Beton ™ m °or, in Moorwassern ond Ahnlich • 
LUSAMMENGESETZTEN WASSERN. 

Ernft & Eis6nbeton ’' Berlin, Wilhelm 

Ernst & Sohn, 1927. o 7 pp., 11x8 in., paper. 0,80 mk. 

, A P am P ilet giving the specifications of the Deutsche Aussehuss 

i^swamns r/°T ing Construotio!1 of concrete structures 

InSoc^ir 8 ° 0IltalDmg addS “ d ° tW SUbStenC f 
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Zeitstudien Bei.Einzel^ertigu^g. 

By Hans Kummer. * Berlin, Julius Springer, 1926 118 nn 

diagrs., 9 x 6 in., paper. *9,60 r. m. ' PPv 

f the Kterature upon time studies, says this author, is 
devoted to studies of the tune required for producing machine 
parts manufactured in large numbers or in series In the 
present book he discusses the application of time studies to opera¬ 
tion! that occur infrequently and to the nuking of single parts 
of* machines. The book describes the methods for making 

’uSfn^fiXr atl0n .° f taWeS “ d tbe practical 


Engineering Societies Employment Service 


iiiiiiMiniiiiiiiuiimiiHiiiiiiuiiiiiiiimiiniiui 


■WNtltflll|INIIIIIilI||||||||| U t|||,|, 


hthxWeit^So^et^^Bn^^rT^he tendceZtrallakl'th* and Electrical Engineers cooperate no" 
WueUo received after an ndlheut charge but will noTbe repeated exceed upon 

^ppozTnmTim-, » .. . r ’“'” i w '" ““* *«* ** -! 

inctnbcTs of the Societies concerned at a ^sub^^iv^bo^TcUe^if^^i^npr'^'^ avaiiMe i* published weekly and is available to 

Mounts tn excess of $2000 per annum; temporary positions of onemnJhi i * e ( “ nnum; $1 ° P lus one per cent of all 
ii h l l w contributed by the members, together with tZ finances ZZlrLI f /1 th ™ e P er cent of total salary received. 

tt8h A b ^ u i^ -**• &«*** 

be addressed to the hey number indicated in eachcaslVLZZT^T^ 8 publish ? d he «*» or in the Bulletin should 

S3 “ *“• *■*«~*-i » «. testT^l^^AsSfrtt'.% a j; 


POSITIONS OPEN 

+t, E ^ E ? TRIC!A '^ ENGINEER, experienced in 
1 design of electrical control for elevators in¬ 
cluding mufti-speed alternating current and' 
variable voltage controlled equipment. Only 
mgh grade thoroughly experienced men need ap- 
^-PPly by letter. Location, Ohio. X-2875-O 
MM ENGINEER, young, for New York! 

‘ Y t Electrical .engineering graduate with test 
experience preferred. Apply by letter giving 
full particulars, experience, age, qualifications and 
salary desired, X-2893. 

ENGINEER, capable of recognizing and super- 
■ vising engineering department for manufacturer 
nigh-grade electrical switching equipment. 
Must have had five years or more practical 
experience in design and manufacture of electrical 
x” PPly by letter - Location, East? 

(For^further particulars see p. 21 , Adv. Sec. this 

MEN AVAILABLE 

uEFSS 0 ? a EN ™™ grad- 

LATE, 1926, B. S. m E. E., single 23 w kh 
definite abffity in research and development, and 
m general technical writing, desires permanent 
position with manufacturer of electrical apparatus 
Vicinity of New York preferred. C-2967 

TRfoffwt™^ CHANICAL AND ELEC- 
RICAL ENGINEER, desires permanent post- 

n“ d States or Canada, Age 24, married. 

G. E test course, eight months operating, eighteen 
months general workshop, twelvemonths’ drawing 
office experience. Willing to start on living wage 
rfhard work appreciated. Available four months. 

ELECTRICAL DESIGN AND CONSTRTXO 
™ N ENGINEER, 32, married,^ university 
graduate Electrical Engineer, with nine years. 


practical ^experience in design, construction and 
operation of central stations and substations, 
mshes position with public utility or engineering 
ton. Expert in automatic substations?control 
ay and metering. Location immaterial. B- 65 ^ 0 . 

RECENT GRADUATE, M. E., desires enter 
consulting work, research, editorial work, con- 

Srw^ aCh ?- G ° 0d hab «®. honest, 
^S* 1 ® 5 * references, exceUent coUege 
record. Commercial course in high school * 
Spanish, accounting, typing. New York City 
and vicinity only. C- 3 SS 5 . y 

ELECTRICAL ENGINEER, eighteen years’ 
experience development, design and manu¬ 
facture of high grade electrical apparatus and 
instruments. Meters, pyrometers and their 
application to various industries. Executive 
experience organization and administration. 
American born Christian. B-2721 

production engineer OR man¬ 
ager competent engineer and executive trained 
control, scheduling, machine opera- 
° ’. equipment, budgeting, valuations, costs 
wage incentives, with technical and college degrees 
and background of electrical and mechanical 
engineering experience with*eleven years’ cou- 
“ij e record of development, desires position 
n J“ tem St f es * Now engaged on installing 

sszsr ' B “zsr * -» —«» 

PROFESSOR, Electrical Engineering 42 
married, teacher, Electrical Engineering, deskfs 
ten™ 6 a Cbange ' Teaching experience of over 
la wT S C ° VerS P rac «®aUy all basic course, both 
“° r a f ory aad theory. Contact with the 
dustry has been broad and includes General 

Wffl Dub^f ? 8 ! 0 " 86 and utUlty ex Perience. 
W 1 U publish a book m the near future. Desires 

professorship m a recognized institution. B-7083. 


G * AGTJATE electrical ‘AND ME- 

an P , P U AL i BNGINEER ’ desires position with 
an eieetoc railway or industrial toncem. Experi- 

wactioo ^ 3 six ' yevs. °f railway projects and 
traction oqmpmem. and five yaars on power 
development. 0-3260. 

AND electrical en¬ 
gineer, Cornell graduate, eighteen years’ 
xperience, including efficiency engineering for 

Drodnrt dUSt v al (papermi ® along steam and power 
re wer* 1 ? toeS: combus Mon studies, boiler house 
rehabilitation, etc. Industrial pever sales engi- 
n^rmg for utility. Prior to foregoing; su P £- 
**=*f"=al mstajlation for large electrical 
B-6764 er Wh 6 Stationed ln Eastern, city. 

ELECTRICAL ENGINEER, 22, single, tech¬ 
nical graduate, two years’ experience managing 
municipal W ater and light system, including 
generating plant, pumping plant, office, etc., 
alsb some experience in high-tension substation 
work. Location, East preferred. C -3194 

w t DUATE ENGINEER, 21, single, B. S. 
E. E., 1927, desires work in electrical manu- 
raciunng design, research, or instahation and 
Thorough and conscientious, good 
0-3255 L ° Cati0n P rete ed, United States. 

TECHNICAL ENGINEER, Six years’ expe- 
“ public utilities, purchasing, sales, testing, 
instahation and appraisal work. Excellent refer¬ 
ence. Energetic and pleasing personality. De¬ 
sires permanent position with a future. Mod¬ 
erate salary to start. C-1973. 

DISTRIBUTION ENGINEER, 27, single, 
over five years’ experience layout and design of 
transmission amd distribution systems of two 
arge Eastern utilities. Experience in overhead, 
underground^ and substation construction. Has 
had supervision of men in both, positions. Initia- 
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tive and aggressiveness. Location immaterial, mahy different types of electfical 
B-8707. # desires position with small or moderal 

ELECTRICAL ENGINEER, 24, technical in sales or sales and service. Locatio 
graduate, with one year’s experience in the con- New JerSey. G-3020. # 

struction lighting distribution systems, and an ELECTRICAL ENGINEER, 21, si 
excellent house wireman. Desires position with electrical engineer, B. S. Degree* ii 
large electrical contractor with opportunity for Engineering from the University o 
permanent employment. Location anywhere. California, desires a position, preft 
Available August 30 th. # C-3305. manufacturing concern. Location 

SALES OR SALEAND SERVICE, 28, South, West or Southwest. C-3310-' 
single, technical graduate; Six years’ experience ELECTRICAL ENGINEER, 28, 
covers testing and service engineering work on graduate. Three years shop * worl 


MEMBERSHIP 


Applications, Elections, Transfers, Etc 


RECOMMENDED FOR TRANSFER 

The Board of Examiners, at its meeting held 
July 19, 1927, recommended the following mem¬ 
bers for transfer to the grade of membership 
indicated. Any objection to these transfers 
should be filed at once with the National^Secretary. 

To Grade of Fellow 

BARNES, JAMjSS P., President, Louisville 
Railway Company, Louisville, Ky. 

MAHAN, JAMES* S., Electrical and Eire Pre¬ 
vention Engineer* Western Acti^rial Bureau, 
Chicago, Ilk 

STIGANT, STANLEY A., Manager, Trans¬ 
former Dept., Johnson & Phillips, £td., 
London, England. * 

APPLICATIONS FOR ELECTION 

Applications have been received by the Sec¬ 
retary from the following candidates for election 
to membership in the Institute. Unless other¬ 
wise indicated, the applicant has applied for ad¬ 
mission as an Associate. If the applicant has 
applied for direct admission to a higher grade 
than Associate, the grade follows immediately 
after the name. Any member objecting to the 
election of any of these candidates should so 
inform the Secretary before August 31, 1927. 

Aemmer, JB\, American Brown Boveri Electric Co., 
OAmden, N.J.’ , . 

Anderson, H. O., Rockflestos Products Corp., 

New Havexf, Conn. 

Borch, H. J.*B. M. T., Brooklyn, N. Y. 

Burton, J. T„ (Member), Kohler Co., Phila¬ 
delphia, Pa. 

Bradley, W. R., Missouri Power & Light Co., 
Excelsior Springs, Mo. 

Brown, H., Southwestern Oil Co., Houston, Texas 
Brown, H. E.,« Pennsylvania Railroad,* New- 
comerstown, Ohio 
Busby, A. H. W., Consolidated Mining & Smelting LeVan, 
Co., Trail, B. C., Can. wa 

Campfleld, L. M., Westinghouse Elec, & Mfg. Co., r vnuh 
East Pittsburgh, Pa. y ’ 

Divito, A. A., 104 S. 3rd St., Harrison, N. J. ^ 

Doobin, A. M., New York Central Railroad Co,, Montvj 
New York, N.Y. Co 

Dubs, F. H., Toledo Edison Co., Toledo, Ohio * Morela 
Epstein, S., A-One Electric Co., Brooklyn, N. Y. Br 
FitzGerald, A. S., (Member), General Electric Nachm 
Co., Schenectady, N. Y. jq-. 


Fortin, R. P., Trade & Cojjimerce Dept., Do- Norton, R. H., (Member), B. C. Fire Underwriters 
minion Gov t., St. John, N. B. Ass’n., Vancouver, B. C. 

Garratt, Joseph F. G., E. L. Philips Construction I\uez«l, E. F., Columbia Engg. & Management 
Co., Far Rockaway, N. Y t . Corp., Cincinnati, Ohio 

Gilcrease, E. E., Molony Electric Co., St. Louis, Ogden, P. L., Public Service Co. of No. Illinois 
^ Mo * . Chicago, Ill. 

Godoy, E. R., Mexican Tel. & Tel. Co., Mexico, * (Applicant for re-election.) 

■ J^*E.,Mex. Pagot, A. L., General Electric Co., Schenectady, 

Goodman, I. E., Goodman Engineering Co., N.Y. 

Cleveland, Ohio Paton, R. E., Leeds & Northrup Co., Philadelphia, 

Grant, C., Electricity & Gas Insp. Service, Pa. 

Dominion Gov t., St. John, N. B., Can. Peet, H. D., Jr., Kentucky Development Co., 
Grant, E. G., Nashwaak Pulp & Paper Co., Louisville, Ky. 

Fairville, N. B., Can. Pierre, G. J., Detroit Edison Co., Detroit, Mich. 

Gray, J. C., Gray Electric Co., Detroit, Mich. Reck, J. E., Piqua Dist., Dayton Power & Light 

Guckel, C. H., United Electric Light & Power Co., Co., Piqua, Ohio 

New York, N.Y. * Santschi, A. E., Western Electric Co., Chicago, 
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Journal A. I. E. E. 


OFFICERS A. I. Es E. 1927-1928 


C. C. Chesney 

H. M. Hobart 
B. G. Jamieson * 
George L. Knight 
H. H. SCHOOLFIELD 
A. E. Bettis 


President 

Bancroft Gherardi 
Junior Past Presidents 

M. I. Pupin 

* Vice-Presidents 

O. J. Ferguson 
E. R. Northmore 
J. L. Beaver 
A. B. Cooper 
C. 0. Bickelhaupt 


John B. Whitehead 
J. M. Bryant 
E. B. Merriam 
M. M. Fowler 
H. A. Kidder 
E. C- Stone 
National Treasurer 
George A. Hamilton 


Managers 

I. E. Moultrop 

" H. C. Don Carlos 

F. J. Chesterman 
F. C. Hanker 

E. B. Meyer 

H. P. Liversidge 

National Secretary 

F. L. Hutchinson 
Honorary Secretary 

Ralph W. Pope _ 


rLOCAL HONORARY SECRETARIES 

T. J. Fleming, Calle B. Mitre 519, Buenos Aires, Argentina, S. A. 

H. W. Fla'Shman, Aus. Westiaghouse Elec. Co. Ltd., Cathcart House, 11 Castle- 
reagh St.? Sydney, N. S. W., Australia. 

Carroll M. Mauseau, Caixa Postal No. 571, Rio de Janeiro, Brazil, S. A- 
Charles le Maistre, 28 Victoria St., London, S. W. 1, England. 

A. S. Garfield, 45 Bd. Beausejour, Paris 16 E. France. 

F. W. Willis, Tata Power Companies, Bombay House, Bombay, India. 

Guido Semenza, 39 Via Monte Napoleone, Milan, Italy. 

P. H. Powell, Canterbury College, Christchurch, N|w Zealand. 

Rxel F. Enstrom, 24a Grefturegatan, Stockholm, Sweden. 

W- Elsdon-Dew, P. 0. Box 4563, Johannesburg, Transvaal, Africa. 

- A. I. E. E. COMMITTEES 

The list of committees is omitted from this issue, as new appointments are 
being made for the administrative year beginning August 1. The new commit¬ 
tees will be listed in the September issue. 

a. i. e. e. representation 

A complete list of A. I. E. E. representatives on various bodies will be published 
in the September issue. 


LIST OF SECTIONS 


Baltimore 


Cincinnati 

Cleveland 

Columbus 

Connecticut 

n ■ 

Denver 

mm r ; ; 

Detroit-Ann Arbor 


Fort Wayne 


A. L. Richmond 
C. E. Bennett 
W.B .Kouwenho ven 

E. W. Davis 

B. E. Ward 
R. C. Fryer 
A. M. Lloyd 

F. C. Nesbitt 

A. E. Knowlton " 

A. L. Jones 
Harold Cole 
L. H. Curtis 
P. O. Noble 


Indianapolis-Lafayette J. B. Bailey 


Kansas City 
Lehigh Valley 

Los Angeles 
Louisville 


R- F. Chamberlain 
S. M. DeCamp 
M. R. Woodward 

L. C. Williams 11 
D. C. Jackson, Jr. 
W, F. Dawson 
J. T. Rood 


Milwaukee 


Minnesota 

Nebraska 


Niagara Frontier 
Oklahoma 


Carlos Macias 


John D. Ball . 


J. E. Sumpter 
N. W. Kingsley 
L. W. W. Morrow 
L. E. Imlay 
Edwin Kurtz 


Secretary 

W. A. Hillebrand, Ohio Insulator. 
Co., Akron, Ohio 

W. F. Oliver, Box^211, Atlanta, 
Ga. 

en R. T. Greer, MaSTson St. Building, 
Baltimore, Md. , - 

W. H. Colburn, 39 Boylston St., 
Boston, Mass. 

L._J. Vanhalanger, Conway Build¬ 
ing, Chicago, Ill. 

Leo^ Dorfman, 3531 Vista Ave., 
Cincinnati, Ohio, 

E. W. Henderson, 1088 Ivanhoe 
Road, Cleveland, Ohio 

W. E. Metzger, Iaterurban Termi¬ 
nal Bldg., Columbus, Ohio 
R* G. Warner, Yale University, 
New Haven, Conn. 

R. B. Bonnfty, Telephone Bldg.* 
P. O. Box 960, Denver, Colo. 

F. H. Riddle, Champion Porcelain 
Co., Detroit, Mich. 

C. P. Yoder, Erie County Elec. 
Co., Erie, Pa. 

F. W. Merrill, General Elec. Co., n 
Fort Wayne, Ind. 

C-A. Fay, 4206 Ttornelius Ave., 
Indianapolis, Ind. 

a H* H. Race, Cornell University, 
Ithaca, N. Y. 

B. J. George, Kansas City Pr. & 
Lt. Co., Kansas City, Mo. 

G. W. Brooks, Pennsylvania Pr. 

& Lt. Co., 8th & Hamilton Sts., 

■ Allentown, Pa. 

H- L- Caldwell, Bureau of Light & 
Power, Los Angeles, Cal. 

W. C. White, Southern Bell Tel. & 
Tel. Co., Louisville, Ky. 

V. R. Holmgren, Gen. Elec. Co., 
Bldg. 64 G, Lynn, Mass. 

R* JJ*_ Hunt, D. W. Mead and * 
G* V. Seastone, State Journal 
Bldg., Madison, Wis. 

G. Solis-Payan, Ave. Portales 89, 
General Anaya, Mexico, D. F., 
Mexico 

Wm. J. Ladwig, Wisconsin Tel. 
Co., 418 Broadway, Milwaukee, 
Wis. 

Gi £ert Cooley, Rice & Atwater, 

St. Paul, Mum. 

Roy Hagen, General Electric Co., 
Omaha, Nebraska 

J- B. Bassett, General Elec. Co., 

120 Broadway, New York, N. Y. 

E. P. Harder, ,205 Electric Build¬ 
ing, Buffalo, N. Y. 

c * c * Stewart, Okla. Gas & Elec. 
Co., Norman, Okla. 


Philadelphia 

Pittsburgh 


Portland, Ore 


San Francisco^ 
Saskatchewan 


Schenectady 


Southern Virginia 


Springfield, Mass. 
Syracuse 


Vancouver 


Washington, D. C. 


L. W. Parsons 

I. M. Stein 

W. C. Goodwin 

E. F. Gehrkens 

J. E. Yates 

F. N. Tompkins 

E. C. Karker 
L. F. Woolston 
D. I. Gone 
J. D. Peters 


T. A Worcester 


C. R. Wallis 
L. H. Hill 
W. S. Rodman 
Richard McKay 

C. A. M. Weber 
C*E. Dorr 
T. J. Nolan 
C.JE. Sisson 

J. O. Kraehenbuehl 

Daniel L. Brundige 
A. C. R. Yuill ' 


M. G. Lloyd 


Guy F. Woodward 


Secretary 

I. F. Mcllhenny, Box 413, Balboa 
Heights, C. Z. • 

' R. H. Silbert, 2301 Market St., 
Philadelphia, Pa. 

H. E. Dyche, University of Pitts¬ 
burgh, Pittsburgh, Pa. 

C. H. Kline, General Electric 
Co., Pittsfield, Mass. 

L. M. Moyer, General Electric 
Co., Portland, Ore. 

. F. W. Smith, Blackstone Valley 
Gas & Electric Co., Pawtucket, 
R. I. 

Wade H. Reichard, Gen. Rwy- 
Signal Co., Rochester, N. Y. 

L. P. Van Houten, 2670 Washing¬ 
ton Boulevard, St. Louis, Mo. 

A. ,G. Jones, §07 Rialto Bldg., San 
Fmncisco, Calif. 

W. P. Brattle* Dept, of Tele¬ 
phones, Telephone Bldg., Re¬ 
gina, Sask., Canada 
R. F. Franklin, Room 301, Bldg. 
No. 41, General Elec. Co., 
Schenectady, N. Y. 

Ray Rader, Puget Sound Pr. & 
Lt. Co., Seattle, Wash. 

H. B. West, Westinghouse Elec. 
& Mfg. Co ,*Sharon, Pa. 

K. H. Berry, 1338 Rockbridge 
Ave., Norfolk, Va. 

James B. Fisken, Washington 
Water Power Co., Lincoln & 
Trent, Spokane, Wash. 

B. V. K. French, American Bosch 
Magneto Co., Springfield, Mass. 

F. E. Verdin, 615 City Bank Bldg., 
Syracuse, N. Y. 

Max Neuber, 1257 Fernwood Ave., 
To.edo, Ohio 

F. F. Ambuhl, Toronto Hydro- 
Elec. System, 226 Yonge St., 
Toronto, Ont., Canada 

. J. K. Tuthill, 106 Transportation 
Bldg., University of Illinois, 
Urbana, Ill. 

C. B. Shipp, General Electric Co., 
Salt Lake City, Utah 

J. Teasdale, British Columbia 
Elec. Railway Co., Vancouver, 
B. C., Canada 

H. E. Bradley, Potomac Elec. 
Pr. Co., 14th &.C Sts., N. W. # 
Washington, D. C. 

F. B. Crosby, Morgan Construc¬ 
tion Co., 15 Belmont St., Wor¬ 
cester, Mass. 
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LIST OF BRANCHES 


Name and Location 


Chairman 


Secretary- 


Counselor 

(Member of Faculty) 


Akron, Municipal University of, Akron, Ohio...C*R. Delagrange 

Alabama Polytechnic Institute, Auburn, Ala.....T. S. Lynch 

Alabama, University of. University, Ala........Sewell St. John ' 

Arizona, University of, Tucson, Ariz. . ..Gary Mitchell 


Arkansas, University of, Fayetteville, Ark.......Carroll Walsh 

Armour Institute of Technology, 3300 Federal St., Chicago, Ill....L. J. Anderson 



Carnegie Institute of Technology, Pittsburgh, Pa....R. A. Giles” 

Case School of Applied Science, Cleveland Ohio...C*. J. Currie 

Catholic University of America, Washington, D. C. ....Wm. ®. Sparks 

Cincinnati, University of, Cincinnati, O...>. .. C. W. Taylor 

Clarkson College of Technology, Potsdam, N. Y...... _..H. J. Myrback 

Clemson Agricultural College^ Clemson College, S. C........L. R. Miller 

Colorado, University of, Boulder, Colo.......J. A. Setter 

Colorado State Agricultural College, Fort Collins, Colo. ....Harold Groat 

Cooper Union, New York, N. Y.....•*.E. T. Reynolds 

Denver, University of, Denver, Colo......G. K. Baker 

Drexel Institute, Philadelphia, Pa....J. E. Young 

Duke University, Durham, N. C.......0. T.*Colclough 

Florida, University of, Gainesville, Fla......W. H. Johnson 

Georgia School of Technology, Atlanta, Ga.....W. Mi McGraw 

Idaho, University of, Moscow, Idaho..........R. G. Elliott 

Iowa, St$.te University of, Iowa City, Iowa.. ..Theo. Van Law 

Kansas State College, Manhattan, Kansas..ALM. Young 

Kansas, University of, Lawrence, Kans....Claire Williamson 

Kentucky, University of, Lexington, Ky...R. W. Spicer 

Lafayette College, Easton, Pa. .... .Herbert Heinrich 

Lehigh University, Bethlehem, Pa.....H. C. Towle Jr 

Lewis Institute, Chicago, Ill..-- A .....L. F. Masonick 

Louisiana State University, Baton Rouge, La..... .R. C. Alley 

Maine, University of, Orona, Maine...'.....R. F. Scott 

Marquette University 1200 Sycamore St., Milwaukee, Wis....... J. R. Adriansen 

Massachusetts Institute of Technology, Cambridge, Mass.W. M. Hall 

Michigan State College®East Lansing, «Mich...H. E. Hunt 

Michigan, University of, Ann Arbor, Mich.....L. J. VanTuyl 

Milwaukee, Engineering School of, 415 Marshall St., Milwaukee, Wis.Joseph Havlick 

Minnesota, University of, Minneapolis, Minn......... G. C. Brown 

Mississippi Agricultural & Mechancal College, A. & M. College, Miss.H. M. Stainton 

Missouri School of Mines & Metallurgy,Tlolla, Mb......H. H. Brittingham 

Missouri, University of, Columbia, Moi...C. E. Schooley 

Montana State College, Bozeman, Mont.....W. E. Pakala • 

Nebraska, University of, Lincoln, Neb... W. A. Van Wie 

Nevada, University of, Reno, Nevada..; Kenneth Knopf *+ 

Newark College of Engineering, 367 High St., Newark, New Jersey.E. $. Bush 

New Hampshire, University of, Durham, N. H....... S. S. Appleton 

New York, College of the City of, 139th St. & Convent. Ave., New York, N. Y... .Joseph Leipziger 

New York University, University Heights, New York, N. Y.H. U. Hefty 

North Carolina State College, Raleigh, N.C. J.C. Davis 

S°!S Carolina, University of. Chapel Hill, N. C.D M. Holshouser 

North Dakota, University of, University Station, Grand Forks, N. D.Alfred Botten 

Northeastern University, 316 Huntington Ave., Boston 17, Mass.Wm. P. Raffone 

Notre L>ame, University of, Notre Dame, Ind........ W. C. Davis 

Ohio Northern University, Ada. O'....;.....John Simmons 

Ohio State University, Columbus, O...A. B. Crawford 

Ohio University Athens, O. ...... ... Clarence Kelch 

Oklahoma A. & M. College, Stillwater, Okla.....;.. ..; ,BuESr Fontf * 

Oklahoma, Uiversity of, Norman, Okla..Dick Mason 

Oregon Agricultural College, Corvallis, Ore.. ... j. D. Hertz 

Pennsylvania State College® State College, Pa......Carl Dannerth 

Pennsylvania, University of, Philadelphia, Pa.* . ..j. F. H. Riordan Tr. 

Pittsburgh, University of, Pittsburgh, Pa....•.. . M. G. Tarrett * 

Princeton University, Princeton, N. J.John Reine 

Purdue University,-Lafayette, Indiana..H. L. Lindstrom 

Rensselaer Polytechnic Institute, Troy, N. Y.. W. F. Hess 

Rhode Island State College, Kingston, R. I.. ....!!!!!!!!!! C. F. Easterbrooks 

Rose Polytechnic Institute, Terre Haute, Ind...... ..D. L. Fenner 

Rutgers University, New Brunswick, N. J... .n. A. Kiet 

Santa Clara, University of, Santa Clara, Calif..R p O’Brien 

South Dakota-State School of Mines, Rapid City, S. D. .. D' A White * 

f° u *£ of. Vermillion, S. D»...........Stanley Boegler 

Souttem Califorma, University of, Los Angeles, Calif....... Gilhert Dunitan 

Stanford University, Stanford UmversA. Calif...... G G Chambers 

Stevens Institute of Technology, Hoboken, N. J.D. b! Wesstrom 

bwarthmore College, Swarthmore, Pa.... T C Liehtfoot 

Syracuse University, Syracuse, N. Y.... I".:.. I!. •.ED L™de 

Tennessee, University of, Knoxville, Tenn.... ’ * 'f' n’G reen 

Texas, A. & M. College of, College Station, Texas. W.YIY/.'.C. A. Altenbern 

Texas, University of, Austin, Texas__... A L Mavfield 

Utah, University of, Salt Lake City, Utah.... . WI.* .* .* .* .H*. E LarsSn 

Virginia Military Institute, Lexington, Va._ W F R Griffith 

^? 1 ^ 6Ch ^r C I i 1S T t T it ^ te » ^acksburg, Va.... ... R.' M. Hutcheson 

Virginia, University of. University, Va. . R C Small 

Washington, State College of, Pullman, Wash.* ..Harrv Wall 

Washington University, St. Louis, Mo.. . r l Belshe 

Washington, University of, Seattle, Wash.......‘ * 1 *. *. V* ’. *. Wm‘ Bolster 

Washington and Lee University, Lexington, Va.... RE Keoler 

West Virginia University, Morgantown, W. Va... *.* ..T L Smith 

Wisconsin, University of, Madison, Wis.. .Tnhin 

Worcester Polytechnic Institute, Worcester, Mass.M V ’ DA. Caller ' 

Wyoming, University of, Laramie, Wyoming... T 0 hn Hicks 

Totll T 95 VerSlty ’ NeW HaVen ’ COn ”'... Wm. W. Parker 


P- W Bierman 
P. E. Sandlin 
J. M. Cardwell, Jr. 

■ Audley Sharpe" 

W. H. MannTjr. 

H. T. Dahlgren 
Joseph Heller • 

A. C. Urffer 
J. G. Kuhn 

R. T. Moiitin . 

J. R. Britton 
R. C. Taylor 

C. S. Daily, Jr. 

W. C.'Osterbrock 
W. E. Turnbull 
J. U. Wilson. 

R. D. Palmer 
Howard Steinmetz 
Wilfred Henschel 
L. L. Booth 
Charles Backman 
F. A. Bevacqua 
A- C-. Dean 

F. L. Kaestle 

F. B. Peterson 
J. Is. Cecil 

E. J., Hartman 
John Yost 

D. M. Black . 

C. D. McClanahan 
Danie# Paul 

W. D. Goodale, Jr- 

G. M. Berg 
W. S. Marks 

E. W. Jones 

H. J. Lavigne 
H. F. Krantz 

S. W. Luther 

• W. E. Reichle 
H. F. Brundage 

G. C. Hawkins 

B. W. Roloins 
E. J. Gregory 
W. D. Johnson 
J. A. Thaler 
Keith Davis 
Clark Amens 

C. H. Clarendon, Jr. 

H. B. Rose 

A H. Rapport 
Henry Och 

T. C. Farmer 
W. C. Burnett 
Nels Anderson 
John L. Clark 

C. H. Scharnel 
Verl Jenkins 
L. G. Stewart 
G. R. Smith 
Jerry Robertson 

S. Hannon. • 
•Richard Setterstrom 
W. J. Gorman 
Wm. H. Hamilton 

D. P. Mitchell 
J. McN. Myers 
H- A, Hartley 

B. G. Morehouse 
Charles Miller 

W. F. A. Hammerling 
J. E. Conover 

C. E. Newton 
Harold Eade 

L. E. Crowell 
Osborne Hatch 

T. L. Lenzen 
G. E. Witham 
W. F. Denkhaus 
T. P. Hall 

B. M. Gallaher 
J. L. Pratt 

G. E. Schade 
Junior Pettffrson 

• F. Barkus . 

M. B. Cogbill 

H. M. Roth 

E. G. Peters 

J. G. Mazahec, Jr. 
Arthur Peterson 
Bernard Yoepp 
P. E. Davis 
Leonard Saari 

C. H. Kauke 
Edward Joslin 
J, W. Hinkley 


J. T- Walther 
W. W. Hill 

J. C. Clark 
W. B. Stelzner 

D. P. Moreton 
Robin Beach 
W. K Rhodes 

R. W. Sorensen 
T. C. McFarland 
B. C. Dennison 
H. B. Dates 

T- J. MacKavanaugh 
W. C. Osterbrock 
A. R. Powers 

S. R. Rhodes 
W. C. Du Vail 
H. G. Jordan 
N. L. Towle 

R. E. Nyswander 

E. 0. Lange 
W. J. Seeley 
J. M. Weil 

E. S. Hannaford 
J. H. Johnson 

F. A. Pish 
A. H. Ford 

R. G. Kloeffler 

G. C. Shaad 


Morland King 
J. L. Beaver 
F. A. Rogers 
M. B. Voorhies 
Wm. E. Barrows, Jr. 
T. F- H.-Douglas 
W. H. Timbie 
L- S. Foltz 

B. F. Bailey 
John D. Ball 

H. Kuhlmann 

L. L. Patterson 

I. H. Lovett 

M. P. Weinbaeh 

J. A. Thaler 

F. W. Norris 

S. G. Palmer 
J. C. Peet 

L. W. Hitchcock 
Harry Baum 
J. Loring Arnold 

G. C. Gox 

P. H. Daggett 
D. R. Jenkins 
Wm. L. Smith 
J. A*. Caparo 

I. S Campbell 
F. C- Caldwell 
A A. Atkinson 
Edwin Kurtz 
F. G. Tappan 
F- O McMillan 
L. A. Doggett 

C. D. Fawcett 

H. E. Dyche 
Malcolm MacLaren 

A. N. Topping 
F. M. Sebast 
Wm. Anderson 
C- C- Knipmeyer 
F. F. Thompson 

D. W. Griswold 

J. O. Kammerman 

B. B. Brackett 
P. S. Biegler 

T. H. Morgan 

F. C. Stockwell 
Lewis Pussell 

C. W. Henderson 
C. A. Perkins 

C. C. Yates 
J. A. Correll 
F. Merrill 
V. Anderson 
Claudius Lee 
W. S. Rodman 
R. D. Sloan 
H. G. Hake 

G. L. Hoard • 

R. W. Dickey 

A. H. Forman 
C. M. Jansky # 

H. A. Maxfield 
G. H. Sechrist 
C. F. Scott 
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DIGEST OF CURRENT INDUSTRIAL NEWS 


IITALOGt-ES AND OTHER PUBLICATIONS district office from 1808 Railway Exchange Building. Si, l«mh, 
Madrti to interested readers by issuing companies to 1003 Davidson Building, Kansas ('itvT Robert Not \ vat bring 

732, 8 pp. Describes ^.incharge. The St. Louis district will be handled by Mr. \«»i % 
General Electric Company, Sehenec- his time being divided between the two eit ies. 

A branch office has also ''been established at TJO X wlmlm 
of Building, Toledo, in charge of A. II. Ihmirigluius, who wm 
formerly in charge of the Missouri district. 

New Wire Stripper.—A new tool for quickly stripping instill** 
tionfrom electrical wires from 10 to 20 gauge has been marketed 
by the Pyramid Products Company, 2311 South Stntv Hina y 
Chicago, Ill. The device operates like an ordinary pliers 
New Across-the-Lioe Starter.-—The Cutter-! 

Manufacturing Company, Milwaukee, has placed on fh# nmrlfl 
what is claimed to be the littlest aorosa-tho-Iine stnrti r 
5 h. p. and smaller a-c. motors. The new device mvm pmh 
button control of starting and stopping, and provides tWrmaJ 
overload protection and no-voktag© protection. 

Consolidation of Power Specialty and”Wheeler Can- 
denser Companies.—The Power Specialty Vein puny ami th« 
Wheeler Condenser & Engineering Company have Umn mnwad 
and wiU be known hereafter as the Poster Wheeler Corporation 
New York. The most widely known products of thwsa wm- 
pames include superheaters, Economizers, coal pulverizer# 
densers and other steam power equipment. No chaniw in thn 
management will be made. 

F Ay W Y y k Edison Company to have World’s Larged 
tes now in kilowatts eIectrie generator rated at 160,000 

kilowatts. L ll a ^ ?! all6d by the NflW York Wfaon Company 

geneXShfve ^ X 

a meter ; n •_ , a ^P&city nearly thru© times m largci m 

md elec- struetion anvw? 0 ^ • a ? ka,f affa,n as as any under mtt* 
ssentially E1 - • r yv ere m t,le woldd > according to the (tenoral 
detecting Eleetrle C °mpany, its builders. " ^ 

ing parts G York Edi som Company is also obtaining f TOm t*. 

16 meters 0O0-MtewLTA? neoe8sa # transformers and two 

ua Office tionaI orders valued at 12m 1, , mnoma *» that ttkfr 

AvenuJ States for **^*2^£^ **2 ^ 

- hydro-electric develonA?? ? r work M «• 680,000 h. p. 

of Mil- Union - Since the beginning of ^DruZ^ KiV< ' P tho vtet 
M,«._ ®f™« ot Apnl equipment, valued at im- 

' been ***** here for the Dnieper work 

S V & p 0rde I for IIurf - Generator 

wet5Ir r r ,nmy ° r Nm Y < >rk f *« 

Sne In " ? 1<,Ctri0 & Manufacturing 

deetricnf e , rator unit of approximately 
dectacal output, for an extension of td 


i)il Fmsw? Cutouts. • 'Bulletin GEA 

I> A W oil fn«© eutouts, 

Oictxtt Iirt‘akers.~*'Bulletin 11. Describes all types 
i mii ' I m*irk oil eirvuit-breakers and control mechanisms. 
'I m~ §*mdile Eiuetrie -Manufacturing Company, 5815 Third 

Ha« Ftmeism, Cal 

<^iterator Voltage Regulators.—Bulletin GEA 709*. 32 
I I h - CI-E automatic generator voltage regulators. 

Ekmirie Cum pany, Seheneetady, N. Y. 

Uftliiff Mmiamtm ,--BuMetin 900. -Describes the new E C & M 
m&§$nrt* type SA. A number of im] 

♦wtieg Have been incorporated in t 

T’ t '»trie 1 4>iitr©ller ■& Manufacturing Com' 

firwiocI-DIimer.— Bulletin 150 , 4 pp. Des 

iimtniaiesl for measuring ground resistance. ] 

I.;! and 1:10 transformer, shielded dy 
mitfi «Iirect reading slide win 

mmmmmrn, II errnm H. Sticbt & Company, 

SwY«f%, " 

i%t er H heel Driven Generators.—Buih 

A ^ profusely illustrated publication p: 

* ' - -q.kar ; «fi3> utilizing G-E w i 

and tiaving an. aggregate capacity 
i Liloivatts. The total capacity of suel 
' 1 ' k-rabiy in excess" of six 

' ' - Czuvjany. Seheneetady N Y 

' • . -ommvrs. -Bulletin 77, 4 pp. ' D 

f w measuring resistan 
'C : ■ ‘ ■ ?.vpes of groundomete] 

. ' '*** mth »■ telephone rece 
,imm mime^kh and there are 1 er*cir# 


* has appointed the Company a steam 

|«ter S, Tuls., Ok..,, 225,000 Lj ' 

oma. ^The Petroleum Hellgate generating si 
^ instruments, circuit River, New York Citi 

D ^™ eI of the ? e cross-compound d 

• D. Williamson and rev. per min. generator. 

pening of a sales offir.A n General Electric E 
«»<Urec- » “* ' 

l ?S 2 K?S: r«*“ 

bert formerly of the st °ek for the si: 

fte American Brol n 8l9 '000,392. 

1 vdth Raymond W. to SgTofo??'^ for th 
fex power insulators 0 f 199 fi 0 °’| 47 e0mpare ' 
<■«<.«„ « 369 JuM 8 ■ ‘ o ^«0: 

, tt Mi „ onri “r M °cs" ,d m 






PUBLISHED MONTHLY BY THE AMERICAN ^STITUTE OF ELECTRICAL ENGINEERS 

33 West 39th Street, New York 

Subscription. *$10.00 per year to United States, Mexico, Cuba, Porto Rico, Hawaii and the Philippines, $10.50 
to Canada and $11.00 to all other countries. Single copies $1.00. 

Entered as matter of the second class at the Post Office, New York, N. Y., May 10, 1905, under the Act of Congress, March 3, 1879. 
Acceptance for mailing at special rate of postage provided for in Section 1103, Act of October 3, 1917, authorized on August 3, 1918. 


Vol. XLVI 


SEPTEMBER, 1927 


Number 9 


TABLE OF CONTENTS 


Papers, Discussions, Reports, Etc. , 

... 857 Discussion at Winter Convention 

Tanks and The M. .M. F. Wave of Polyphase Windings 

J. H. Hamil- (Graham).... 948 

. 859 Combined Light and Power Systems for A-c. 

:cuit, Three- _ Secondary Networks (Richter). 949 

atoh. 868 Discussion at Kansas City Meeting 

P.Jollyman 877 Development of Railway Signaling (Stevens). 954 

. 880 Discussion at Pittsfield Meeting 

Lt Mills, by Substitution Method for the Determination 

. 881 * of Resistance of Inductors and Capaci- 

[ves for Roll- tors at Radio Frequencies (Burke). 955 

. 885 Condenser Shunt for Measurement of High- 

Current to Frequency Currents of Large Magnitude 

.... 892 (Nyman)...... 957 

Currents and High-Frequency Measurement of Communi- 

. Karapetoff 897 cation Apparatus (Shackelton and 

suability of Ferguson).. .... ------ .. 957 

. 903 A New Thermionic Instrument (Hoare)...... 958 

r, by H. S. The Oscilloscope, A Stabilized Cathode Ray 

. 904 Oscillograph with Linear Time Axis i 

tnical Forces iBedell and Reich)... 959 

er ........ 913 Empirical Analysis of Complex Electric 

of Kleotric _ Waves OTartoa).*. 960 

015 Sensitivity Characteristics of a Low-Fre- 

‘ 11‘ Y . quency Bridge Network (Edwards and 

ration, W. S. Herrington). 960 

. yi0 Mechanical Forces in Transformers (Clem).. 961 

>h Repeater, High-Voltage Measurements on Cables and 

.. 933 # Insulators (Kasson).. 963 

Moisture in * Sparking in Air (Sah).. 965 

(Abridged), Non-harmonic Alternating Currents (Bedell) 965 

urger, jr.... 939 •! A Theory of Imperfect Solid Dielectrics (Malti) 965 

Institute and Related Activities 

tion at Del Would Coordinate University Studies Throughout 

.. .. 968 World...... 971 

aber 29-30. . . 969 Value of Timber as Protection to Water Shed.... 971 

. # 970 Gasoline Engine Temperatures.. . 971 

•ican Chemi- Personal Mention..... 971 

. 970 Obituary. 972 

the National Past Section and Branch Meetings... 972 

.. 970 Engineering Societies Library. 973 

970 Engineering Societies Employment. 975 

’ ' ’ * ’ '' ’, .. 970 Membership and Applications and Transfer. 976 

inada... 970 Officers of A. I. E. E.. #9/8 

. Q71 Local Honorary Secretaries. 978 

o Telegraph . Sections and Branches..... 981 

*971 Digest of Current Industrial News. 982 



























































Current Electrical Articles Published 
by Other Societies 


titute of Radio I 




■ j 

" 











Journal of the A. I. E. E. • 

- • 

9 t 

Devoted to the advancement of the theory artd practise of glectrical engineering and the allied arts and sciences 

Vol. XLYI ' • SEPTEMBER, 1927 * ^ Number 9 


Engineering 

* Education * . 

The second report.of the Board of Investigation and 
Coordination of the Society for the Promotion of En¬ 
gineering Education, issued in June, is based upon the 
results of a general investigation “directed to a study of 
the objects of engineering education- and the fitness of 
the present-day curricula,” which has been conducted 
by the Society’during the past three and one-half 
years. It deals with the following two distinct but 
related issues: * 

“I. Engineering Educatiofl—A Unified vs. a Divided 
Process.” • . 

“II. The Question of. a Longer Engineering 

Curriculum.” 

The following paragraphs are quoted from the 
“Summary of Issues and Conclusions” and “Conclusion”. 

Part I. “A unified educational process implies a 
curriculum in which humanistic, scientific and techno¬ 
logical studies are combined into an orderly whole, con¬ 
stituting a complete and self-contained branch of higher 
education under unity of supervision. A divided process 
implies a distinct pre-engineering curriculum under 
separate auspices and an engineering curriculum set up 
on purely technical lines, a plan corresponding to the 
present educational scheme jn law, medicine and 
dentistry. # • * 

“The Board is of the opinion that tlfe engineering 
colleges in general may best fulfill their purpose by 
providing under their own auspices an educational 
program which is complete in itself and which may be ' 
entered direct from the secondary schools; that this 
type of program supplies the norm in engineering 
education; but that facilities should be afforded for 
the admission to advanced standing of students who 
desire a more extended general academic training 
before entering upon the study of engineering.” 

Part II. “The issue concerning the length of the 
curriculum grows out of the accepted principle that more 
thanfouryearsofpreparationareneeded to equip men for' 
creative leadership in the engineering profession. The 
alternative lies between a longer prescribed program, 
to be pursued in full or in part by all students, and a 
normal undergraduate program as a base with a variety 
of supplementary programs to fit different needs and 
preferences. 

“The Board is of the opinion that it is advisable to 
preserve the usual distinction between undergraduate 
and post-graduate programs and that the undergraduate 


^program should be selfrcontained and lead to a degree.; 
Opportunity should be afforded and encouragement 
•given to students of promise to‘extend their formal 
training by means appropriate to their aptitude, 
ability and choice of a career, such as the voluntary 
election of additional humanistic studies, the pursuit 
of post-graduate study in a fully qualified institution, 
or through orderly studies pursued in conjunction with 
engineering experience* Four years is regarded as 
the normal length of the undergraduate program. 
In many cases this program may be divided advan¬ 
tageously into two stages under the same supervision 
and both reasonably self-contained, in order to provide 
an intermediate goal and facilitate a selective process 
of admission to the upper years.” 

Conclusion.- “In conclusion, it seems fitting to out¬ 
line the Board’s conception of the place and function of 
the engineering colleges in the educational scheme and 
to indicate some of its ideals for their future progress. 

“It is the Board’s belief that engineering education is 
so broad in its aims and that its methods are so truly 
educative as fully to justify its established position as 
one of the major complete branches of higher education. 
The engineering college is conceived to be coordinate in 
organization and status with the college of liberal arts, 
in both undergraduate and post-graduate divisions. 
There is a clear-cut distinction, however, in theip 
purposes and their methods of work, which invests the 
engineering colleges with a professional character. 
The undergraduate engineering curriculum property 
combines humanistic, scientific and technological 
studies into a coherent and integral program which is 
sgt off from a loose grouping of scientific studies by a 
well-marked professional orientation. . The professional 
element in the curriculum becomes increasingly im¬ 
portant in the upper years of the program and domi¬ 
nates the more specialized work of the post-graduate 
years. * 

‘‘‘The Board recognizes the need to develop, broaden 
and enrich engineering education, in view of the con¬ 
stantly enlarging responsibilities of engineers in society 
and the increasing exactions of professional practise. 
It holds, however, that this development should pro¬ 
ceed from within, by enhancing the distinctive qualities 
of engineering education, rather than by adding to it 
unrelated elements from without; that the preservation 
of a unified program better lends itself to this end; 
that it is desirable to give a more generous place to 
distinctly humanistic studies in the curriculum and to 
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the number of operators required in this specific depart- 
As engineer, manager, inventor, 
ever moving forte in the 
■*‘ It would Ik,* 

catalogue his many technical 


ISfOTES AND COMMENTS 

. / ' ’ • 

h will enrich temperature/ Later on, 

Mlsplacein. a novel system for grvmg 

, the student by comparison with one 
i engineering on |j n d886j Y he determined for the 
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n brth"pSt- at the same time greatly increasing 
in both post » ofthc]amp . And when m 
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mm teaenmg metJTO — training Company, and IVir. nowe 
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ather than ^changes m the scheme of educational ^ hig experimenta l 1 

irganization. e , , 9lit , 2 with var ious phases of this investigation Edison Lamp 
r: "ASS «t theBoard, see proving upon the Thomson _ 

ov*Ja for January, tsar. The following more recent p carbon filaments and developing a 

ZZl KStf the Board of Investigation and Coordination 15 cents. hich completely TC . -.' / ] 

,*?: i ZZ % £S***J, Trends in Engineering Currr- processes C. 
ittilZi?'Sif iT" A study of the Cooperative Method of Engineering duced the S< 

nraifh* ohtatoed Wom The Lancaster Press, Ine., Price and Lemon ggQ t() ^ 

tew.uww.wi"* -_ Air. Howell has ever been an 

skwm* Leaders development of the lamp industry, 

of the A. I. E. E. difficult in fact to even < 

white Howell, Member of the Institute since achievements; his patents are numerous afiri 
is>7 Fellow 1912) and Edison Medalist for 1924, was wide field in parts, processes and the machine , 
hntn nx Yew Brunswick, New Jersey, December 22, in the evolution of the electric lamp. , t 
1857. His preliminary education was followed by a To devote fhore time to the more ‘ K ‘* 

year and a half at the College of the City of New York, tion of his engineering duties, Mr, Howell, m W* 
whence he went to Rutgers for a year's study in engi- resigned from his assistant managership. Ht m- 
neering following it by a special course at Stevens ‘vestigated and reported favorably upon the Malignam 
Institute of Technology, which he completed in 1881. methods of exhaust, afterward introduced into tn« 
Later, in 1899, he was given the honorary degree qf works at an enormous increase of production. With 
Electrical Engineer by Stevens. W. R. Burrows, he designed and patented the first 

On July 8, 1881, he joined the Edison Lamp Works at stem-making machine which was a great innovation 
Menlo Park. The lamp industry was then in its in- at jthat time and is still in use. Various filament 
fancy with no machinery an£ no established methods inventions were investigated by him and he assisted 
of procedure. In fact for several years, Mr. Edison Doctor Whitney inihe development of the mot a I fixed 
himself supervised the work personally, but gradually, filament. During 1906 much .of his time was spent in 
as Mr. Howell became more experienced, this super- Europe for the purpose of studying the Tungsten lamp 
vision was passed on to him until he was finally in and acquiring their American rights. Today he is the 
full chaise. His contributions by important inventions most distinguished pioneer in incandescent lamp field, in 
and much constructive literature have been representa- the evolution and development of which he has rendered 
tive factors in the improvement and enlargement of the inestimable service. His work of research has been of 

incandescent lamp developments. universal value, and the general public as well as the 

Two of his earliest achievements were the production entire electrical industry have derived many benefits 
of a portable voltmeter and. the Wheatstone Bridge from his labors. Mr. Howell is also a member of the 
type of potential indicator now widely used in central American Society of Mechnical Engineers, the National 
stations and electric light plants to compensate for Electric Light Association, the Association of Edison 

l. It is the expectation that the Board will deal with the Illuminating Companies, Illuminating Engineering 
form and content of the humanistic studies of the engineering Society, Franklin Institute and Past-president of tnf 
curriculum in a later section of its reports. Edison Pioneers. 


and the machinery used 






Lightning Protection for Oil Storage 1 

Reservoirs 

BY ROYAL W. SORENSEN* JAMES HUGH HAMILTON! CLAUDE D. HAYWARD 
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Synopsis.-r-This puper outlines work done in connection wijh properly installed f but they do no indicate •'absolute immunity 
planning a protection Scheme for the oil storage tank farms ojT against hits. 

the General Petroleum Corporation of California . The work The work done also shows that an extensive field program , sup- 
shows that the average annual number of storms at a given location *plemented by such laboratory work as required for understanding 
is a constant. Thg dielectric property of oil has no influence in and assisting the field program , should be carried out to extend 
causing lightning or inducing it to strike oil in storage. our knowledge of lightning phenomena and protection. 

Tests show that excellent protection can be obtained by towers * * * * * 


Introduction l^aeh year adds to the portion 

I N California, the production of great quantities of oil occupied by life and property and 
has made necessary the development of storage the'prC 
capacity for millions of barrels of oil of varying For th 
degrees of inflammability. * a ^ so °t 

Three types of storage containers have been used; tion fc 
all steel tanks, tanks with steel walls and roofs of some presenl 
other material, aad large concrete basin-like structures scientis 
commonly known as reservoirs. re 

Previous to 1926, on California oil properties, fires 
resulting from lightning were scattered as to time and £ 

place. Also, insurance rates for damage to these prop- Z 14 

erties by lightning were sufficiently reasonable to make 1 121 

such insurance more economical than the employment > 

of protective measures for oil or oil products against 2 1 

induced and direct-hit ignition by lightning. I 81 

Three major fires which occurred during April 1926, 3 

resulting in the loss of several lives and almost | 

$20,000,00(? worth of property, immediately caused a jl * 

large increase'in insurance rates and entirely changed g 

the aspect of the problem in emphasizing the fact that | 21 

insurance, can never compensate for the economic loss fj 

involved in the destruction of large quantities of oil. 5 

The average number of thunderstorm days per year ^ j 
for a given geographical location is, according to * 

Weather Bureau statistics, a constant which has not 
changed during the period , covered by their records 
(Fig. 1). 

In different parts of the United States, the number of 
such days varies from less than 5 to 95 per year. Small 
areas within the divisions represented by the reports 
may have a greater or less number of such days. 

The probability of damage by lightning in any given 
area is largely a function of the number of storms occur¬ 
ring within that area, the amount Of the area occupied ^ 
by life and property, the character of structures or 
materials included therein, and the absolute humidity— . 
which determines the percentage of lightning discharges 

that will occur as strokes to ground. °* ■ 

- tion 

*Prof. of Elec. Engg., California Institute of Teclmology. prot 

fGraduate Student, California Inst, of Tecli. 

^Graduate Student, California Inst, of Tech;. P ro I 

To be presented at the Pacific Coast Convention of the A. I. E. E., cone 
Del Monte, Calif., Sept. 18-16,1927. Mar 


- Distribution — 
According to_ 
"Mos.,Based on 
. 49-Yr. Record,- 
Weather Bureau, 
1 Los Angeles 


-Number of, Thunderstorm Days in Los Angeles 
Since 1876 


• Cumulative chart from records of the Weather Bureau. In this form a 
straight line indicates a constant thunderstorm frequency. It should be 
noted that in 1903, an alteration was made in station regulations equivalent 
to changing the official definition of a thunderstorm from “thunder with 
rain” to “thunder with or without rain.” This explains the increase in 
thunderstorms recorded since 1903. (From Marion E. Dice, “Lightning 
Hazards,” Oil Bulletin , 13,27, Jan.gJ.927.) 
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• IE °" E 0f .f^ A -* - then conhn, 

this n^pr • At I0rms tbe basis of near enough to ea*ch other to w« ^ _ _ _ 


m - jljj 

High-Voltage Laboratory staff, 
this paper, * 


__ ■ J -- - anu uieii coming 

• 6a f 1 efl ° Ugh t< ? eacb other to have their charges equal¬ 
ized by a* spark between them. The apparatus shown 

“ Vf' 2 ^as used t0 make tests relating to this pos-' 
S1 , 11 ^ v °ltage.applied .to the pan and terminal 

above it as electrodes, charges coulee detected at the 
^surface of the oil only while such foltage was applied. 
Also, during the application of voltage, the oil was 
always in circulation, thi rapidity of circulation being 
a function of the potential gradient through the oil. 


Effect of Location on Lightning . Hazard 
Given a geographical section within which certain 
ndustnal operations are to be carried on, are there spots 

. ughtSi dLZ g a? ,ch varyas t0 the probabmty of a , 

th^Wu! ° f C ? ntr i tuit ! ng causes for lightning, such as . - " v oi circulation beinj 

the breakmg of water drops in upward currents of air 1 a J unctl0n of the potential gradient through the oil 
,at the required velocity, showed that much can be ,° f , cork or other insulating material in the oi 

bo^ e w>r dUCm ! the 1 hghtning hazard P^per loca- d a rather definite circulation path from the 
tion with respect to thunderstorm paths. * str0 1 ng fieId under the rod above the pan out to the 

Lightning damage may be caused by direct stroke or f eal f r *¥ d - .Frequently particles of insulation ma- 
y ignition from secondary or induced discharges. e , m tbe , 01 1’ because of some pecularity of shape or 
T- r ? 6 . en f gy m 11 dlscharg es caused by induced charges ^ ° r ’ , Could be singledout and watched*. Many of these 

onlv hv 7 Tf’ u &es from , this mean « can result T® t0 aCt as though the y w ere in the 

only by such discharge acting as ignition systems. T?®®® of car rymg charges from the surface of the 

■ ® obvious method for guarding against such effects , t0 the paa at the bottom; that is, with a rate of 
hmfihi edUC ? t0 a mimmum the storage of highly com- entir ely apart from the rate of circulation of 

well m ! ° r - gaSeS given off by oils, and to keep ? ’ these particles would come to the oil surface, move 
1 guarded against spark discharges the oils that are 1 Untl1 th ® y touched the pan at the-bottom, and 

with lg 7 inflammable or give off gases which, » en C ? me , b e sur ^ ace again to repeat the operation, 
with am, form explosive mixtures. As a fur ther check, a charged electroscope was con- 

of S uT impossibility of producing differences 
rlnfaW t tia ^ betWeen tW0 °bJ ee ts Within a completely 

ShontT Ct V enV6l0Pe by influences ^ted 

without the envelope indicates the proper solution for 
_ problem of induced discharges. In practise 

haThZ 6 ’ S® d< y? pr0tection from ind uced effects 
b n been , 0b , tam .® d by storing readily inflammable oils 

tanks 1 7 glVe ,° ff explosive S ases to all metal 

6v thp T well screened an'd properly-designed vents or 
y e use of wire networks over wo'oden roofs. Float- 
J/r f constructi °n, Which reduced to a minimum the 
ree gas space above oil in a tank, is an aid to this form 
conservation. Tanks constructed in this way are 
“ 11 ,s therefore not practicable to use them as 

E? bOTels V «a ** 



Fig. 2 


nected to a conductor which was allowed to touch the 

Fortunately a" gimt^pereent^e^of tLZ 1 ^ ° fl ‘ In every case the electroscope was 

be reduced to a heavy residuum of low volatilitl f^ IS QU1Ck 7 dls . cbarged - Also > k was found that the 

to "hho aiirfcioo r\-P +■ tw* mi , 


storage. 

. T "—iw *^uumxi uin uti saieiy stored m 

Ivelv frf p rr d COncrete avoirs, used so exten- 
nnn.L I Ca if °? ia ’ ° r inmefeI tanks .with non-metal, 
" atl ng roofing, providing such reservoirs or tanks 
are protected from direct hits. 


to -the surface of the oil. These tests showed, as did 
sum ar earlier 2 ones, that oil cannot accumulate charges 
at points on its surface. Thus, there need be no fear 
of isolated or local charges on the surface of oil building 

irn nT* O nlrlv, /v. _n - . . ® 


Before discussing methods of vuardirm n- ^ 0t lsoIated or Iocal charges on the surface of oil bui 

be to the 


gas 


w tticu ilia, 

r. influence of the oil itself 

Collection of Charges on Oil Surfaces 

It was suspected at one time that certain oil fires of 
unaccountable origin might have been due to ignition 
rom spark s caused by independent charges accumu- 

1. For all references see Bibliography. 


Influence of Oil on Spark Discharge 

In planning protection for oil storage, one is con¬ 
fronted with the question; does oil have to be considered 
as a special problem because of characteristics which 
have influence, different from those of other sub¬ 
stances, in directing the path of a lightning discharge 
between a charged cloud and the earth, or because of 
2. Loe. cit. 





















Fig. 3-—Dielectric Effects of Oil in a Reservoir 

• (See also Fig. 4) 

A No oil ' 

B No oil 

# O Oil in reservoir 


be a more probable target for spark discharges was also 
checked by the use of the piece of apparatus shown .in 
Fig. 2. This apparatus consisted simply of a large 
shallow pan partly filled with oil. .With an electrode 
above the pan, (as showq), connected to one terminal 
of the source of direct current supply and the pan con¬ 
nected to the other many tests were made. These 
tests show that as the voltage was increased, the oil was 
agitated more and more violently until, as the voltage 
approached that required for arc-over, the oil was 
hollowed out under the upper electrode, as though blown 
away, and when the depth of oil directly under the 
electrode was sufficiently small, the arc struck through 
the oil to the pan. If the voltage was kept constant 
and the oil level in the pan raised by adding more oil, 
the depth of oil (or, in other words, the thickness of 


arc-over, as the arc cannot strike through one dielectric 
to the other as a terminal. 

As a further check upon*the inability of oil in a vessel 
to cause the discharge to take place more readily, many 
tests were made with smaller pans, dimensions of which 
were proportional to those of reservoirs. These \^ere 
placed on the floor below the electrode used to represent 
a cloud, the other terminal of the power supply being 
grounded to the floor. With oil in the pan, the dis¬ 
charges missed the pan altogether or struck the edge; 
without oil in the pan, the discharges would hit in the 
pan or at the edge indiscriminately as shown by Figs. 
3 and 4. 

Lightning Strokes 

There are three possible ways of guarding against 
direct hits; viz., to prevent the occurrence of lightning; 
dis charges between clouds and earth, to construct 


Sept. 1927 


LIGHTNING PROTECTION FOE OIL STORAGE TANKS 


any special phenomena relating to the accumulation 
of charges on the surface of a body *of oil. 

It is a known fact that when a high potential direct 
current is applied to two electrodes insulated from each 
other, a dielectric, such as glass or mica, placed near the 
positive one materially lowers the voltage required V> 
give arc-over between the two terminals. 3 At the sug-. 
gestion of E. R. Wolcott of the Union Oil Company of 
California, oil, being a dielectric, was examined fqr such 
an effect with negative results. There was found no 
evidence that spark-over voltage between two charged 
electrodes was changed by placing oil on the positive 
one. This is fortunate, for if oil in a reservoir on the 
ground could act to lower the discharge voltages, there 
would be a great hazard for the oil, whenever a negative 
cloud formed in the region of storage. 

This absence of any influence of the oil to cause it to 


insulation over the pan), was increased, and no arc from 
upper electrode to pan took place. Also, when the oil 
film was not punctured, there was no arc discharge fropi 
the upper electrode, the discharge around this electrode 
being limited to the corona discharge; that is, an arc 
does not strike from a conductor to an*insulator unless 
the potential gradient over the insulator is great enough 
Jo either puncture the insulator or carry the arc around 
it through the medium surrounding the insulator. This 
is a fact of which one sometimes loses sight in thinking 
of the action of two insulators having different di¬ 
electric constants when placed in series in an electric 1 
field. When voltage is applied to such an arrangement, 
whjje it is true that the greater stress is upon the in¬ 
sulator with the smaller dielectric constant, it is also 
true that in order to obtain an arc there must be com¬ 
plete breakdown of both dielectrics by puncture or 
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* the tanks or reservoirs in such a way as to provide 
immunity to damage from such hits, or to direct the 
bits elsewhere to conductors which will harmlessly 
carry a discharge occurring between cloud and earth 
until all energy of "the discharge is dissipated. All of 
these suggested solutions were discussed shortly after 
Franklin’s invention of the lightning rod in 1752, were 
revived and again thrashed out about 100 years later 
when Sir W. Snow Harris devised lightning conductors 
for ships of the English Navy, and more than 50 years 
since were reduced to scientific analysis by Sir Oliver 
r Lodge. 

To prevent lightning discharges between clouds and 
earth, it is necessary to provide a means of preventing the 
accumulation of sufficient charge an cloud and earth to 


tests made for several conditions involving different 
actual dimensions. ” 

In these laboratory tests, steady unidirectional fields 
were used, because, had alternating fields been used, 
the total current measured would be the resultant of an 
gnergy current in phase with the voltage and the charg¬ 
ing current leading the voltage’9(5* degrees. Lack of a 
proper wattmeter for use under such small current, 


Micro-Ammeter 
in Shielding Box 


Needles 


No Oil in Reservoir 


Fig. 5—Diagram of Tests on Dissipation of Electric 
Charge by Needle Points 


Oil in Reservoir 


Edge of Reservoir 


high-voltage conditions would make, the separation 
of these components very difficult, Thefe are also 
other difficulties with alternating fields; such as dis¬ 
torted waves having greater peak value on the positive 
half cycle than on the negative half cycle, which make 
the separation of energy current from total current 
practically impossible. With direct current, these 
complications are avoided and the conduction current 
between points and the upper plate has a steady value 
for any given voltage. ■ ■ •! 

The apparatus (Fig. 5) consisted of two parallel fiat 
metal plates, mounted horizontally and insulated from 
each other. The upper plate represented'the thunder 
cloud and by means of the kenotron*and condenser 
equipment shown in the figure, ebuld be. charged to a 
maximum potential of 100 kv. The lower, plate was 
connected to ground and represented the earth surface 
under the thunder cloud. A number of steel needles, 


Metal Plate Reservoir ^^*** 0 -----^^"^ 

Fig. 4—Dielectric Effect of Oil in a Reservoir with 
Grounded Walls 

These records show that the presence of oil in a reinforced concrete or 
metal reservoir tends to direct electrical discharges, which would otherwise 
strike into the body of the reservoir, to the edge. At the same time, the 
presence of a body of oil of the proportions of a reservoir in a thunderstorm 
field does not affect the number of discharges which fall'within that area. 
Oil does not attract or repel lightning. In the tests, discharges from the 
n surge generator were directed into a scale model of one of the 500,000-bbl. 
Wilmington reservoirs when empty and when full of oil (13 deg. residuum). 
The storm center was over the center of the reservoir at an elevation of 
1000-ft. (actually 10-in.). The. small circles show the location of hits. 

Results 


Reservoir 

Empty 


Point Struck 


Edge... 
Inside.. 
Outside, 


cause a discharge to take place between them. There 
are no known record^ of this having been accomplished 
in such a way as to make available any data on energy 
discharge from structures erected for this purpose, 
though there have been many schemes suggested 4 . 
These schemes rely for the most part upon the use of 
points attached to earth as a means of discharging the 
charges produced. Tests to determine the value of 
such a scheme should be made on actual tower and point 
installations in a district subject to many lightning 
storms. Not having available such an equipment, 
tests were made with laboratory apparatus as shown in 
Fig. 5. This apparatus was constructed to scale and 

4. Loe. eit. 


Fig. 6—Dimensions of JsFeedles used in Fig. 

(Fig. 6), projected.through holes in the groundec 
Each needle was insulated from the plate by mea 
small piece of glass tubing and all the needle 
connected together at their ends by a third, s 
flat metal plate which in turn was connected to ; 
through a micro-ammeter. The connecting le; 
carefully shielded against induced charges 
grounded metal tube which surrounded it, and the 
ammeter itself was placed inside a grounded scre< 
cage. 

For each set of readings, the upper plate was s 
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given distance above the lower ofie, the* points were and from other investigations, may be of interest in this 
raised above this plate 1/12 the distance between plates, connection. 

and the needles were separated a distance of four times # C. T. R. Wilson 5 shows that a probable charge of 
the needle height. The sphere-gap was set for a desired 50 coulombs is neutralized by a lightning flash. Sinrp- 
value and voltage was applied, slowly increasing until son 6 states the total charge to be of the order of 100 
the gap sparked over, at which time the micro-ammeter coulombs. Norinder 7 found the tim£ required for 
was read. • * building up charges preceding lightning flashes to vary 

Results of some of the tests made are shown in Fig. 7. between large limits, the short intervals being only 
Each curve demonstrates the relation between the Sbojit three or four seconds and the longer ones, several 
average voltage gradient between the plates and the minutes. Apparently a large number of them are built 
conduction current from the points. The curves give up in 10 sec. or less. Assuming for our calculations, a 
no constant relation between conduction current and time of 10 sec. allowed for the accumulation of a charge * 
gradient, but indicates so many variables as to make it of 50 coulombs, resulting in a gradient of 100 kv. per 
impossible to draw many conclusions from the data ft.,* if it is assumed that the gradient builds up at a 
at present available. uniform rate during 10 sec. of applied voltage the 

On the other hand, the curves show that the con- average current wofilcUbe approximately 2.5 micro¬ 


curve CIcrad Ht Point Ht. Point Spacing 

I + . 12 in. 1 in. 4 in. 

I “ 12 th. 1 in. 4 in. 

H + 6 in. _ 0.5 in. 2 to. 

IT - 6 in. * 0.5 in. 2 iff 

III + * 3 in. 0.25 in. 1 in. 

m - 3 in. 0.25 in. 1 in. 

Note- (+) and (-) Indicate Polarity of Cloud. 


points, each of which must be 1/12 of the cloud height. 
For clouds2400 ft. high, this requires 2,500,000 200-ft. 
towers spaced 800 ft. apart. Conceding these calcu¬ 
lations to be largely in error, there is, nevertheless, 
little indication that lightning may be prevented by 
conduction currents from points. For cases of more 
rapid charge accumulation, the number of towers required 
would be correspondingly greater. 

Tanks 

The use of tanks for oils’ which are- dangerously in- # 
flammable has been discussed in relation to induced 
discharges. These same tanks made entirely of metal 
can be made to furnish, unaided except by good grounds, 
protection to contents for direct hits. They need no 
further discussion. 

Lightning Rods 

Franklin when he gave instructions that conductors 
used for lightning rods should terminate at the upper 
extr emi ty, with one or more points, and extend down¬ 
ward until they met permanently moist earth possessed 
regular law (which permits of good powers of electric conduction showed knowledge 
ts in a curve). They also of the fundamentals of lightning rod protection far 
fluenced by the actual size beyond that of his # associates. These fundamentals 
he range available in the are, however, insufficient for the whole solution of the 
ime, but it is inconceivable problem, and must be supplemented by knowledge of 
ase of current with increase lightning phenomena developed since the time of 
ip to the scale of clouds and Franklin, such as was reported by Sir Oliver Lodge 8 
Q and added to by the engineers and physicists of today, 

(enough could be obtained, fewith all our knowledge of these phenomena, 
y of keeping the potential as side flashes back strokes, electrical inarha, 

own to a value too low for and the eff ect of location, ground conditions, etc., there 

Some calculations based 5, 6, 7. Loe. eit. 
i the tests just described, 8. Log. eit. 
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Fig. 7—Dissipation Currents of Needle Points 
Discharging an Artificial Cloud 
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to be no general rules which can be applied to all charges from a surge or lightning generator(1 
* to be protected, and these rules are sufficiently nectiops used are shown in Figs. 9a, it, v, and t). 
rehensivd' to make unnecessary a special study o( Results of the tests made for all types of diseha 
rally each location for which protection is desired, used show no absolute immunity for any area aroun 
■ oil in storage*it seems best to have the rods take rod. The tests were made on models having the sto 
rm of high.towers, placed as far from the reservoirs centers two and four ro3 heigh ts off een ter. ("onsidtl 
s far apart as practical, being at the same time ffom a statistical viewpoint, the number of hits wit hi 
•nough to each other to make almost impossible circle having one rod height as a radius and with 
tits to objects between them. Each towei; s<? center at the rod was practically nil, but t here was 
d should be grounded at its base to the water occasional hit even within this area which was r 
below the tower, to all piping around the base of taken by the rod. 

As the area under consideration is increased by eo 
sidering larger boundary circles drawn about t he rc 


*m 8—Si*KiiAi> of Discharge Current over a Concrete 

Floor 

the tower, and to the reservoirs for which protection is 

being provided. 

To avoid so far as practical, any danger from side 
ttasnes which might ignite the oil, the towers are erected 
at some distance from the reservoir they are to protect 
trood grounds directly under the towers also assist in 
reducing the possibility of side flash. Fig. 8 shows a 
current of electricity that appears to spatter all over the 
surface of a concrete floor with no special provision for 
good grounding when a condenser is discharged into 
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TABLE 41 

PROTECTION AFFORDED BY SINGLE ROD 
Summary of laboratory tests with various sources of potential when storm 
center is four times the rod height from a vertical line through the rod 
On the scale used, the rod height is 150 ft. and the average cloud height is 
2578 ft. With each source of potential 900 strokes were made with the rod 
an4 900 without the rod. One rod height = h 




D. C. 
(Pulsat¬ 
ing) 

■ A. C. 
50 Cyc. 

D. C. 
with 
Con¬ 
denser 

Surge 
Gen¬ 
erator e 

Circle with 
Radius =4 h 

Hits with rod 

Hits without rod 
Per cent protection 

227 

401 

43 

256 

386 

34 

261 

415 

37 

125 

397 

69 

Circle with 
Radius = 3 h 

Hits with rod 

Hits without rod 
Per cent protection 

74 

198 

63 

76 
168 
! 55 

67 

148 

55 

31 

183 

83 

Circle with 

R adius = 2 h 

Hits with rod 

Hits without rod 
Per cent protection 

15 

77* 

83 

* 7 

63 

89 

2 

47 

96 

3 

65 

96 

Circle with 
Radius = h 

Hits with rod 

Hits without rod 
Per cent protection 

0 

19 - 

100 

0 

19 

100 

0 

12 

100 

0 

14 

100 

No. of strokes to rod 

Per cent of 900 strokes to rod 

278 

31 

181 

20 | 

333 

36 

345 

38 


TABLE III 

• PROTECTION OF A SINGLE ROD 
Summary of laboratory .tests when the storm center is twice the rod height 
from a vertical line through the rod. On the scale used, the rod height is 
150 ft. and the average cloud height is 2578 ft. With earsh source of dis¬ 
charge used 900 strokes were made with the rod and 900 strokes without 
the rod. ^-’ ' * ’ 




D. C. 
(Pulsat¬ 
ing) 

A. C. 
50 Cyc. 

D. C. 
with 
Con¬ 
denser 

Surge 

Gen¬ 

erator 

Circle with 
Radius = 4 h 

Hits with rod 

Hits without rod 
Per cent protection 

208 
721 
- 71 

192 

662 

71 

147 

774 

81 

61 

650 

92 

Circle with 
Radius = 3 h 

Hits with rod 

Hits without rod 
Per cent protection 

129 

562 

5 77 

108 

501 

76 

134 

614 

78 

16 

495 

97 

Circle with 
Radius = 2 h 

Hits with rod 

Hits without rod 
Per cent protection 

39 

318 

88 

26 

263 

90 

45 

332 

86 

3 

264 

99 

Circle with 
Radius = h 

Hits with rod 

Hits without rod 

Per cent protection 

1 

94 

99 

0 

66 

100 

O 

81 

100 

0 ■ # ’ 
74 » 
100 

No. of strokes to rod 

Per cent of 900 strokes to rod 

584 

65 

615 

68 1 

710 

79 

675 

75 


above the earthy The preliminary work while far 
from Complete suggested as a probable safe spacing of 
protective towers such that no portion of the area to be 
protected would be more than 2]/ 2 times a tower height 
from a tower. • 

.To cheek this hypothesis, a modal of one of the im¬ 
portant storage farms to be protected was made to the 
scale of one inch equals 100 ft. 

In raking the protection plan, the model was tested 
first with towers only, the towers.being adjusted as to 
location and height until it was practically impossible! 
to make any discharges hit the miniature reservoirs. 
It was considered unnecessary to make it impossible 
to get a discharge to structures representing steel tanks : 
After the reservoirs were thus fully protected, some 
connecting cables were added at the 150 ft. level and 
another group of tests was made to test their effect. 
As a further precaution, tsach cable has, at the middle 
point of the spare betwdfen towers, a vertical cable 
extending downward from the aerial cab^e to the ground 

Each tower at its base, is grounded by means of a well I 
drilled to permanent water and is also tied in to the 
water pipe system which'is installed in such a way as- 
to form a complete loop around each reservoir. The 
reinforcing steel of each reservoir is also connected 
to this grounding system. 

In conclusion, it may be said that the authors feel 
that very good protection has been provided for the oil 
reservoir farms of California. * It is urged, however, 
that more knowledge of lightning phenomena be gained 
as rapidly as possible. As a step in this direction many 
towers which have been erected are being equipped 
with fusible tips and klydonograph attachments to 
make it possible to get records of hits to towers. 



will do, combinations of rods using 2, 3, "4 and 6 rods set 
on the circumference * of circles were tried. Many 
tests were made with the rods grounded and connected 
to one side of the circuit, and an -electrode above the 
center of the circle, on the circumference of which the 
rods were located. The rods took a large share of the 
fots, but it was entirely possible to make a portion of 
them strike the area within the circle when that circle 
had a radius of 4 rod heights. For smaller circles the 
number of hits inside was less. Also the protection 
factor increased with increase in sparking distance, or 
height of point above the plane of the rods. 

Data about cloud height showed thunder clouds for 
Southern California to have a height of 2000 to 6000 ft. 


Fig. 11— Equipotential Line around a Conducting Rod 
under a Cloud 

. plot l was obtained by the formula of H. V. Ingersoll. The potential 
e’.u ° n ^ 11116 is 5 - The Potential of the cloud is 100 and the I 
potententaal of the earth is 0. The height of the cloud above ground is 0.69 

ESSEES'S?'* the plot the vertical scale is 2 K times 


• Appendix 

Inasmuch as grounded conducting towers do act as 
lightning rods, it would be natural to expect that 
some law of influence of a rod in space upon the electric 
e d about that rod may be found. A search of litera¬ 
ture for results of such studies and a series of tests to 
. e f er *nine the effect of conducting rods upon an ad¬ 
jacent electric field were planned. The tests have not 
been comp leted and results which can be considered 
10. Loe. cit. 
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V (y 2 - a; 2 - h 2 ) + V [ - (y 2 - a: 2 - d 2 )] 2 '+ 4 x 2 y 2 
The first of these equations was developed at the 


vertical potential gradient at point (x, y) 


If the vertical potential gradient is constant over the 

, , „ art v 2 -v i 

whole area then —;-:— 


Rod HeigtObove Ground=2,7 in.=15(fft. 
Cloud Height Above Ground = 18 in.* 1000 ft. 
Cloud Height ^bove Rod = 15.3 in.=850 ft. 


where 

= potential of cloud 
Vi = potential of ground 
l = distance between cloud and ground, 
The ecpiation now is 


One Rod, Point Cloud Two Rod Heights 
Outside Rod 


V (y 2 ~ x 2 - h 2 ) + V[~ (y 2 -x 2 - h 2 )] 2 +4 x 2 y 2 
With $i and Vi taken as zero and Dr. Lees’ equation 


Rod Height Above Grgjnd = 1.25 in.=150 ft. 
Cloud Height Above Ground = 12.5 in. =1500 ft. 
Cloud Height Above Rod = 11.25 in.= 1350 ft. 


Phones 


Two Rods, Spaced Eight Rod Heights Apart 
Point Cfoud Midway Between Rods, 


Fig. 15—Diagram of Tests to Determine Equipotential 
Lines with Various Rod Arrangements 


Ground 


Ground 


multiplied by ir to get both equations in the same 
system of units the equations are identical. 

Fig. 11 shows a curve plotted by use of these 
equations. 

Figs. 12,13, and 14 show charts obtained by me^ns of 
a salt tray with oner, two, and three rods respectively. 

The salt tray used was 21 in. by 25 in. in size.* 

The bottom was a true plane kept level and then 
covered to a depth of in- with tap water. 

Fig. 15 shows the arrangement used in making th<? 
tests. ’ 

An attempt was made to get from men with several 
years of experience at industrial plants, such as smelters 
with high stacks, located in places subject to con- 


Three Rods, Spaced Four Rod Heights Between 
Rods, Point Cloud directly'over Outside Rod 


Ground 
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SATOH: ELECTRIC OSCILLATIONS 


the shape of th^ electrodes and the proximity of solid dmlccfrica 
to .the ejectrodes. Effect explained by distortion of «4c«*fro- 
static field. . 

Decrease of Sparking 1 Voltage when a Piece of Miea, Sulfur, 
Glass, Ebonite, etc., is Placed near the Positive KieHmdr, Dr. 
Dawson, Proc. Roy. S'oc., Edyi., VoL 29, p. 414, 1900. 

Spark-gap Phenomena, J. Ale Whan, Electrician, Lrmdon, 

VoL 65, p. 249, 1910. Within certain limits for the dimensions 
of a dielectric, sparking may often be induced by placing if near 
* or against the positive pole. Qpposife effect at negative pah. 

Effects of Dielectrics on the Sparking Voltage, K. tt,Wolmlt 
Phys. Rev., N. S. Vol. 12, p. 284, 1918. Spark length Iiirtvtwed ! 
by presence of solid dielectrics near positive pole. ’Author 
concluded that dielectric must be able to retain a rdinrge in tirdtr 
to show the effect. When made conducting, m by it Him of J 

moisture, the effect was lost. Also essential that ntirfm*# of I 

dielectric be discontinuous, having an edge or a holt*. Explain* j 
effect by ionization of air between electrodes due to prelaw ti 
dielectric. * | 

4. Lit. Digest, Oct. 27, 1917. 1 

5. C. T. R. Wilson, Proc. Roy . Soc., London* A Vol it 

pp. 555-574, 1916. # ‘ 

6. C. C. Simpson, Proc. /%. Soc., Londcm, A VciL ill ! 
pp. 56-67, May, 1926. 

7 y H. Norinder, Elect. World, Feb. 2, 102€ H. Norittdw - 
Tekniska Tidskrift Electrotechnic,X)at. 6, 1923? 

8. Sir Oliver Lodge, Lightning Conductors and Litfbiutfti 

Guards, 1892. 1 

9. F. W. Peek, A. I. E. E. Transactions, Volm 24^18,42,4:1. j 
10. Marion E. Dice, Engineering N mm-Record. JTwlv 7 itwV ; 


w The reports are somewhat in disagreement and do not 
furnish material from which positive conclusions may 
tit drawn, but there are a number of cases of reports*- 
backed by competent and careful observations which 
state that lightning f often hits close to high stacks 
properly equipped with good lightning rods, without 
striking the rod. 


1. Lenard Metered, Zeitschen, Vol. 21, 249, 1904, G. C. 
Simpson Phil Mag. (6) Vol. 30, 1, 1915. Phil . Trans, Roy. Soc., 
ml Vol. 20$, pp. 370-413, 1909. Proc. Roy . Soc., A Vol. 82, pp. 
WiM.72, 1900. Proc. Roy. Soc., A Vol. S3, pp. 394-404, 1910. 

2. Marios E. Dice and Hallen N. Marsh, Investigations of 
.Static and Atmospheric Electricity, 1925; (unpublished doc um ent 
wf the General Petroleum Corp.) 

& Bjisirk Length of an Electrical Influence Machine, as 
Mstifled by a Small Spark from the Negative Side, W. J. 
fitiiBptoys, Phys. Rev., Vol. 10, pp. 311-16, 1900. Mentions 
ejfetiaf solid dielectrics in anticipation of: 

Spark Length as Modified by Solid Dielectrics, W. J. Hum- 
plireyi, Phys. Rev. , Vol. 11, pp. 79-83,1900. Spark length increased 

much as 50 per cent when glass (rods, tubes, or .fibers), sealing 
mm, ebonite, sulfur,. rubber tubes, wood, or silk threads were 
placed near the positive terminal. No effect’near negative. 

CMftioiiB which Influence the Sparking Potential Values 
f ■‘ A ’ Ek#ni * **** JL June 1904. Sparking potential 

for * given gap and pressure is variable quantity depending on 
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is a wave between conductors and the second is a wave 
between the group of conductors one side and the 
ground as the other. The same theory applies to both 
aerial lines and underground cables. 

If another .three-phase circuit of the same electrical 
characteristics is closely coupled to the former circuit, 
as in the case of ordinary double-circuit, three-phase 
power lines, and if we assume that each conductor of 
one circuit is in the same position with respect to the 
conductors of the other circuit, then the oscillations 
therein are the superposition of three kinds of traveling 
waves, as follows: (The above assumption is not 
satisfied unless a special method of transposition is used, 
however, according to the numerical calculations for the 
actual lines, the assumed conditions are practically 
realized.) • 

1. The wave whose sums in voltages to ground and 
currents of the three conductprs of each circuit are zero. 

2. The wave whose voltages to ground and currents 
are equal for '%ll of the six conductors. 

3. The waVe whose voltages to ground and currents 
are equal fgr tfie three conductors of one circuit and 
equal but opposite in sign for the three conductors of the 
other circuit. 

Each of the above three kinds consists of two com¬ 
ponent waves traveling in opposite directions, and each 
current wave is accompanied by the corresponding 
voltage wave in the ratio of surge impedance; that is, 
each kind acts by itself as does the ordinary wave in 
the case of a single conductor. 

The three kinds of waves maybe stated as follows: 

1. The first kind consists of two waves; 

a. The wave between conductors of the first 

circuit, ’ # # • 

b. -The wave between conductors of the second 
circuit, 

2. The second is the wave between the group of six 
conductors as one side and the ground as the other side.. 

3. The third is the wave between the group of three 
conductors of one circuit as one side and the group of 
three conductors of. the other circuit as the other side. 
The three kinds are illustrated as in Fig. 1. 

Thus we see that a wave can never exist on one con¬ 
ductor only, but it is always accompanied by its com¬ 
panion waves on the other conductors. The surge 
impedances and the propagation velocities of these 
waves can.be expressecTas follows: 

For the first kind, 


Z 1 = V(L—Li)/(X- Ai), 

(1) 

»i = 1/V (L- Li) (K-Ki), 

For the second kind, 

Cla) 

Z 2 = V (L + 2 Li + 3 U)/(K + 2 K, + 3 K 2 ), 

(2) 

»2 = 1/V (L + 2L, + 3 L 2 ) (K + 2 K x + 3 K t ) 
For the third kind, 

(2a) 

Z 2 = V (L + 2 L x — 3 L»)/(Jfc + 2 Kx - 3 K 2 ), 

(3) 

v 2 = 1/V (L + 2 Li — 3 L % ) (K + 2 K x — 3 K 2 ) 

(3a) 


in which 

L — Self inductance per unit length of a conductor 
, with ground return, * 

Li = Mutual inductance per unit length between con¬ 
ductors of the same circuit with ground return. 
L -2 = Mutual inductance per unit, length between 
conductors of the d ifferent circuits, 

K = Coefficient of capacity per unit length of a 

• conductor, 

K i = Coefficient of static induction per unit length 
between conductors of the same circuit, 

K 2 = Coefficient of static induction per unit length, 
between conductors of the different circuits. 

* As is clear from the above expressions, the surge 
iiflpedanees and the propagation velocities of the three 
kinds of waves are different. If the conductivity of 
the earth is assumed to be infinity, the three velocities 
become equal to that.of light. 

The relative magnitudes of the three waves entering 
into the oscillation are determined by the initial 
conditions. For example, if equal charges are thrown 



First Kind Second Kind Thirtl Kind 
Fig. 1—Illustration of Three Kinds of Waves 


on the conductors, as might be the case in a lightning 
stroke, only the second wave comes in. In three-phase 
switching operations there will exist only the first wave. 

- Reflections and Refractions 

If the waves meet an irregularity, the reflections and 
refractions occur as in the case of a single conductor. 
If the irregularity is thg same for the six conductors, 
each kind of wave independently obeys the same laws, 
of reflection and refract'on as jn the single conductor. 
If, however, the irregularity is different in the various 
conductors, interference and splitting-up occurs among 
the different kinds of waves; i. e. x although the?ncoming 
wave is one kind, the reflected and refracted waves 
consist, in general, of three kinds. If the irregularity 
is the same for the conductors of the same circuit, the 
first wave acts separately from the other waves, being 
reflected without splitting-up, while there is splitting- 
up between the second and the third waves. For 
example, if the ends of the six conductors are grounded 
equally through the resistance R, then all waves obey 
the law, G = - F (R— Z)/(R + Z), in which F and G 
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„are the incoming and reflecting current waves of one obtained for the wave in the case of a single conduci 
kind and Z is the surge impedance corresponding to can be applied to the individual wave. For examp 
that kind. From the above formula, we see that when„ each wave has its own attenuation constant and 
the six conductors are equally grounded with the wave front gradually flattens out just as if the otl 
resistance equal to the surge impedance of a certain waves were absent, 
kind of wave, the reflection is zero when the incoming 
wave is of that kind, but this is not the case for the 
incidence of the other waves. 

When the line having the surge impedances Z y , Z 3 , ' 
for the three kinds Of waves is connected to another 
double-circuit, three-phase line of surge impedances 
Zi, Zi, Zi', then 

G = F(Z- Z')/(Z + Z') 

H = F . 2 Z/(Z + Z') 

for each kind of waves, in which H is the refracted cur¬ 
rent wave, that is, H is the current wave that travels 
on past or through the irregularity. 

“When the conductors of the saftie phase of two cir¬ 
cuits are tied together at the end of the line, as in the 
case of a paralleling bus, this end acts as an insulated 
end for the second wave and as a grounded end for the 
third wave, while for the first wave, there occurs no 
reflection;-that is, the incoming wave on the first circuit 
passes through the tie bus and returns on the second 
circuit and vice versa. 

Some of the Effects of Induced Transients 

From the above results we see that any oscillation 
in one conductor is always accompanied by correspond¬ 
ing oscillations in the other conductors. If, in the 
case of a single conductor, the conductor is grounded or 
broken on the way of the wave, the wave undergoes 
total reflection and cannot - pass through the faulty 
point. In the case of three-phase lines, however, due 
to the inductive effects of the sound conductors, the 
waves do pass through such faulty points. Sound 
conductors must also stand the high voltage of waves 
due to induced transients from the nearby faulty con¬ 
ductor. The sound circuit must sometimes stand al¬ 
most as much voltage as the faulty one. Waves start-* 
ing on a single-circuit line will induce large transients 
in a sound circuit that may parallel the faulty circuit, 
even though the place of fault is some distance away 
from the point where the two circuits come together. 

This will be important because low-voltage lines often 
parallel high-voltage lines. 

Since the sums of currents and voltages of the first and 
the third waves in six conductors are. zero, they do not 
give inductive disturbances in adjacent lines. Induc¬ 
tive disturbances are caused only by the second kind of 
wave. The induced voltage resulting from the second 

kind of wave is obtained by multiplying by six the . _ 

voltage induced by the individual conductor. ' ^his figure, as well as in those that f< 

different kinds of waves are distinguished bj 
Effect of Losses shadings so far as the clearness of the figur 

Due to the energy losses in the circuits, the waves As seen in Fig. 2, two kinds of waves are pro< 
gradually die out. In this case also each wave'acts the voltage wave of 1500 volts on No. 1 
independently of the other waves and the whole theory accompanied by the corresponding induced 


e Examples ,* 

Applying the theory outlined above to several cas 
one obtains the following*results: In these example 
the following values of surge impedances were assume 
Zi = 400 ohms, for the first wave, £ 2 = 1000 ohms, f 
the second wave, Z% = 500 ohms, for the third wa^ 
(These are typical values obtained for existing hig 
voltage lines.) When there is only one three-pha 
circuit having the same construction as one of ti 
above double-circuit lines, Z x is the same as for tl 


Resultant Wave 


MUD Second Wave Third Wave, 

Fig. 2—Voltage Waves of Ex. 1 










d 


wm 


■■ 


SATOH: ELECTRIC OSCILLATIONS 


No. 2. When these waves reach the right end, they are 4- When the two circuits are tied together at one end, 
reflected. If this end of No. 2 circuit were insulated, phases a and charged to 100 kv., and phases b and 

or if No. 2 were absent, the maximum voltage in No. 1 • b\, c and Ci to —50 kv., then the oilier end of phase a 

would be twice the source voltage, but, affected by the is suddenly grounded, as the result of an insuldtor 

grounding of the right end of tjie former, the maximum failure. (The state of oscillation is shown in 

voltage in the latter is 1.8 times. The voltage of 0.85 Fig. 5.) 

times the source voltage is induced in No. 2 circuit. , An oscillation of this type could arise, if, in the 
2. When the wave comes from a single circuit. (See , double-circuit lines charged by a three-phase alternator 
Fig. 8.) * through transformers, the distant end of a conductor is 

Fig. 3 shows how the voltage waves split up and give a 

disturbance in a parallel circuit when waves of 100 kv. - WmZ —\ - - 

between conductors and ground (second kind of wave), £ • 

come equally on three conductors of a single circuit. . _ 

This case might arise from a lightning stroke on No. 1 % ^ — jg|gjT b! 

circuit producing voltage waves that travel to a point ” - j,_ 1 _ c * 

where No. 1 parallels with No. 2. If the latter is the 10 °: ||||fj|| * 

low-voltage circuit, the induced voltage may be suf- # -T- f - - t ["- ^ -- 

ficient to cause a flash ovef even though the trouble mmmm * III 

originated mJSIo. 1. ■ t*o . Illlllilillill _ tl si % _|_ 


a lf bj, c j 

First Wave 


grounded at the instant when the voltage of this phase 
is maximum. The first few oscillations are represented 
approximately in Fig. 5 provided the length of the line 
Is not large. This is because the impedances of the 
transformers are large for the high-frequency oscilla¬ 
tion so that the phases may be considered approximately 
insulated from one another for a short time interval. 
As seen from Fig. 5, the voltage of 1.8 times the initial 
value is induced in phases b, X, bi and Ci due to the 
sudden ground of phase a. 

Conclusions » 

1. The oscillation in the double-circuit, three-phase 

transmission line in general consists of three kinds of 
waves. * 

2. As the result of the existence of three kinds of 
waves, there are three kinds of surge impedances. 

3. In a single conductor, reflecting waves can be 
made zero by grounding the end with a resistance equal 
to the surge impedance of the line. However, when 
there are three kinds of surge impedances, even if the 


lllliijllll Secoiyl Wave of & Single Circuit, 
Fig. 3 —Voltage Waves of Ex. 2 


S . When one of the conductors is broken and grounded on 
the way of waves . 

The state of reflections and refractions of voltage 
waves when the incoming wave is of the second kind of 
100 kv., is shown in Fig. 4. As shown in Fig. 4, a 
considerable voltage wave passes the point at which 
.the conductor is broken and grounded due to the induc¬ 
tive effect of the other conductors, and the fault in one 
of the conductors causes reflections on all of them. 
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sometimes be zero, or 

irregularity of the line,' 
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position with respect to one another and 
. ■’ ^transposition of each circuit is coi 

6 ’ The conductors in one circuit are 
position with respect to the conductors 

* 

All the energy losses shall be neglected 
fl = electric charge per unit length of a co 

= Sutt^ interUnkage PCr ^ 

f I voltage t0 ground of a conductor 
current of a conductor, 
t = time, 

* = f Stan< \ e aIong conductor, (take pc 
tions of x and 7 the same.) ' 

conductors of one circuit b 
OK Of the other circuit tjy „„ 6„ Th, 


.six conductors are equally gr 
resistance, the reflection may 
sometimes otherwise. 

4. _ When the waves meet an 
one kind of wave splits up into threi kinds 

5. In a single conductor, if the conductor 

occts and^the 6 ^ ° f Wlhlg waves > tofc 
S r yeS , Caimot propagate b 

effects of t i ree ' phase lines > due t0 th, 

bevonrl +h tk - °! h6r Wires > the waves do 

P ° mt at which the conductor i £ 


and exactly similar equations 
conductors 6, c , a h b lt Cl . 

We have further, 

9 ° = iT E a + K x E b + g 1 E c . 


are obtained for 


Eig. 5 t-Volt age Waves or Ex. 4 

telephor 

ttescc*dIdnd of^™S“ ^ only b 

The writer wkW + d f be easiI y calculated, 
rendered ^by Dr F E ° ^knowledge the assistanc 

whenlthis paper was piepwed^ °' 

* Appendix I 

D ~ op Ew s 0 r ^ meth ° d ° f 

The following assumptions are made: 
cally the same. aCteristics of the two circuits are electri- 
2 - The conductors in each circuit are in the same 


—uu^tuib, U, C, a lf o 1} Cl. 

tW? b 7 e eqUati ° ns are fundamental 
the electric oscillations in thedouble-circuii 
transmission line, and since they are tweb 
ous partial differential equations of thTfir 

of the first degree having the twelve unkn 
ties, I a , I h , Ic> IaU r t » ™ i ™ 
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coefficient Of potential per unit length 
conductor, 

coefficient of potential per unit length he 
conductors of the same circuit, 
coefficient of potential per unit length he 
conductors of the different 
ie. have, from the ordinary elect rust at tea, 

P . q a +Pi ■ <t»+ P ' * '/ + P " u l" 1 'l 1 ' ’ 9- i'h" 
p,. g a +P . qh+P I • '/ 1 /Vt/u t '/M +?o>* ; 


f! - (1/6) (2 J-J -Jc) + (1/6 £i) (2 
(?„ = (1/6) (2 Ja-Jb-Jc) - (1/6 Zx) (2 Va-^ r » 
and all other functions F and G can be obtained in 
similar forms. If we put 2 - »t instead of x m all the 
F functions and x + vt instead of x m all the G functions 
and combine them according to (21), • • • • 
we*get the equations of oscillation. 

* Appendix II 

Calculation op Line Constants 
""Assuming that the earth is a perfect conductor, the 
current in the earth is confined t'o its surface and the 


where 

P = 2 . log . (2 H/r) ) 
Pi = 2. log. (Xi/X) ; 
P 2 = 2. log. (Xi’/X') 
Equations (26) can be r 

q a = K . E n + K\ Eh ■ 
+ Kt(E n 
q b -Ki.E. + K.E> 
+ Ki(E a 


X 9 x 10 U tlianif {itrrm* \ 
X 9 X 10** tlaraf p&rcitt* j 
i X 9 X I0 H tlaraf p@rco)» i 
^arranged an follow**: 


(see (5a) of Appendix I), 
in which 

(P + 2P.) (P 4 P.) r,P ‘ 

K ~ (P-p'tjlP +2 P, +3 h) (P+*i i• 

(P + 2 P,)P, - 3 /V 

Zl = “ (P-P,) (/' |2/'. *P . /»4 2 P,-3 P 


_ (P+2 Pi+3 P,) (P+2 P, • 8 P,)’ 

which are tlyg required coefficients of capacity m* 
induction. It is also seen that, * />i;i 

K - Ki~ 1 /(P-P,), ... i3t ; 

£ + 2Zx + 3IT. - l/(P+2 P, +3 P,),... 33 

F + 2Zi-3/f !! » i/(p+ 2 Pi 3 Pp.... m ;; 
From these results, the surge impiihmees and prt>ptf» 
tion velocities can be calculate! 1.' In this rase, ifv 
neglect the effect of magnetic flux inside the conductor 
(if* we drop 1/2 in the expression of //, we 0j-\ 
P/L — Pi/Li * P 3 L't <■ J) X 10**, no that r s * 

= v» = 3 x 10 10 cnwperser. 

m ' ;V jej aB 

Appendix III 

Calculation of Ex, 1. 

From the symmetry of the line, we .tha> thefts 
kind of wave is zero, and all <! wax *• arc zero .'irs’c, a •• 
first, only outgoing waves an* present. Put 
voltage of the source, E. /•; /*,’ E, E £ 

" #1* “ J* - /. /, / /,, - I„ * fs# 

then, E = Zt F t 4 F.„ IF Z F X F , / - P 

+ Pa, Ii »F S - F 3 , i see *21 , 22 , 2U-, -22*> aad#.|j 
k = 0, E=E 0 , I j =• 0, whence, /*’ /’ vf * Z. 

and thus the outgoing wavi*an. *.in.«t ; j 


Fig. 6—Dimensions of Lines 


principle of electric image holds. Let the configuration 
of the lines be as in Fig. 6. 

(In Fig. 6, r 

H - ( 1 / 2 ). 4/AAlBBlCCl 

._ x = </abTbcTca~. 

Xi = ^ABlBClCAl 

x ' = </TaW7WW(bW7aF^W7cT'. 

- Y >’= ^CA Px)*- (5Pj) s . (PDO 2 .AZ),. SPTcfT. 
r = radius of conductor.) 

Then we get, 

L = ((12) + 2. log. (2 H/r) ) x 10~ 9 

’ . , henry per cm. (23) 

i. - 2. og. (X,/X) x 10- henry per cm. (24) 

U - 2 . log. (X.'/XO X 10- henry per cm. (25) 
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When these waves reach the rigKt end, the reflection 
occurs. Let G 2 and G 3 be reflected waves. .Then 
E = Z 2 (F 2 - G 2 ) + Z 3 (F z - Gt), 

E 1 = Z 2 (F2 - G a ) -Zz (Ft - Gt), 
I = (Ft + G 2 ) + (Ft + Gt), • 

11 *= (F 2 + G 2 ) — (Ft + Gt), • 
and at the right end 

E l = 0, /•= 0 , 

from which, 

G 2 ~ F2 (Z 2 — Zt)/(Z2 + Zz) •— Ft • 2 Z 3 / (Z2 Z 3 ), 

Gt = — F2 .2 Z 2 /(Z 2 + Zz) ~~ Ft. (Z 2 — Zz) j(Z 2 + Zt). 

When the G waves reach the left end, they are reflected. 
The left end of No. 1 acts as a grounded end, hence the 
reflection is the same as at the right end except No. 1 
and No. 2 are interchanged. The oscillation at any 
instant can be found by superposing all these outgoing 
and reflected waves. • 


that the three unequal currents in the other line are composed 
of similar components. We*can how take the average of the 
three equal currents of one line plus the three equal currents Of 
the other line. Let this value be called I. This value must be 
greater than the average value of one line by a certain amount, 
and less than the average value of the other line by the same 
amount which we shall call IK Then the value of the three equal 
components in one line is I + I 1 and the value of the three equal 
components in the other line is I — I 1 . Thus we have reduced 
the six unequal wave currents in the six wires to the following 
components. In the three wires of each line there are three 
unequal components whose sum is zero.* In the six wires there 
are six equal components called I flowing in the same direction. 
In the three wires of one line there are three equal components 
called I 1 flowing jn one direction; and in the three wires of the 
oth$r line there are three equal components — 1 1 flowing in the 
opposite direction to I 1 in the first line. A further simplification 
is obtained by considering the three unequal currents of each line 
whose sum is zero as equivalent to two equal and opposite 
currents. For example, if we wish to consider the surge impe¬ 
dance Z i of the wire in which I x is flowing, we can consider the 
two currents 1 2 and I 3 as Equivalent to a current — h flowing 
in the opposite direction to lx- 

Then in considering the various components we have only 
equal currents to consider. When considering equal currents 
there is only one value of surge impedance to calculate. Thus we 
have reduced the problem to three sets of components and three 
surge impedances to be determined. 

Before discussing these components further, it is well to state 
briefly the known relationships in the ease of a single wire. In 
that case, if th^ wave potential at a given point is known, the 
wave current is found by dividing the potential by Z i the surge 
impedance. Z is calculated from the formula 


* Discussion 

H.. G. Brinton: *The paper Sy Mr. Satoh is rather mathe- 
matical and has been somewhat difficult to understand. It is 
based on a previous paper presented in Japan by Dr. Bekku, 
and perhaps Mr. Satoh assumes that the reader will look up the 
previous paper and so gives very little explanation himself. 
The writer has found it possible to understand the paper by first 
making an analysis from a physical standpoint and then checking 
Mr. Satoh’s equations. As we have no other literature on this 
phase of the subject it appears desirable to give here a discussion 
of waves on several parallel wires. 

The ease to be discussed is that of two parallel three-phase 
lines. The three wave currents in the three wires of one line are 
l a , lb and Z c -® The three wave currents in the three wires of the 
other line are 7a 1 , 7& 1 and I c l . The corresponding potentials 
of wires to earth are E a , etc. Thus o we have in genera^six travel¬ 
ing waves of different potential and current on six parallel wires. 
If we have only one wave on an isolated wire we ^ould calculate 
the current and energy from the values of voltage and surge 
impedance, and we would calculate the changes in voltage due to 
reflection, etc. at points where the circuit constants changed. In 
the case of several waves on several adjacent wires, the problem 
is complicated by the magnetic and electrostatic interactions 
between the various waves. If we have six waves of different 
potential to consider, then there are six different surge impe¬ 
dances, or ratios of potential to current, to determine; and the 
surge impedance for each wave is affected by each of the different 
currents in the five other wires. Thus we have quite a com¬ 
plicated set of interactions; and it *is necessary to find a method 
evaluating^ them. # 

We shall first explain how it is possible to consider these six 
currents as the resultants of certain -components and thus 
simplify the problem because of the simpler relations between 
■these theoretical components. Consider* first the three wave 
currents 7 a ,,etc., in the three wires of one three-phase line. If we 
.-add these currents, taking account of direction, and then divide 
"by three, we shall have the average value of current in these 
-three wires. The actual current in each wire differs from the 
average. We shall call these-differences I u I 2 and Z 3 . We 
Iknow that the sum of these differences from the average value 
must be zero, because otherwise there would be an average 
difference from an average value which is impossible. Thus we 
^see that the three unequal actual currents are composed of three 
equal components each having the average value and three 
Unequal components whose sum is zero. In the same way we see 


velocity of light 


C is the capacitance to earth of a unit length of the wire and is 
twice the capacitance from the wire to its image. 

If there is another wave of equal voltage and current on a 
second wire; then the capacitance of the first wire to earth is 
reduced or increased by the presence of the charge on the second 
►wire, being reduced by a charge of the same sign and increased 
by a charge of the opposite sign. The capacitance will then be 
instead of C per unit length. The inductance of the first 
wire is also affected by the current in the.second wire, but if 
the waves travel with the velocity of light the product of capaci¬ 
tance‘and inductance remains constant and it is only necessary 
to calculate the capacitance as in the simple case of one wire. 
In the ease of two wires the capacitance is then Oi C and the 

1 • 

inductance is ——— and the surge impedance is 


a C v 

This is the formula for surge impedance in the case of 
ponent current h and its opposite — h in the first 
also in the case of 1 d and — Id in the second line. If w 
as Mr. Satoh does, that the two equal but opposite ei 
one line would have zero resultant affect on the other : 
this formula for Z\ holds true when these partieula 
components are flowing in the two lines at the same tii 
voltage components corresponding to these current co] 
are 

Ei = 7i Zi ■ E i 1 “ Id Zi 
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th»m If only value of surge impedance for these components 
I*vau«* the thn* wires of each line are assumed to be under tie 
4»i#' influent. These assumptions do not correspond exactly to 
a,in- muMtmm existiry? in practise, but they are satisfactory 
for the purpose of aiding us to obtain a fair general conception 
-f iht wave r* fotiSniahips. 

We may next e&mider the current and voltage components in 
ihv mm of the six equal components in the same direction in the 
wires. In tills case the capacitance of each wire to ea^th ft 
mlyci-il. If we Mime, as Mr. Satoh does, that each wave is 

equally atottecl by the other five, then the capacitance of each 
wire i« reduced by the same factor -which we may designate as B. 
Thei* m the same way as above we see that the surge impedance of 

meh wire is 


. # • * , 

Since in the ease of unit given charge the voltage m mvo 

proportional to the Capacity we can say that the capacity of 
wire is increased by the factor 


v 

Em 


• 

TheJPactor B is determined in the same way, remem her Inn t 
the charges are all of the same sign in, this case and that f it 
are six charges to be considered. Mr. Satoh uses an ftvefiigit 
value for the distance of the three wires of one circuit to out* %vlr# 
of the other circuit. Calling this distance rd and the distant f«:t 
its image r 2 l we see that the factor is 


wire 


t 


E - Zi I 

Tin* third set of components to bf considered are those eon- 
»f threv equal currents /' in one direction in the three 
' " ' and three equal currents - /»in the opposite 

• • u: *J>* other circuit. In this case the capacitance to 
* «rtfc of one wire is 7 C instead of C. Assuming each of the six 
, • , : T th » *wne influences, this value C applies to each 

wirr. The .corresponding value of surge impedance is 

1 

Z> = —-— . 

ycv 


■ + 2 log —— + 3 log 


The factor Tis calculated ,in the same way. Yemeni Iw’ring t liat 
in this ease the three charges of one circuit afro opposite in Rigti 
to those of the other circuit, wc^see that *• 


la 111 # atw# we have started with six waves of given current 
■ «: van start with six waves of given voltage and 

: the wave currents after determining the surge im- 

f ' h,r ^Minple. we would first find the average value E 

; The differences E, 

- ' {f n * determined, knowing the total voltages 

*. , , Aft « determining the various surge impedances 

, f ■?. aml 2 ■’ ‘. components could be caleulated^nd the 
• 'r. nt m'any wire would then be* the <t„m 

r • fa,. en * tbe sum of tie «>m- 

i order to determine the various snr^e .. . 

I * ■ * *saurv to *1. _ ».. “ ? " m P e( «jices, it is 


+ 2 log ■ 


. - ■ - -UV r andThef^aXn^K’ ** * 

1 ’ - r ?•? that the Twhich depend 

t*--s ■ 11. L tances are aff ceted by the 


tz ‘.tTwith^^ ^ 

. v:.-: 

* ° !i '- ®ake it have the potential. 


4.6 log - 


yd " is its radius . The 


Mr. Satoh does not use the above factors because he adds to or 
subtracts something from C to take account of t he effect «,f tit* 
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Equipment for-220-Kv. Systems 

* BY J. P. JOLLYMAN 1 

• Member, A* I. E. E. 


Synopsis* —This paper discusses the characteristics of equipment 
which have been found most suitable foi use on 220-kv. systems or 
on extensive lower voltage systems. Consideration is given to 
general system design , «governors of prime movers , generators , 
excitation the systems , transformers, high-voltage oil circuit* 


E XPERIENCE gained from the operation of a pioneer 
project confirms the wisdom of the original choice 
of equipment or shows where improvements can 
be made. This paper will discuss briefly the character¬ 
istics of equipment found most suitable for a 220-kv. 
system in the ligjit of four years of operation. While 
the statements apply particularly to 220-kv. 60-cycle 
systems with long lines, they also apply to lower voltage 
systems if due allowance is njade for the differences in 
magnitude. • 

The ' 220-kv.® transmission systems are required 
for three principal purposes: (1) for long distances 
and considerable power; (2) for short distances with 
large amounts of power; and (3) as a part of an 
ultimate network. The requirements of equipment for 
the three types of systems are essentially the same. 
The systems having long transmission lines are the 
most difficult to operate on account of the very large 
charging kv-a.’s that must be supplied. The system 
with large power but with short transmission is less 
difficult to operate but imposes very severe duty on the 

oil circuit breakers. 

• ' ... 

General System Design 
When planning a« transmission system fof 220-kv. 
operation, ^the entire system with its conifected equip¬ 
ment must be considered as a whole or as a part of the 
whole of the ultimate system. The sections of trans¬ 
mission circuits which must be handled as a unit have 
to be determined, since the kv-a. required to bring these 
sections of transmission to normal voltage decides 
the size of generating-units and of synchronous con- 
; denser units. 

# Experience has very definitely established the neces¬ 
sity for operating 220-kv. transmissions as well as 
lower-voltage transmissions containing a considerable 
amount of transmission mileage with the transformer 
neutrals solidly grounded not only at the generating 
stations but also at all substations* All transformer 
banks should be equipped with delta-connected wind¬ 
ings for the purpose of stabilizing the relation between 
the separate phases as well as improving relay opera¬ 
tion. In the case of transformers at generating sta¬ 
tions, the delta winding becomes the low-voltage 
winding o f the transformer bank. In the case of 

1. Pacific Gas & Electric Co., San Francisco, Calif. 

To be presented at the Pacific Coast Convention of the A. I. E. E., 
Del Monte , Calif., September 13-16 , 1927. 


breakers , transmission line and the equipment of substations . 

The result of four years' operation of a 2&0-kv. system have proven 
it to be as reliable as a 110-kv. system. The economies of 220-kv* 
transmission have been realized. 

* * * * * 


transformers at substations, the delta windings can 
frequently be used to supply the necessary synchronous 
condensers. 

Sue consideration must he given to the supply of 
cha?ging current, and this supply must take into 
account the fact that the generators, when carrying load, 
must operate at a high power factor if stability is to 
be maintained. These requirements will generally 
make it necessary to operate a high-voltage transmission 
with a drop in voltage in the direction of the flow of 
power. The effect of this operation will be to necessi¬ 
tate supply of charging current from the receiving end 
of the line, leaving the generators free to operate at a 
high power factor. 

Under h^avy loads, it is possible to supply sufficient 
boost at the Receiving end of the transmission section 
to bring its voltage to an equality with the sending end 
of the same section without causing a leading current 
in the generators at the sending end, In very extensive 
networks where the flow of power may be reversed, 
operation at the same voltage at all points may become 
necessary. 

Should this be essential, definite provision for a supply 
of charging current at some*of the generating stations, 
will have to be made! 

Some flashovers of line insulators seem inevitable. 
Interference from external sources cannot always be 
-avoided, nor has any insulation yet been found which 
will withstand the effects of all kinds of lightning. 
When a failure does occur, the section of line involved 
in the failure must be disconnected from the system 
with the least possible delay. While the arc resulting 
from a flashover may be extinguished by dropping the 
system voltage, this operation will nearly always result 
in the loss of • synchronism between the generating 
stations and the load. It therefore seems better to 
cut out the section of line on which trouble has occurred. 

Experience shows 'that this can be done in the 
majority of cases without loss of load, provided the 
sections of line remaining in service have sufficient 
capacity to carry the total load. To disconnect a 
section of line on which trouble has occurred requires 
the use of automatic relays. Excellent satisfaction has 
been experienced with the use of directional overload and : 
directional residual relays. It is possible to connect 
the directional residual relays to the system in such a 
manner as to secure inverse time operation.' With 
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, such a system of connections, .it has been found possible 
to relay out one of two parallel lines even though the 
trouble was within one per cent of the total distance froiji 
cfhe end of the section. To attain this result from the 
balanced system of.relays is extremely difficult, if not 
impossible. 

Generating Stations 

The prime movers of generators employed on high- 
voltage systems will usually be steam turbines or water- 
wheels of the reaction or impulse type. The only 
special requirement of prime movers for such syst ems is 
• that their governors should hold the speed very close to 
normal without hunting at no-load. This requirement 
must be met if quick operating is to be attained. 

In the case of certain types of # hydroelectric plants 
where pulsations in penstock pressures tend to cause the 
waterwheels to huntwhen running atno-load, this is not 
an. easy requirement to meet. The use of a load limit¬ 
ing device on the governors which will permit a con¬ 
venient adjustment of the output of the prime movers 
has been found very useful. Especially in hydroelec¬ 
tric plants it is frequently desirable to limit the output 
of many of the units and permit only a few units to 
govern. The load limit device permits of such opera¬ 
tion in the most advantageous manner. • 

The generating units may be called up«i to build up 
the voltage on transmission line sections for the purpose 
of tests or for the purpose of bringing up a section to 
put it in service. In either event the generator must 
be first connected to the line with little or no field 
current. The fact that no terminal voltage, or a very 
low terminal voltage, would exist on the generator prior 
to the time the line is brought to full voltage prohibits 
•the use of electric drive governors.. 'The later types of 
mechanical drive for governors have proved so satis¬ 
factory that there seems little reason to desire the 
electric form of drive. 

From the standpoint of the function which they must* 
serve in connection with the operation of this system, 
generating units connected to high-voltage systems Ml 
in two classes: (1) Those units which must be of suffi¬ 
cient capacity to handle designated sections of the trans¬ 
mission lines; (such units will generally be of fairly large 
size); and (2) smaller units having insufficient capacity 
to handle any part of the high-voltage system whose 
function is merely to feed in a certain amount of power 
but which must be cleared from the system in case of 
trouble or in case of line test. 

The larger or control units should have fairly high 
short circuit ratios so that they may have good stability 
during system disturbances and be able to carry charg¬ 
ing kv-a. at least equal to rated capacity without 
exceeding rated terminal voltage. Such genera¬ 
tors should also stand occasional overvoltages of the 
order, of 50 per cent since switching operations may 
occur at any time which will result in high over-voltage. 

A smaller generator should have a sufficiently high 
short-circuit ratio for stable operation and should have 


the ability to operate with considerable overvoltage at 
least for brief periods. 

Excitation Systems 

Excitation systems for generators supplying high- 
voltage lines must bo automatic as to their voltage 
cpntrol and must operate with' thedlighest practicable 
•speed, especially in a case where direct-connected 
exciters are used. If this is not done, the generator j 
voltage will vary far too much with the changes in I 
power factor resultant from the changes that occur, 1 
especially in case of line trouble. The automatic | 
voltage regulators should be direct-connected to the ! 
generators and not to the station bus. The generators 
are thus protected from protracted overvoltage in the 
event of their being tripped off the bus. 

The use of direct-connected exciters, which is desir¬ 
able fron nearly every standpoint, presents an additional 
problem because of theft being affected by generator 
speed. Hence, on such an fhcrease of generator speed as 
will be occasioned by sudden loss of load, the terminal volt¬ 
age of the generator tends tp increase with the square of 
the increase of speed. To avoid this compounding effect, 
the automatic, control of the excitation system must 
have a very quick response. 

Sudden loss of full load, with large hydroelectric units ■ 
driven by reaction turbines, results in a speed increase 
of the order of 30 per cent. In the case of impulse 
wheels, this speed increase can be reduced somewhat 
provided governor action in less than two sec. is per¬ 
missible. With excitation systems having fairly high 
speed response, it has been found possible to hold the 
generator terminal voltage to a rise which is not greater 
than the per cent rise jn speed. 

In order that each main generating unit may be as 
independent*as possible, the use of direct-connected 
exciters, with a voltage regulator for each unit, has 
been found very satisfactory. 

Transformers 

Modern high-voltage transformers have given very 
good service in high-voltage systems. The reactance 
of these transformers should be kept as low as can be 
reasonably obtained. If this is not done, the trans¬ 
formers will contribute to bad voltage regulation of the 
system especially when lines are being tested or sections 
of lines placed in service. . 

The short-circuit current through transformers con¬ 
nected to long distance hydroelectric systems tends to 
be limited by the generating capacity or the line imped¬ 
ance rather than by transformer impedance. It does not • 
seem necessary to introduce any additional reactance in 
the transformers for such systems to protect them from 
damage from short circuits. « 

In the case of transformers fed from large steam {j 
turbine generating units, great care must be exercised ”1 
to provide for their safety under a short circuit on ;J 
account of the higher momentary short-circuit currents ,• 
of steam turbine units as compared with water-wheel 
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* a j° g V thlS time tbe distribution of Voltage 
undoubtedly determined by leakage currents rathi 
than by the Condenser effect of the unit. Obvioush 
grading devices are ineffective at the very time a 
insulator string is most likely to fail.. 

. R .f b fV« d that tb e conductors of high-voltag 
circuits should be transposed so that the electrics 
characteristics of each phase wire may be as nearly lik 
the charactenstaes of the other phase wires as possible 
Additional reasons for transposing each circuit occu 
where two parallel circuits are used. In this case 
. transpositions should be so arranged that one circuit h 
transposed with respect to the other. In this way 
nductive effects of trouble on one circuit upon the 
other circuit are minimized. . , 

The use of double-circuit towefs appears to be per¬ 
missible where no sleet is encountered. This construc- 

ofTJn a very dlstmct economy compared with the use 
of two separate single-circuit lines. 

Substations te 

° f to substations are 

similar tp those of generating stations in prae 

respects. The main transformers may be at 
formers if the ratio of voltage transformation's 
than 2:1. In such transformers, delta-conned 
mgs should be employed and mav be used for 

nous operation if desired. 

Synchronous condensers must work over t 
plete range from full boost to as much buck 
are designed to supply. Some economy of cos 
had if the bucking capacity of the synchrom 
densers is not more than 60 per cent of their 

• cspH/City, • 

Where very long sections of transmission line 
andled, it will be found necessary to emplo’ 
cjironous condenser in addition to a large gene 
order to supply the charging kv-a. for brine 
cmcuit up to full voltage. For this operation, 
demer may be attached to the circuit with litt 
fidd excitation and the generator may be used t< 
the desired voltage. 

In certain substations, control being a number 
going circuits which it would be deLtbteto 
building up rather than by ci 
of a driving motor on a sy 
mitting the operation of the 
unit, will be found very con 
it seems best to make these 
duction type. However, it 
chronous drive motor will s 
well and will have the advai 
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Application of Electricity in Cement M ills 
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Synopsis— The advantages of electric drive for cement mills are equipment are given. The electrical installation recently made in a 
enumerated in this paper and general pointers on installing electrical modern cement plant is described. • 


"1VT0 single factor has contributed more to the present 
\_y design and efficient operation of a modern cement 
mill than the application of electricity &s its 
motive power. 

The older cement plants were designed to operate on 
steam power and since this necessitated the use of long 
line shafts to accommodate the numerous pulleys 
required to drive the many small manufacturing units 
then in use, these plants were practically built around- 
an engine room. For this reason it was not possible to 
arrange the machinery used ior the manufacture of 
cement in such a way as to insure maximum efficiency, 
nor could the elevating and conveying systems be 
installed so as t5 give the best flow of materials through 
the mill. . * * 

The first application of electric motors in cement mills 
was the use of d-c. motors to drive auxiliary machinery 
requiring from 1 to 50 h. p. It was, for example, most 
inconvenient to transmit power from the line shafts to 
elevator heads and overhead conveyors, and tests 
showed that from 50 to 90 per cent of the power was 
lost in transmission, due to speed reductions usually 
accomplished with long chain and sprocket drives. 
Electric motors in such places proved an immediate 
success. They not only cut the transmission losses 
but it was soon found possible to install an astonishing 
amount of connected load in mdtor horsepower, on a 
generator set*of much less rated capacity. .This was due 
to the fact that such drives are usually over-motored 
due to the high ratio of the maximum to the average 
power required by the individual motors. In one case 
known to the writer a total of 375 h. p. in rated motor 
capacity was carried by generators rated at 150 kw. 
with only occasional, interruptions in service due to 
opening of circuit breakers. This constituted such a 
radical and valuable change from the old line, trans¬ 
mission practise that small generator units driven by 
special high-speed engines of from 100 to 500 h. p. 
became a feature of every cement plant. 

The electrification of the cement plants in the Lehigh 
Valley was started on a larger scale when the Lehigh 
Navigation Electric Company built its plant at Hauto 
and offered attractive power rates to the cement manu¬ 
facturers, most of whom were operating with steam 
power plants that were either in poor condition or badly 
overloaded due to increased production demands. The 

1. Coplay Cement Mfg. Co., Coplay, Pa. 

Presented at the Regional Meeting of District No. 2 of the 
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work of changing over these mills consisted p rimar ily of 
replacing the old line shaft drives by individual motors, 
and in most cases the general layout of the cement 
machinery was not changed to any great extent to get 
greater advantages of the use of electric motors. One 
of the plants installed 2200-volt and 220-volt induction 
mofors, two plants used 550-volt induction motors, and 

one^lant installed d-c. motors. 

■ • • 

The advantages of the electrification were realized 
very soon. At the Coplay Cement Manufacturing 
Company’s plant the production was increased from 
2600 barrels per day to over 3000 barrels per day with¬ 
out the addition of a single grinding unit and since the 
meters on the various feeder circuits gave accurate 
records of power consumption, causes of trouble and 
faulty operation could be detected easily and the unit 
cost of manufacture was decreased. 

The use*of electrical machinery in a modern cement 
mill is necessary for the following reasons: 

1. It makes it possible to design a plant to meet 
manufacturing conditions without being restricted by 
conditions imposed when using other forms of 
power. 

2. Increasing cost of labor necessitates the use of 

labor saving devices that are not practical except when 
driven by electric motors. • , 

3. Saving in operating efficiency on account of not 
running idle machinery. 

4. Necessity of keeping accurate daily cost date, 
which is greatly aided by proper use of electric 
meters. 

° 5. Greater flexibility in making repairs and adjust¬ 
ments to various parts of mill without interfering with 
other operations. 

6. General trend toward larger manufacturing units. 

One of the most important points to consider in the 
operation of a cement mill is the continuous operation 
of the various departments according to a prearranged 
schedule. The schedule of operation depends mostly 
upon local conditions, for, although it is necessary to 
run the kilns without shut-down, it is sometimes advis¬ 
able to shut down certain departments over the week 
ends. The quarrying and packing operations are in 
many cases discontinued on Sundays except during 
periods of maximum shipping requirements. 

The manufacturing departments of a dry process 
cement mill may be divided as follows: 
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mechanically interlocked so that it is impossible to component indicator to be used with watthour meter in 


perate them when the oil breaker is.closed. The bus 
tie switch and the transformer bank switches qre three- 
pole, gang-operated air break switches and are used for 
breaking the parallel operation and the magnetizing 
current of the transformers. 

It will be noted, •figs. 2-4, that when operating cm 
one transformer bank, one side of the station can be en-* 
: tirely disconnected, making safe repairs and adjust¬ 
ments possible. • 

The operating switchboard is in a separate room, and 
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Fig. 2—5000-Kv-a. , 66,000/2200-Vo lt , Three-Phase Trans¬ 
former with Air Brake Switch and Main Line Oil Switch 


consists of two transformer panels, two totalizing meter 
panels, feeder panels and a bus tie panel. 

The bus ±ie switch is operated by an instantaneous 
overload relay and fe used to sectionalize the bus in case 
of a dead short circuit on one of the feeders to reduce the 
rupturing capacity required by the feeder circuit 





Fig. 3—Transformer House 

* • 

breakers which have d-c. trip coils operated by inverse 

time limit relays. This combination operated success¬ 
fully on two occasions when short circuits occurred on 
feeder cables during the construction period. 

The totalizing panel is equipped with. watthour 
meters, printometers', ammeter, voltmeter, curve draw¬ 
ing wattmeter, power-factor indicator, and wattless 







computing the average power factor. 


The feeder panels are equipped with oil circuit 
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breakers, disconnecting switches, ammeter, wattmeter, 
and watthour meters and with a complete set of testing 
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Fig. 4—Schematic Wiring Diagram of System 


studs on the front of the board for testing meters and 
relays. 

All of the feeder circuits to the various departments 
are of armored lead covered varnish cambric insulated 
cable. These cables are run underground to the various 
departments and when located out of doors are buried 
about three ft. underground and spaced several inches 


* * ■ ' 

^. M 



Fig. 5—600-H. P., Three-Phase, 2200-Volt Super- 
synchronous Motor Driving Tube Mill • 


apart. Boards are placed about six in. above the cables 
as a protection against injury by workmen making 
excavations. , 

Where the cables are located in buildings having con¬ 
crete floors, the ditches in which the cables are laid are 
filled with earth and covered with a 2-in. concrete slab 
marked to show location of cables and to allow the con¬ 
crete to be broken out easily, if necessary. 

The starting equipment for the various motors con- 
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nectefl to a feeder circuit is in most cases arranged in a 
group at the termination of thfe feeder. Since 440-volt 
motors are used for all sizes under 50 horse power, small 
distribution transformers are connected to each feeder 
to take care of these motors. 

The 2300-volt induction motors with few exceptions 
are controlled by manually operated starting compensa¬ 
tors and the 440-volt induction motors are controlled by 
magnetic starters except in case'of variable speed motors* 
that have drum controllers and resistors. These start¬ 
ing switches are mounted on panels containing discon¬ 
necting switches, fuse blocks and testing jacks all 
mounted in a single sheet steel box with safety catches. 

~r e motors f° r tbe main grinding units are 600- and 
200-h. p. super-synchronous motors controlled by auto¬ 
matic panels; see Fig. 5. Where necessary, all motors 

driving different units of an elevating and c —-- 

system serving a main grinding machine are interlocked 
to prevent choking of materials it case of stoppage of 
one of the units. All automatic starters are equipped 
with but one starting station but manv have several 


Journal A. I. 


Zl ’ ana @tner iator saving machinery, me 
°t the motors used, in the cement industry are of stan 
ard design and construction and since the general pra 
ise m the installation of this equipment is to make tl 
starting operation as automatic as practicable, specia 
ized mechanics are not required for the operation of tl 
motors and few skilled men are Required for the 
maintenance. , 

An installation such as described above would b 
expected to operate 24 hr. a day for 360 days per yeai 
and would have a yearly load factor (ratio of averag 
demand to maximum demand) of 80 per cent and 
monthly load factor of 88 per cent with an averag 
power factor of 90 per cent, making it a desirable loa< 
trom a power generating standpoint. 

The tendency i~ -- 


m cement mill work js toward larger 

—-1 apparatus 

, _ in sizes and speeds of the 

a t d distribution of the motor 
load into circuit so as to Eest meet the manufacturing 

mill so as to belaid to mor^ 

hf T he r ® Cent development of synchronous motors of 
clumh^wTh^ t°r q ue, with either mechanical or magnetic 
' h ? Ca r the lnstallation of more direct-con- 
nullevs ZT’ el ™ mating man y expensive belts and 

in space aad 

In many instances, ball and roller bearings have been 

modern ^ trem + eIy -u USty places . witil g° od results, but a 
modern cement mill can be made to be so free from dust 

tw? Cn Pr ? Per attention is paid to the condition of 
the equipment, motors with standard babbited bearings 

on v With - 3S Httle tr ° ubIe as when Stalled 

on similar machinery m other industries. 

raJ + USe ° f beltS and Chains on c °untershaftafor speed 
redu^on necessary to drive elevators and conveyors 

' ^ aIm °? amversaI1 y replaced by the use of gear 

units dlrect connected to motors through 
* mounted on common bases. Re- 

tZl be built for s P«ed reductions 

exS^oT ^uPto 8000 to 1‘when power does not 
exceed.500 h. p. and therefore cover the entire range of 
cement making machinery except in case of the larger 
gnndmg units. Rock crushers and heavy machinery 
“S sh( \ ck stiil usually belt driven to 

red "“' the strai “ « the ■»*- 

eWwf t0 ? e<above described m °tor applications, 
electncity is used m cement mills for magnetic separa- 

ous other application of electricity, all of which have 
vlant* 6 sa, } ls f ac ^° r y features in operating cement 
S™?\ t as 18 the in other industries, electric 
power has become one of the greatest factors in produc- 
tion and from raw material to the finished product the 
responsibility of uninterrupted manufacture rests pri- 

manly upon the electric motor. 


T otal. g/jr; 

The types of motors used fire as follows 
B-c. Motors, 220 -volt....... * g- 

(Electric Shovels, Granes, Etc.). * 

« Sqnirrel-Ca^e Induction Motors 440 - 

. vo1 *... 

Viable-Speed Induction Motors* 440 

... 28 

Squirrel-Cage Induction Motors, 2300 - 
volt.... g 

Hoist Duty Induction Motors, 2300 - 

volt..4...... 

Synchronous Motors, 2300 -volt 33^ 

Total.-... 92Qe 

With the exception of comparatively few n 
tractenstics suitable for the operation 


















Recent Developments in Electric Drives fo 

' • Rolling Mills 

BY L. A. UI&ANSKY 1 


Synopsis. —The application of electric power in the steel industry 
introduced many radical changes and improvements in rolling-mill\ 
layout and practise. The electric drives , of capacities larger than 
encountered elsewhere, are usually cksigned to fit individual cases. 


Special machines or special combinations of Ihem are frequently 
used. 

Several representative cases are outlined, and some methods of 
'solving the encountered problems are analized. 


Introduction otherwise possible* but the point, which is sometime 

1 1 THE iron and steel industry is the largest single lost sight of, is that many operations and processes, 
consumer of electric power. In 1924 this industry noV in wide use, are practically impossible without the 
used more than 6,000,000,000 kw-hr., which agency of electric power. Rolling mill designers have 
is about 20 per rent of the total power consumed by all taken advantage of* the possibilities of electric drives 
industries in the United States. It is of interest to note an d have built mills on radically new principles, ex- 
that the combined output of all central stations in the ceptionally advantageous for steel plants, but not 
country equalled 54,413,408,000 kw-hr. during the practical, were it not for the presence of electrical 
same year. . motors. On the other hand, the electrical engineers 

A modern steel plant, starting with an iron ore have developed new machines, or new combinations 
as a raw product,’ produces at its blast and open hearth of machines, primarily, if not exclusively, for rolling 
furnaces and at the coke ovens a large amount of waste m ifl application. Thus the new rolling mill has become 
gas or heat. Electricity gives means of conveniently closely tied to its drive and is unthinkablewithoutit; the 
converting and transmitting this potential power to the influence between the electrical and mechanical equip- 
eenters of its consumption. This explains the rapid ments is no\y not only great—it is also mutual. Many 
growth of power generating plants in the steel mills; new problems were brought up and were solved more or 
one steel plant has an installed capacity of over 100,000 l ess successfully. 

kw.; a number of plants have a demand in excess of There will be outlined in this paper, in a necessarily 
50,000 kw. In 1926 alone the steel industry purchased short space, those solutions offered by electrical engi- 
for its use a 30,000-kw. turbo generator and three others neers for a few of these problems. A brief sketch of the 
each rated at 20,000 kw., not counting many other units types of new rolling mills will give the necessary 
of 15,000-kw. capacity and less. background. 

So great is the demand for power in the steel industry „ ' ^ • _ _ . 

that even plants having their own blast furnaces often Continuous Roiling and Continuous Mms 

purchase additional power from public utilities. Many ^ has been generally recognized that for a large 
other plants, deprived of the use of blast furnace gas, tonnage output a continuous, rolling, mill possesses 
run almost exclusively on purchased power. The decided advantages. Such a mill, see Fig. 1, consists of 
latter amounted in 1924 to 39 per cent of the total power a number of two-high stands, arranged in tandem and 
consumed. conventionally driven through a line shaft and gears 

The bulk of this vast amount of energy goes for the b ^ a s ^ n ^ e m °tor or engine. The hot bloom or bar 
work of shaping the steel; the rolling mill drives are the Passes i* n succession through all stands, as indicated by 
principal outlets of the generated power. Here the the arrow., Each pair of rolls reduces the cross-section 
electric drive predominates. Hardly any new mills the bar until the latter leaves the last stand as a 
are being equipped with anything but electric motors; finished product of the desired shape. The layout is 
older steam driven mills are being gradually electri- compact; little heat is lost between stands; the metal is 
fied, for purely economic reasons. rolled at a high temperature and with a relatively low 

Many electrical engineers, not. connected directly P° wer consumption; the steel requires little, if any, 
with the steel industry, may not fully realize the pro- handling; the labor costs per ton are reduced to a 
found, almost revolutionary changes which the electric niinimum. 

drive brought about in the rolling mills. It is not The bulk of the country's steel output passes through 
merely the question of performing the operations in a a continuous mill of one kind or another, 
better, more efficient, or more reliable manner than To maintain the high tonnages and to keep the cost 
_ ’■ , „ of handling down, the rolled bars are usually of con- 

H .iy. siderable length; a finished length of several hundred 

Presented at the Regional Meeting of District No. 2 of the feet Is quite common. In order to save floor space the 
A.I.E.E., Bethlehem , Pa., April 21-23,1927. stands are located close to each other. This means that 
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is in several stands at the same time. It is *even in small ^ u 

iat with such an arrangement the speed of adjustment vet will H ,^ hlch 

SET 5 * * rolb is !“— * it has C adSJ ^ “ 

iction of the cross-section area. For a given It is outside the , ' 

j by r S°of b r: n St T dS 18 fi3 f a and is outside the competence of the i ' 
y patio of the several gears; hence the analysis of mill layouts* from tiie 

" the ^ also n«ll^tiZ. T 

.ss fixed Thus, a continuous mill of the fdea that, for instance • - 

•pe, capable of producing large tonnages <jf a- drives is the best combination , ’ 

tions; isuch a mill was merely discussed 
illustrate the profound influence 
mill engineering and practise. 

Types of Electric Drives 
It will be shown presently how the electrical e 
neers are providing suitable drives for mills of the 1 
just described. While no radically new machine 


and which is capable of sped 
closely maintain its speed, onc< 

scope of the present paper find 

--; writer to offer a thorough 

standpoint of rolling 
It was not intended to convey the 
™a continuous mill with individual 
or layout for all applica- 

-1 in order to 

of electricity on ro lling 


Mill Stands 


(ions 


Electric 

Motor 


Line Shaft 


6600 \*l 


5 Phase 


certain class of sections, is not quite flexible when it 
comes to rolling of a diversified-line of products. 

Individual drives for several stands of a continuous 
mill give it the necessary flexibility, at the same time 
maintaining its inherent advantages. 

For instance, the mill, Fig. 2, has its jjrst three 
roughing stands driven by one motor, the next two 
stands by another motor, and the last three, or finishing, 
stands are each provided with a separate drive If 
all motors, or several of them, are of the adjustable 


-2500 Kw. 


ISOOKv 


1800 Kw. 1800 Kw, 


1800 Kw.-600 V. 


I 250 Volt 
Excitation Bus 


[rroonp.ll I 700 H.R] faiooKP.I 


•Mill Stands 


Will Pinions 


.Electric 

Motors 


* -**■-Powar Line 

Fig. 2-Elementart Diagram of a Multi-Drive Continuous 

Mill 


speed type, then the speed ra- 
may be readily changed. A w 
may be then successfully rolled < 
^,ch with the most suitable re< 
stands. 

Mills, designed and built < 
springing up all over the coin 
merchant and certain structural 
on such mills. They are belie 
flexible and tonnage producing 
-mill of this type takes the plac 
modem mills. 

Such layouts would be hardly 
the application of the electric m 
accepting it as a matter of fact, 
that there is no other device wfc 
large bulk of power in a limited « 


Fig. 4—General View of the Motor Room 
Merchant Mill of the Jones and Laughlin 
PORATION, WOODLAWN, Pa. 

The elementary diagram of connection is shown on Fig. 3 
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_ r °vighing train of three staflds; two 1700-h. p., only 81 per cent. When the d-c. machines are operating 
. /204-rev. per min. motors and two 2100-h. p., 150/- at-reduced voltage (i. e.,‘ when part of the speed range % 
U-rev. per min motors are individually driving the i # s covered by Ward-Leonard control) their efficiency 
four stands; the two finishing stands are each goes down quite appreciably. The actual over-all 
riven, by double-unit, 2000 h. p. motors, consisting of efficiency and the power consumption (in terms of 
. ° lOOO-h. p. armatures which* can be connected either kilowatt-hours used per ton of rolle.d material) are 

m se ries or in mufople, and operating up to 800 ret. still further unfavorably affected by the fact that the # 
P er Three smaller edging roll stands are also* average mill load is usually much less than the rating 

electrically driven. • *of the drives. • 

All motors are 600-volt, d-c. machines and the*power Thus, much as a straight d-c. system may seem * 

to them is furnishe'd from three large synchronous attractive, in many cases, from the operating stand- 
mo tor-generator sets, aggregating 12,200 kw. (40 deg. point, it would be a fallacy to consider it as a standard . 
cent, continuous capacity). Practically each motor has for any multi-drive mill. 

a corresponding generator, as is shown on the diagram. With alternating current universally adopted in all 
Ward-Leonard control is used for starting, and the steel mills for power generation and distribution, the 
combination of. generator voltage and motor field engineers should always analyze whether the available 
control gives a very wide speed range (as wide as 4:1 a-c. power could not be more directly used for driving 

and 5:1) to each drive. e , ' the mills. When large amounts of energy and large 

Another interesting example of a modern mill with tonnages are involved, the possible improvement of 

5 or 6 per cent, or more, in over-all efficiency, presents 
an attractive goal worth striving for. Say, a mill rolls 
50,000 tons of steel per month, consuming. approxi¬ 
mately 40 kw-hr. per ton, or 2,000,000 kw-hr. per 
month; a saving of 5 per cent at, say, 0.9 cent per 
kw-hr. wijl net over $10,000 per year. Such economy 
alone would Justify an additional investment as high as 
$50,000 if it were required. But, if it is obtainable 
without any additional outlay, or even with a lower 
first cost than with a d-c. drive, then the application of 
a-c. drives becomes vital and their possibilities should 
be most carefully studied. 

A-c. Drives. The art of engineering thus far knows 
of but one way to build adjustable speed, a-c. drives, of 
such capacities as are involved in steel mill workj, * 

This is to use a slip-ting induction motor and to regulate 
lually driven by d-c. motors is represented its speed by acting on its secondary circuit in one or 
: in Fig. 5. The capacity of each drive is another well known manner. These methods were 
the diagram. The power to the motors is described in great detail, at various times, before tfus 
i a 3000-kw., 600-volt, three-unit motor- Institute or before other engineering societies, and the 
. Ward-Leonard control is used for start- ©lost representative of them are diagrammatically 
ir field control for speed adjustment. shown on Fig. 6. 

s A-c. Drives. When a mill requires a Broadly speaking, all these methods have one thing 
djustable speed drives, especially of the in common. An induction motor, running at-a sub¬ 
less than the average capacity, then it is synchronous speed, delivers at its shaft, as mechanical 
economical to.make them of the d-c. type, energy, only that portion of the power transmitted to 
ibed. When a speed range larger than the rotor which is proportional to the speed; the 
ary, the use of direct current becomes balance of this power, proportional to the slip, is 
-ative. The speed regulating control is available at the slip-rings and is usually called'the 
usually consisting of* one or several field slip energy; it is of a frequency and voltage proportional 
'he use of direct current may also reduce to the slip. This energy is either converted into 
} high voltage switching equipment. * mechanical power and is returned to the main motor 
ir hand, the necessity of converting the full shaft, see 6b, 6d, 6f, or is converted into electric power, 
ictrical power three times from the avail- of the line frequency and voltage and is returned to the 
to the mill coupling, greatly reduces the a-c. system; see Figs. 6a, 6c, 6e. In the first case the 
;ncy of the drive and increases the running drive is of a “constant horse power” type, as approxi- 
Assuming an efficiency of a d-c. motor at mately the same amount of power (neglecting con- 
nd that of a motor-generator set at 88 per version losses) is available at the motor coupling at all 
r-all efficiency of the drive at full load is operating speeds; in other words, larger' torque is 


A.C. Power 


500H.P.I 300H.P. 500RPJ660H.P. 650H.P. 650H.P. 


5—Typical Arrangement of a Moderate Sized 
Continuous Mill Driven *by D-c. Motors 


1 

joyo 

jj-v, 250 Volt 
fyp—Exciter 


T 

Syn. Motor 

!> 600 Volt D.C. 







returned as mechanical power to the main shaft bj 
means of a synchronous motor, S ; its excitation providM 
the speed regulating means. Several other scheme* 
employing a frequency converter, are also conceivable. 

, Either scheme is capable of regulating the speed of 
the mam motor not only below but also above sym 
chromsm, forming a so-called double range drive 
bvnjusly the slip energy is then of a reverse direction: 
it flows from the regulating machines to the slip-rings, 

bv^tf ST th T ; l he arrows ’ see Eig- 6, indicating, 
y dotted lines, the flow of power will nave to be re- 

versed. The Scherbius and the frequency converter 

o“— of tbe d6uble range type; on account 
of certain difficulties of operating the Kraemer drives 
close to synchronism (i. e. at a very low frequency at 

ffiro^' T S COnVerter C) and of ^lity to p, 
^hrough synchronism under load, these drives are usually 

.^?onX eran8e K, ” iPm “ tS ’ tOT ^y^rorm, 

tha * ' rith *" ofth * kernes th. ' 
am part of the a-c. power^s converted hut 

"wer’ ““ “ upli " 8; onl y the balance or 

^ty n d e epend d ing : ^ Sh ° Uld h ' a ™ a ca ‘ 

ie aLu^eednatr 6 The and 

,eed range the i Therefore, the greater the 
,eed reeXi™ expensive becomes the a-c. 

[vantage, 1 over g aTcT “J 7® less becomes its 
dnt of first lost and £ ’ b0th fr ° m the «tand- 

uble-range drive tht ffiClenCy ‘ 0bviousl y, with a 
M is utilized to ^ 

ige drive. x tent than with a single 

New Combination Drives. While some nf *u * 
ed a-c. systemci xxr^ • j . lue some of the out- 

or 15 years their a , Wlde y used during the iast 
eussed in this paper mXX 11 f ° r multi -drive mills, 
lortunity to get off the h* f* 6 ® ngIneers an occasional 
1 known machines in en trac ^’ and to group the ■' 
eous arrangement The 6 77 and m0re advan_ 

^ T eo4iniL^Sf ng “ ° f 

■everal a-c. drivedneetnlt °be **7^ regulation °J om i 
rsectvonsof the same 


A C PoAtsr 


t Excitation 1 
Bus^ ; 


A-C. Powctg * 
t Exc itation Bus 
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This principle was applied lor tfie first time in 1925 at 52 per cent synchronous speed), is required to develop 
in connection with the equipment Shown on gig. 7, only 1960 h. p. as mechanical power at its shaft; the * 
and, to the best of the author’s knowledge, it* has not other 48 per cent of 1640 h. p. are available as slip energy, 
been suggested nor applied previously. The latter is converted by means of the synehronoife 

This sketch represents a single line diagram of a converter. Cl, into d-c. power and drives a d-c. machine, 
large continuous rolling mill equipment recently put in Dl, as a motor. The excitation of the latter determines 
operation in the Chicago district. For the sake of ‘its voltage and, therefore, the speed of the drive IM- 1. 
simplicity, the switching and control apparatus are Likewise, the 7500-h. p. motor, running at 136 rev. 
not shown. The mill consists of several stands ar- per.min. or 52 per cent synchronous speed, delivers • 
ranged in tandem. The roughing stands were*to be to the mill 4040 h. p., while the available slip energy ' 
driven by one motor i M—1 developing 3600 h. p. at 290 amounts to 3460 h. p. It is converted to direct current 
rev. per min. and 1960 h. p. at 156 rev. per min.; the by means of two synchronous converters, C2 and C3, • 
intermediate train was to be driven by another motor, duplicates of Cl, and is used for driving the d-c., ma- 
IM-2, developing 7500 h. p. at 250 rev. per min. and chihes, D2 and D3. as motors; by chan g in g simultane- 
4040 h. p. at 136 rev. per min. The three finishing ousfy the excitation of D2 and D3 the speed of the drive 
stands were to be each driven by a 2000-h. p. motor, IM-2 is adjusted. * ♦ 

developing this capacity at any speed from 85 to 165 rev. As the maximum amount of the-slip energy to be 
per min. A set of edging rolls required a 250-h. p. handled by each of the machines Dl, D2 and D3 is 
drive. The electric power was available at 2200 volts, approximately 1750 h. p., they are made exact dupli- 
three-phase, 6(f-cycle. cates of the 1700-kw. generators, Cl, G2 and G3. 

The electrical engineers _have solved the problem Arrows on Fig. 7 indicate the flow of power when the 

entire mill is in operation. It will be seen that the 
machines, D, are running as motors and are assisting the 
synchronous motors, S, in driving the generators, G. 

This assistance is the greater, of course, the lower the 
speed of the,drives IM -1 and IM-2; if this speed is 
close to synchronism, or if the load on the drives I M-l 
and I M-2 is relatively light, then the synchronous 
motors are more heavily loaded. In the extreme case 
they should be capable of furnishing the total power 
required by the generators and cover the friction and 
•5* I I iinurjMMe i i-j ii it windage of the machines, D. In other words, the syn- 

f J | f IMI ? f f ? chronous motors need be only 50 per cent of the ca- 

“S "9 5 0 o 0 C.G -• ■ pacity required ‘for a three-unit motor-generator. 

Fig. 7 —Electrical Arrangement op Combination A-c. and set of the same d-C. rating. 

Djc. Drives for a Large Continuous Mill Ordinarily, the motors, S, would be running under- 

The total continuous capacity of the equipment is 17.350 h. p. loaded, providing an additional amount of leading 

kilovolt-amperes, and compensating for the reactive 
of selecting the drives for this mill in the following kilovolt-amperes of the large induction motors. The 
manner. power factor of the whole installation is approximately 

The 3600-h. p. and 7500-h. p. drives, being large 97 per cent leading at full load, 
units running at reasonably high speeds, could be Thus the slip energy of the constant torque drives 
economically designed as induction motors, with 7 M-l and IM-2 is not returned mechanically to the 
speed adjusted by the Kraemer method. The finishing shaft of these drives whe*e it was not required in this 
mill drives, smaller in. capacity and much lower in case, nor is it returned electrically to the power bus. 
speed, could be more advantageously and more com- Instead of this, it is made use of in,a more direct manner; 
paetly built as 600-volt, d-c. motors, with speed ad- namely, for driving the finishing mills. The oyer-all 
justment by motor field control. The power to these efficiency is improved and the required capacity of *the 
motors is furnished from three 1700-kw. 600-rev. per regulating apparatus is reduced to a minimum.* 
min., d-c. generators, <71, G2 and <73, driven by syji- The drive just described possesses a number of 
chronous motors, >81, S2 and SB. Low-speed, 60- secondary advantageous points, although these are not 
cycle induction motors for driving the thr ee finishi ng directly connected with the new principle of utilizing • 
mills would be expensive machines with a rather poor the slip energy. For instance, in case of light loads, it 
power factor; the use of reduction gears would not be is possible to operate the drive IM-2 with only one 
very advantageous, nor feasible, due to certain local synchronous converter and one d-c. motor, say with 
conditions. ‘ C 2; and D 2, and to operate the three d-c. motors 

It will be observed that the 3600-h. p. induction Ml, M2 and M 3 from only two generators, say 
motor, IM-1, when running at 156 rev. per min. (i. e., G 1 and G 2, by using the paralleling bus. This will 
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permit the shutting down of one motor-generator set, ° The roughing trfn will*taJce a 4000-h. p., 83.S-W 
thereby reducing the running-fight losses. Although it per min^motor h * 

is hard to estimate with any degree of accuracy % by a 6500-h. p„ 187.5-rev per mm motor, B I 
resultant saving in power, it is evident that any such following group of stands will he jointly driven throu 
saving is a net gain. It may be truly said in this con- a train of gears by an adjustable speed equipment, 
nection that in steel mill drives, which are usually liber- developing 6700 h. p. at oOO rev. jper mm. and 3L 

ally motored to take care of the maximum load condi- If. p. at 250 rev. per min. * 

tions, the low running light losses are just as big a * The last finishing stand will take a separate dira: 
factor in conservation of power as the high efficiency. ' connected drive, D, with* an output of 2600 h. p, at 

speed'of 27A ,w. per 


Fig. 8—General View of the Mill Motor Room Con¬ 
taining the Electrical Equipment Arranged as Shown on 

Fig, 7. : . . 

Two out of three synchronous motor generator sets and two synchronous 
converters are seen in the foreground; three 2000-h. p., d-c. motors are 
located next to the wall, with the 7500-h. p. Kraemerr^lrive seen to the 
right of them. The 3600-h. p. Kraemer drive is located back of the gear 
cases and is not shown on the photograph 


fwpliif : 


The motor room of the mill just described is illus¬ 
trated by Figs. 8 and 9. 

Another continuous mill, now being built for a large 
eastern steel manufacturer, will be equipped with elec¬ 
tric drives embodying to a smaller extent the same 


Fig. 10 — Arrangement op Electric Diuvrh nm a 
Continuous Mill . "; 

Two synchronous motors, qne Hehcsrbiuii #Gulpmcnt*ahd out: *1 
aggregating Approximately 20,000 h, p. contiguous capacity wifi 
for driving this mill # 


cent normal will start a continuous mill under nio.v 

adverse conditions. 

Actual experience with a 9000-h. p., 107- rev. per nun., 
synchronous motor, driving since the summer of 1920 a 
large continuous rolling mill at the McKinney Steel 


Company, Cleveland, Ohio, has proved conclusively 
that a synchronous drive is quite applicable for mills 
of this nature. This synchronous motor, shown on 
Fig. 11, is capable of developing a starting torque of 
)-c. 265 per cent nonfial if started on full voltage; it is 
dus usually started on a low voltage tap of an auto-trans¬ 
former, developing the starting torque actually re¬ 
quired with considerably less than normal line kilo¬ 
volt-ampere input. 

dll Under circumstances it has been decided to build 
ag. the drives A and B as synchronous motors and to take 
s advantage of their leading kilovolt-amperes for power 
on tactor correction of the steel plant. 

nit ^ ar ^ e ac ^ usta bl e speed drive, C, will consist of a 

jr ,, P‘> 375-rev. per min. slip-ring induction motor, 

e speed of which will be adjusted up to S3 per cent 
a ove ’ an< ^ U P 83 per cent below, synchro^fiiri 


"ft®- 9 -—Ciadse-Ur Viejv- Showing Thebe 
Motors, Each Driving a Finishing Stand 

Mafic., , , , ■ 

See Pig% 7 and 8 
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(i. e., from 500 rev. per nan. to J250 rev. per min.') 
by means of the two Scherbins regulating machines R 1 
and R 2. With this constant torque layout,, the ca¬ 
pacity of the drive will be 6700 h. p. at 500 rev. per min. 
and 3300 h. p. at 250 rev. per min. An a-c. drive of 
such capacity and speed can be built more economically 
and with a much higher efficiency than any combinatioa 
of d-c. machines. fiEie fact that the power supply was- 
25-cycle gave the Scherbius system an advantage over 
the Kraemer drive. . 

The last finishing mill drive, D, will have a wider 
speed range, is of smaller capacity and runs at a lower 
speed than the drive C. While a Scherbius equipment 
for the drive, D, would be fully competitive in first 




The usetif two regulating machines R 1 and R*2 for 
controlling the speed of* the motor C presents some * 
interesting features. The maximum amount of the 
sEp energy to be handled by the speed regulating 
equipment is 1700-h. p.; it is not practicable to build an 
a-c. commutator machine of such capacity and to run 
at 500 rev. per min.; a lower speed like 3*75 rev. per min. 
or 300 rev. per min. would be required. With, the 
proposed layout such reduced speed would considerably , 
increase the cost of the d-c. generator G and of the 
motor S. It would be still more expensive to provide 
a separate low speed drive for the regulating machines 
R 1 and R 2, and to drive the generator G by another 
50Q»rev. per min. motor. It was quite advantageous, 
therefore, to split the capacity of the regulating equip¬ 
ment in two units and to run them at 500 rev. per min. 

The connections of the regulating machines to the 
secondary winding of the induction motor are shown on 
the Fig. 12. The 5000 * 11 . p. motor is equipped with six 
slip-rings, with both ends of each phase of the rotor 



Stator or 
Mam Motor 


Fig. 11—'9000-H. P.-107, Rev. Per Min. 6600-Volt, 25- 
SSycle, Synchronous Moto& Driving a Large Continuous 
olling Mill 


cost, the difference between it and that of a d-c. drive was 
;not as wide as in the pase of the dlive C. Foi>the sake 
of greater flexibility of control it was decked to make 
the drive D of the d-c. type. 

A 500-rev. per min. synchronous motor, S, will drive 
I 2300-kw., d-c. generator G (furnishing power to the 
motor D ) and the two 650-kv-a. Scherbius speed regu¬ 
lating machines R 1 and R 2 used for adjusting the speed 
of the induction motor C. When the motor C runs 
below its synchronous speed, the slip energy flows to 
the machines R 1 and R 2; the latter run as motors and 
assist the synchronous motor S in driving the generator 
G. In other words, the slip energy does not have to be 
returned as electric power to the incoming line; instead 
of this, it .pay be used for driving, wholly or in part, 
the finishing mill D. The flow of power is indicated 
by arrows. This is another application of the same 
principle which was illustrated on Fig. 7. 

When the drive C is running above synchronism, 
the slip energy becomes negative and arrows shown by 
the dotted lines, see Fig. 11, will be reversed. The 
machines R 1 and R 2 act then as generators, and de¬ 
rive their power from the synchronous motor S. 

A direct-connected exciter, provides the necessary 
250-volt excitation to the synchronous motors A, B 
and S, and to the d-c. machines G and jD. 
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Fig. 12 —Elementary Diagram of Electrical Connections 
of a Scherbius Adjustable Speed Drive with Two Regu¬ 
lating Machines Connected*^ Series 

brought out. Each set of three ^lip-rings is connected 
electrically to the commutator of the regulating ma¬ 
chines R 1 and R 2, which thus forms the two Y-points 
of the secondary circuit. In other words, the two 
mac hin es R 1 and R 2 act as if they were connected in 
series with each other, their e. m. fs. added together. 
The shunt fields F 1 and F 2 are adjusted simultane¬ 
ously by a common speed control apparatus. 

By disconnecting one regulating machine and by 
short-circuiting the corresponding set of slip-rings, it 
is still possible to operate the drive with the other 
regulating machine; full torque of the drive will be 
obtainable, but the speed range will be cut in half; 


« 
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Conclusion ' „ ■ 

^ None of the several electrical layouts described on 
the preceding pages should be considered as anything - 
more than what they were originally intended for:— 
a good combination of electrical machines to fit a set 
• of 8? ven requirements. Certain principles may be used 
again m some future drives; the whole combination 
may never be repeated. Electric drives for modem 

* rollmg mills can hardly be standardized. They 
rather are and may rightly be called “custom made " 

elp!tw7, SmgIe miUs require UP to ’ or over > 20,000 h.p.in 
electnc drives; investment runs into several hundred 

thousands of dollars; the cost of.power consumed in a 

■ year may approach the same figure. This alone jiti- 

nf 7 7 rOU 7 1 e ^ gineerin ? study and a preparation 
of A an individual layout for each case. Machines of 

special design need not necessarily be built for any new 


m ■ 

drive, but there is usually^ broad field for work 
a good new combination of apparatus. 

It fras the author’s intention to point out, by me 
the several illustrated schemes, that such an ( 
tunity is present in most cases and that the elei 
engineers seldom let such opportunities slip by. 
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Reduction of Transformer Exciting Current 

to Sine-Wave Basis 


BY G. CAMILLI 1 

Associate, A. I. E. E. 


reduction of exciting current to sine-wave basis ? f 7 

„ md m , tM M vcl ,„,z f TZ m 


for readinfth ° CTeSt ammeter ” (developed for this pLjgm 
^currents mStanlaneous maximum values of the correspond*, 

and To\J Me TT mtS are made at 100 Ter ‘cent, 86.6 per cent 
Mrd aZ «T, ageS - ^ data determine ^fundmeMi 
•tine harmontcs , °f tfle exciting current corresponding to 

nne-wave voltage and hence the exciting current itself, because Li 

eZTtiLfr'in 6 ° nlV important components in, determining Ihi 
effective value of the exciting current. . W\ l ; 

Theory of the crest ammeter is given, and its applicability (h 
saturation 11 WUh * ke flux v ° lt ™ter) to the determination of U 
indicated. " ^ ° f ^ ™ maffnetic ^stigatLn 


Introduction 

It is well known that the no-load losses, that is 
£TJr ^ 7 dting Cl?rrent) ° f a transf ormer are 

vXge w7l° n ^ h % WaVe Shape ° f the station 
ffl • g ' e t j le " Instltute rules provide that the 
efficiency rating of transformers must be based on sine- 
wave operation, it is known how difficult it is to obtain 
sine-wave voltage on a commercial scale for the testing 

of transform ers. Some scheme that will reduce core loss 

oS-SmTST M " E - L - ,0 ™““ A 

^ 7 ?^ Ti/:r ial MeHing ° f DistHct n °- 1 of m 

A. i. Ar. E., Pittsfield , Mass., May 25-28 , 1927. 


and exciting current tests to a sine-wave basis is 
ere ore a necessity, much more important now than it 
was some years ago, due primarily to the increased 
kv-a. capacity of transformers. This may be seen 
better by considering the fact that while the kv-a. 
capaci y of transformer units has steadily increased, the 
hw-a. capacity of generating units used for testing them; 
as not increased proportionately, and therefore the 
core-loss load on generators in testing departments is a 
muc arger percentage of the generator capacity than 
was formerly the case, with the consequence that m 
distortion is much larger* j 

In a paper presented to the Institute a year ago, 2 ! 
e writer described a new and accurate method for the 
re uc ion of transformer core-loss measurements to 
sme-wave basis, utilizing a flux voltmeter developed fori 
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hat purpose by the writer. The accuracy of the 
.eter and method was checked and endorsed by the 
ureau of Standards, 3 and it is understood that a 
number of research laboratories besides the Bureau of 
Standards have already adopted the scheme. 

Since the successful solution'of the problem of the 
reduction of the cote-loss component of the no-load loss 
measurements to sine-wave basis, the writer studied the" 
problem of the reduction of the exciting current com¬ 
ponent of the no-load measurement to sine-wav& basis. 

Two different methods were developed for the reduc¬ 
tion of exciting current measurements to sine-wave 
basis, as follows: 

Method I. In core-loss measurements, setting the 
voltage by the flux voltmeter, 2 the maximum flux 
density and therefore the maximum value of the 
exciting current are those corresponding to sine-wave 
voltage regardless of the waveshape of the test voltage. 
The effective value of the Reciting current, however, 
will be variable with the wave shape of the test voltage. 

To apply a tvave-shape correction to the observed 
effective valqe of the exciting current, it would be 
necessary to have some applicable measure of wave 
distortion. Now, form factor is one kind of a measure 
of wave-shape distortion and is given in a simple way 
by the flux voltmeter, and therefore it occurred to the 
writer that some simple relation might exist between 
form factor and effective value of the exciting current. 
Thus, indicating the values of form factors by F, 
and the values of the exciting current by Y, we may 
write as a general equation between these two variables: 

= <9+bF + cF 2 + dF 3 + . . . + fF n 

Equations of this type are frequently used in engi¬ 
neering probjems anfl are very convenient whenever it 
is found .that the terms above the first or second power 
are negligible. Tests were therefore made to deter¬ 
mine what approximation could be used, and it was 
found that all terms above the first power could safely 
be ignored; that is, the exciting current corresponding 
to sine-wave form factor may be extrapolated as a 
straight line function of the form factor. 


form factor = 1.11 x 


A-c. Voltmeter reading 
Flux Voltmeter reading 


In a dozen test cases, the error was not more than 1 per 
cent. With no correction applied, the error would have 
been up to 20 per cent, making the exciting current 
that much too high. 

Method II. In the foregoing, it was mentioned th&t 
in using the flux voltmeter the maximum flux density 
and therefore the maximum value of the exciting 
current are determined. Consequently, if a trans¬ 
former is tested at various voltages, observing the 
voltage on a flux voltmeter and the current on a 
crest ammeter (to be described below), points of the 
BrH curve of the transformer are obtained. Having 



the B-H curve, the effective current corresponding to 
sine-wave voltage can be calculated. 

It may appear at first as though this Would be a very 
laborious method, but it is extremely simple. Three 
readings, viz.: one taken at full voltage, one at 86.6 per 
cent voltage and one at 50 per cent voltage, (by the 
flux voltmeter), enable us to determine the fundamental, 
third-harmonic and fifth-harmonic components of the 
^xqting current corresponding to sine-wave voltage, 
and, since these are the only important harmonies, 
their resultant gives the total effective current for 
sine-wave voltage. In this method, the higher har- • 
monies are not entirely neglected, because they appear 
partially in the first, third and fifth harmonies by 
modifying their values. For greater accuracy, a larger 
number of readings 3nd. correspondingly larger number 
of harmonics may be included,- but this appears to be 
hardly necessary. When a large number of points is 



Fig. 1— H-B Curve by Means of the Crest Ammeter 

taken, it becomes unnecessary to bring in the harmonics 
at all, as the r. m. s. value of the exciting current for 
sine-wave voltage may be calculated by taking points 
ggui-distant in time. The harmonic idea is useful in 
obtaining a greater accuracy from a few points than 
would otherwise be possible. 

The B-H curve obtained by observing simultaneous 
values of B max and I max jyill be recognized to be the 
locus of the tips of the symmetrical hysteresis loops for 
various densities, as shown by the heavy line in Fig. 1, 
and therefore, intermediate between the ascending and 
descending branches of the loop for max imum (norfhal 
density). The error which this introduces i»to the 
exciting current calculation is that of ignoring the power 
component of exciting current corresponding to hystere¬ 
sis loss, which ordinarily may be neglected in the value . 
of the exciting current. The exciting current thus 
obtained lacks, therefore, the hysteresis loss .com¬ 
ponent; and therefore, if desired, this component may 
be added to it as determined by the core-loss test.. 
This refinement, however, appears to be hardly neces¬ 
sary, because tests show that exciting currents obtained 




' ' . ■ ■ ' ' 
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b ^ tf ‘ iS J n ? eth0d err 0n the safe side ; that'is, results 
obtained by the three-pomt method are a little larger 
than those obtained by direct sine-wave tests 
! Crest Ammeter. The principle underlying the func¬ 
tioning of the crest ammeter is as follows: In an air-core 
reactor, the maximum flux density, and consequently 
the maximum value of the current, is proportional to 


no. 2 —Use of the Chest Ammeter 

r 

“ meticaI avera S e valu e of the reactive voltage 

• J he p ™ of o f the theorem may be seen in the follow¬ 
ing way. Let e be the instantaneous voltage drop in the 


Fig. 3 (?rest-Ammeter 


Step-up Reactive Coil used 
with the ‘frert Ammeter" 


7200 Turns 
Equally 
Distributed 


I highest value 


I lowest value 


area of half-cycle = e. 


1 highest value 


L times 


maximum change in 
current. (6) 

therefore, substituting (5) and (6) in (4), Fig. 5- 

(h — t{) = L times the maximum change in the / 

current. former, A is an 

Since the maximum change in current ;« reactor and F is 

maximum value of the current e is nmn r, +• ^ f Kg- 3 shows 
maximum value of the current P prionaltot h e details of the ah 
The arithmetical average voltacm rU™ „„ ,, Fig. 5 shows how the 


/ lowest value 


alteration of the Crest Ammeter 
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The calibration is made by comparing the readings in 
the voltmeter V and the ammeter A* The calibration 
of this instrument corrects also for the slight error intro¬ 
duced into the readings by the fact that the shunt reac¬ 
tor cannot be of zero power factor required theoretically, 
but must have some little resistance. # 

B-H Curves by A-c. Tests Using Crest Ammeter * 
and Flux Voltmeter 

Usual methods for obtaining the B-H curve* of a 
specimen require the use of direct current and labora- 
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Tig. 


-D-c. Magnetization Curve Obtained by the Use 
of the Crest Ammeter and Flux-Voltmeter 


fcory instrunfents and methods unsuited for commercial 
best. It will be evident from the foregoing discussion 
jif the crest ammeter that B-H curves (not Hysteresis 
oops) can be obtained by very simple arid convenient 
commercial a-c. tests by men with no particular labora- 
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B, C.l.ll 1.12 1.13 


1-14 1.15 1.16 1.17 1.18 4.19 

FORM FACTOR 


1.20 1.21 1.22 


IG. 


-Method No. 1 for the Reduction of the Exciting 
Current to Sine-Wave Basis 


ory training, using the crest ammeter and the flux 
oltmeter, two sturdy portable meters. 

Although, in a way, it may be considered a disadvan¬ 
tage that hysteresis loops cannot be obtained by these 
Lmple tests, on the other hand troubles from residuals, 
nd need for proper demagnetization, etc., attendant on 
-c. tests, are entirely avoided in the a-c. tests. 

Fig. 6 shows the magnetization curve of a 2000-kv-a. 
cansformer obtained by this method. 


Test Data 

Method I. In the tests tabulated belovt»a given trans¬ 
former was tested on two or more generators of widely 
different wave shapes, or on the same generator but 
connected to different voltage diagram, .so as to obtain 
the exciting current for at least two different form 
factors. 

. The values so obtained were plotted in rectangular co¬ 
ordinates, and by extrapolation the exciting current 
for a sine-wave form factor was obtained. 

As a check, the same transformer was tested with the 
best generator available and the two results were com¬ 
pared and are tabulated below. (See Table I.) 


TABLE x 


« 

Rating 

' Form 
Factor 

Exc. I 

Remarks 


1.155 

24.1 

, 


•1.16 

24.2 


#-60-2000- C-2300/18,400/ 

1.215 

25.0 

See Fig. 7a 

32000 Y-2300/4600 Y 

1.31 

26.1 



1.56 

28.7 

' 


1.11 

23.6 

1 By extrapolation from 


1.11 

23.4 

/ Best wave test 

H-60-1000- 63,000 Y - 6925 - 

1.20 

20.19 

See Fig. 7b 

2400 

1.12 

18.76 

Best wave test 

-A__ 

1.11 

18.50 

By extrapolation 

#-60-1000- C-3 6*700/ 

1.19 

19.70 

See Fig. 7c 

63,100 Y-6925/12,000 Y-2400 

1.13 

18 



1.112 

17.6 

Best wave test 


1.11 

17.5 

By extrapolation 


1.19 

8.91 


#-60-667- C-23,000-2300/ 

1.13 

| 8.31 


4000 Y 

1.112 

8.16 

Best wave test 


1.11 

8.10 

By extrapolation 

#-50-2500- C-25,200-6300 

1.19 

19.9 



1.27 

20.8 


• 

1.11 

19.1 

By extrapolation K 

#-60-2000- C-34,700-2300/ 

1.13 

34.0 

See Fig. 7d. 

4000 Y 

1.24 

38.0 

* 


1.115 

33.0 

Best wave test 


1.110 

33.2 

By extrapolation » 


TABLE II 


$ 

Rating 

Form Factor 

Exciting 

Current 

#-60-667- C-13,200-2400 

1.170 

9.64 


1.121 

9.40 


1.11 (By extra.) 

9.36 

W C-25-3333-45,100/78,000 Y-2200 

1.155 

47.6 


1.125 

45.4 


1.11 (By extra.) 

• 

44.3 

#-60-833- C-22,000-2300 

1.21 

29.3 


1.15 

26.25 # 


1.11 (By extra.) 

24.3 

* ' 

#-60-500-C-12,500-2300 

1.155 

7.90 


1.12 

7.25 


1.11 (By extra.) 

7.06 

#-60-500- C-4000-2200 

1.145 

8.64 


1.115 

8.34 


1.11 (By extra.) 

8.24 


The data in Table II are taken from the records of an 
earlier core-loss investigation 4 and illustrate the fact 

4. G. Camilli, A Flux Voltmeter for Magnetic Tests , Journal 
A. I.E.E.,Oet. 1926. 
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1 that the exciting current is a function of the form 
factor and increases with it. 

^Method II. In using this method, a given trans-- 
former is tested at three different voltages: viz.; 50 per 
cent, 86.6 per qent and 100 per cent (set by the flux 
voltmeter), and value of the current corresponding to 
each voltage is measured by the crest ammeter. With 
the help of these data the effective value of the exciting- 
current is calculated. (See Appendix B.) 

As a check to the value of the current obtained by this 
method, six transformers were tested also with the best 
wave shape available, and the results are compared 
below. r 
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corresponding to 86.6 


'momc 


5th harmonic 


From which 


effective for sine wave 


Error of era 
ammeter meth 


#-60-667-C-33,000-2300/4000 Y 

#-60-3333-C-13,200 Y-2300/ 
4000 Y # 480 


#-60-2000-069 >300-2400/ 
4160Y-#/:># 


#-60-2000-02300-23,000 

#-60-4000-023,000-4200/ 
7260 Y 


» ' ’ Appendix A ' 

. In using Method I, instead of gra; 
tion, calculation may be made 1 
follows: 

Calling the value of current I L at 
(for instance, the higher form factor) 
factor F 2 (the smaller form factor), the 
current I at sine wave may be exnresst 


FARM ELECTRIFICATION 

:trapola- Agriculture in Italy is under the hi 
rule as too much or too little water. In sc 
seasonal rains would be quite suffici 
ictor Fx could be used to benefit the crops, bu 
at form away leaving the soil dry. In other 
exciting is swampy and the excess of water n 
before it can be efficiently utilized, i 
under the most favorable conditions, ! 
- wheat-consuming nation, is obliged b 

own wheat production by heavy impo 
crop sometimes varies as much as 40 ] 
produced 4,400,000 tons in 1922 and 6 
,, 1923 >. although the area under cultn 

letnod), practically unchanged. 

idinff tn i n0rt ^ ern h&ly, where the water 

voltage ? an in 0ther parts ’ the gf^test prog] 
es i/p the use of electricity. A network 
* f 1StS and the av ailability of electric e: 
ffectivp dUrmg sunil i i er months when agric 
is also greatest. In this section of tb 
, . tricity has been applied to many pur 

per pumping of water, plowing, harrowing, 


sine wave 



] ~---~ 

Exciting current 


0 

« 

Rating 

#-60-2000- C-73,000-2520 

Exciting current by 
crest ammeter 

79 

by conventional 
method, a-c. 
ammeter 

Exciting current at 
sine-wave voltage 

Error of conven¬ 
tional method, 
per cent 
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Mechanical Forces Between Electric Currents 

and Saturated Magnetic Fields 

BY VLADIMIR KARAPETOFF 1 


Fellow, A. I. E. E. 


Synopsis*—The general case*considered is that of N -independent 
ctric circuits placed ir? a medium of, variable permeability and 
bject to saturation, in parts or as a whole. The problem is to 
termine the component (in a given •direction) of the mechanical 
ce acting upon one of the electric circuit upon a gr&up of 
cuits, or upon a group*, of circuits with part of the magnetic 
dium rigidly attached to them. It is believed that the problem 
s not been solved in this general form heretofore. 

Use is made of the expression for the stored electromagnetic 
energy, W, of the system, assuming ' all the electric circuits to be 
originally open and then closed one by onf. Such a treatment 
necessitates a number of partial saturation curves, giving the link¬ 
ages with each individual electric circuit when some of the remaining 
circuits are closed and the rest are open. A virtual displacement, 


8 s, is then given to the part of the system under consideration, 
keeping either the linkages or the currents constant, and the mechani¬ 
cal force, F, is determined from a comparison of the work done, 
F. 8 9 , with the change in the stored energy, 8 W. 

It is shown that the familiar reciprocal relationship for the 
mutual inductance, M 12 = M 21 , which holds true in a medium 
without saturation, can be generalized to a more involved integral 

expression for a saturated medium. 

In* order to connect the general treatment with the simpler cases 
previously solved in the literature of the subject, some intermediate 
cases *>f one and two circuits are considered, especially those of Im¬ 
portance in applications. The.substance of the general method used 
was presented before the American Physical Society, at the Phila¬ 
delphia Meeting, in December, 1926. 


. , Introduction 

C ONSIDER a system of.stationary linear electric 
circuits ill each of which a steady direct current 
is maintained by a suitable source of energy. 
Let these circuits be sufficiently close to each other to 
influence each other’s magnetic fields.' For the sake of 
generality, assume the medium to be of variable per¬ 
meability; that is, let the permeability at a point be a 
scalar function of the position of the-point. Moreover, 
let the medium be subject to saturation; that is, let the 
permeability be a function of the resultant flux density 
at that point. 

Generally Speaking, the system can be maintained in 
its given position only by some.external mechanical 
forces or constraints, preventing the individual circuits 
from moviqg into a more stable position in the direction 
of maximum stored energy. The problem is to find the 
values of these mechanical forces for any individual 
circuit or part of the system. Since each circuit may 
require a force and a couple to hold it stationary, the 
problem may be formulated thus: To find the magni¬ 
tude of the projection of the force (or of the turning 
couple) with which a given circuit tends to move along 
(or to rotate about) a given axis. 

In its most general form, with variable permeability 
9nd saturation, the solution of the rproblem leads to 
Sjuite complicated equations. Moreover, many less 
general cases are of greater importance in actual ap¬ 
plications, and a physical interpretation of more general 
cases is facilitated by a previous study of simpler 
combinations. For these reasons, the treatment in this 
article follows the order “from specific to general,” 
even though a treatment in the opposite order might 
lave been somewhat shorter. The notation and the 


units are those used in the writer’s “Magnetic Circuit,” 
(McGraw-Hill Book Co.), and the references are to the 
pages of that book, unless stated otherwise. 

Ia.. A Single Circuit in a Medium of Constant 
. Permeability 

Consider the coil shown on page 178. The electro¬ 
magnetic energy stored in it is expressed by equation 



1. Professor of Electrical Engineering, Cornell University, 
•thaea, N. Y. • 


(102a), and from this expression, together with the 
eabihty definition 

r r l«s w. 0.5Li-. (1) 

;ual ap- follow e( * uations ( 105 ) and (106) for the coefficient .of 
general se F'inductance. The same expressions hold true, in a 
simpler medium of constant permeability, for an Electric 
t in this c ^ rcu ^ a ny form, not necessarily a coil, 
meral ” ^et a arcu ' t ’ Fig. 1, be of such a shape that its mov- 
r might able part ’ C’ ten ds to approach the stationary part, H, 
md the with a force » F > unless held in place by an external 
force, — F. It is shown on page 251, equation ( 182 ), 
liversity, that 

t onne F ~ 0.51 2 d L/d s ( 2 ) 

where s is the distance from an arbitrarily chosen 
897 i. 


Presented at the Regional Meeting of District No. 1 of the * - 0.5 I 5 L/5 

F I. E. E., Pittsfield, Mass., May 25-28,1927. where S is the distance from i 
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S e cui C ° ri t «±h° S ° me , point D on the P art c of the 
circuit;. In other words, s is a coordinate which de- 

t mines the position of C, and s increases when the 

two parts of the circuit come closer together*. 

thedrcuit wuffi an u ROt St ° PPed by H ’ the P ar t C of 
he^ circuit wiir finally come into a position in which 

f nd smce ln this position there is no force 

The dl c n nL°F m °l e ° farther ’ the motion wiI1 stop. 
The condition F = 0 means 8 L/8 s = 0, or L = foax 

inductanTT t0 aSmme a P ° sition of 

a Sw non - li,lear deformable conductor, suet as 
a bath of mercury or of molten metal, the meehani- 

o?th»rS d ‘° m ° dify Reshape of the S y 

of the liquid for a maximum of stored electromagnetic 
energy, consistent with the shape of the conWner 


Journal A 


The 1 " ten WitH the shape of the container. Let now a coil or an electric circuit of any ki 

the cross-sent, 'nr,3° 1 r CreaSe thedength and to contract p a ^ d m a position wherg.the magnetic lines of for 
ection . In some cases this tendon pv fnr P ar tly m the air, partly in iron, flip 


8 (P/S s = - 8 G>/8 a = - § (R-'/S a 

= ('S'r 1 + Sr 1 )/? 

Hence, disregarding the change in the partial Jin 
eq. (2) gives 

„ F = °- 5 p &~ 2 (Sr/ + Sr 1 )/n 
But J n o R-i is the total flux of complete linkage 
In®. 1 S 1 1 is the corresponding flux density i: 
inner air-gap. Hence, hq. (5) may also be writ! 
the form 

F = 0.5 BJSrfu + 0.5 B/ S 2i ff 
which agrees with eq. (169), and is the usual for 
or the supporting force of a lifting magnet. 

Ic. A Single Circuit in a Composite Mei 
Part of Which is Subject to b Saturation 
Let now a coil or an electric circuit of any ki 


( 4 ) 


(5) 


[UM, 


the cross-action 3 . In some cases”ftis”ientoWte 

’nThC/h HUX h ” kagcs results "> a continuous motion, 
snob s m °tor* With liquid conductors 

SSng Z/T ", lttili2ed tor automatically 
g ^ oIten me tal m an electric furnace 4 . The 
writer ^ fully recognizes the value of the late Dr 
tiering s ingenious experiments and of r his work 
on electric furnaces; he only does not sSe the neces- 

nhL 3 t0 interpret the ^served 

phenomena. As has been pointed out by several per¬ 
sons ln the discussion of the above paper, the relation- 
ship expressed by eq. (2) is sufficient to interpret the 
observed forces and motions. 

Ib. A Single Circuit in a Medium Whose Per- 
n meability Varies from Point to Point But is 
Independent of the Flux Density 
In such a medium, magnetic lines of force obev the 
law of refraction (page 119). With the same exciting 
circuit, the magnetic field has a shape different from 
that m a medium of constant permeability. Never¬ 
theless, all the flux densities are proportional to the 
exciting m.m.fs., and the field retains its general 
shape as the m. m. f. is increased. Consequentlv 
eqs. (1) and (2) still hold true, hut values of L have to be 
determined for the actual elementary permeances as 
they enter in eq. ( 105 ) or ( 106 ). 

As a simple example, consider the lifting magnet 
shown on page 243. Let the reluctances of all the iron 
parts be constant and let their sum be denoted by 
®x. Then, if the length of the air-gap is a, the total 
reluctance of the magnetic circuit is 

® = <p-i = tRi + (a/p,) ( Sr 1 + Sr 1 )' (3) 

and w 


2. In this investigation, the variation sign 5 is used to indicate 
a change with respect to s. The differential sign d is reserved to 
indicate a change with respect to the current. 

3. For some ingenious experiments illustrating spontaneous 
adaptation of various circuits to a shape of maximum energy 
storage, see Carl Hering, Trans. A. I. E. E., 1923, Vol. 42, p. 321. 

4. Ibid., Bibliography on p. 326. 


, . uiagucuu or io 

^ L. r j? m a * r > P artJ y tP iron, the latter being 
what saturated at the assumed valfies *of electrii 
current. To determine the mechanical force F betweei 
some two parts of the magnetic circuit, we shall assigi 
o these parts a virtual relative displacement 8 s in 
the desired direction s, and let this displacement occur 
at a constant current. 

If o S has a component in the direction of the low 
tudinal tension along the lines of force, the flux and the 
stored energy will be greater in the final than in the 
initial position. We then have for .the final position: 

eI8t = FSs‘+8 W (j) 

where - e is the voltage induced in the circuit during the 
displacement, and + e is the voltage applied from an! 
external source to keep the current constant; 81 is the 

tl ] me during which the-displacement occurs, 
and 8 Wis the increase in the stored elefctromagnetic 
energy, * \ 

In Fig 2, let O A be the saturation curve of the cir¬ 
cuit m the initial position and O A' that in the final 
posi ion. The current, i, is plotted as abscissas and the 
corresponding flux linkages, <f>, as ordinates. By <j> k 
meant the sum of the fluxes linking with the individual 
turns. For example, if the circuit consists of three i 
turns, and the actual fluxes linking with these turns are 
. ’ f/ 5 ’ and 2 - 7 kilolines respectively, then 6 = 8.2 
o mes. The actual value of the current at whieh the 
torce t is to be determined is I and the corresponding 
sum of the linkages is <£. 

Since the magnetic flux is a function of both the 
current i and the position s, it is necessary to dis¬ 
tinguish between two increments of 4>, which in Fig. 2 
are denoted by d <f> and 8 <j> respectively. The incre- | 
men d> is the increase in the linkages, at a constants, 
when the current increases from i to i + di. The 
increment 8 <j> is the increase in the linkages, at a con¬ 
stant current i, when s is changed to s + 8 s. If d <j> be 
called the differential of <£, then 8 <f> is th e variation of 
<P- In equation (7) 

e = 8 $/5 1 (8) 
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the symbol 5 signifying that the current I is kept con¬ 
stant while s varies. 

To find an expression for the stored magnetic energy, 
it is necessary to compute the electric energy pat into 
.the circuit to establish the current I in the position s. 
During the process of building up the current, let t^e 
linkages increase tfy d<f> when the current increases 
from i to i + d i. This is shown by the lengths c g 
and g h in Fig. 2. The induced voltage is — d 4>/d t and 
thejelectric energy supplied by the external source is 
i (d 4>/d t) d t = i d <f> (9) 

This energy is represented in Fig. 2 by the strip 
b h c. The total stored energy in the position s is 

W = fi deb (10) 

o 

and is proportional to the area C N 0 cC. The energy 
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* # 
namely, that the variation of a differential is identically , 
equal to the differential of the variation 5 . Using on the 
fight hand side of eq. (13) the familiar transformation^ 

f %dy = xy— f ydx (13a). 

we finally obtain 

• F = f (8 4>/8 s) d‘i (14) 

• o 

Equation (14) can also be proved by assuming the 
virtual displacement to occur at constant linkages, 
that is, under the condition . • . 

. 8 <f> = 0 (14a) 

With this assumption there is no interchange of 
energy between the* electric source and the magnetic 
circuit, so that the mechanical work is done at the ex¬ 
pense of the stored magnetic energy. We therefore 
have • 

F8s + 8W = 0 
or 

i 

F8s + fid84> = 0 (14b) 

o 

Integrating in parts, this becomes 


F 8 s + I 8 <p ■ 


f 8 <j>di = 0 
o 


According to eq. (14a), the middle term is equal to 
zero. Solving for F, eq. (14) is obtained 6 . 

The area of the strip C' 0 C may be thought of as 
consisting of elementary parallelograms, such as 
mqhc. The area of this parallelogram is — 8 i. d<j>, 
the minus sign being necessary because 5 i is a negative 
quantity. Hence., according to formula (44) in the 
Appendix, we have • • 

$ 

F = - f (8i/8s) deb (14d) 


in the position s + 8 s, at the same current I, differs 
from W by the amount 

i 

8W = fi 8d<j> ( 11 ) 

0 

which is obtained from eq. (10) by partial differentia¬ 
tion with respect to s. 

It is permissible in this case to* put the variation 
symbol 5 under the integral sign, since the limits of 
integration are independent of <f> or i. 

Substituting now the expressions (8) and (11) in 
eq. (7), we get 

I • 

18 0= F 8 s + f i d d (f> (12) 

o 

or, solving for F, 

F = I (5 4>/b s) - fid (5 4>/b s) (13) 

expression, the symbols S and d are inter¬ 
changed under the integral sign, in accordance with the 
fundamental theorem of the Calculus of Variations; 


This is a useful modification of formula (14). 

% If 0 is given as a function of both i and s, all the 
operations on the right hand side of eq. (14) may be 
performed, at least approximately, and the value of 
F determined. When the force is a simple tension in a 
small air-gap, as in Fig. 68, it is not necessary to use 
eq. (14). The force can be computed according to 
eq. (169) even though the core is saturated. Some 
inaccuracy is introduced, however, in those dines of 
force which are not normal to the faces of the air-gap. 

When saturation is, negligible, eq. (14) becomes 
identical with eq. (2) because in this case 

(t> =iL (15) 

so that * 

8 0/S s = id L/S s ( 16 ) 

5. In this particular case, the truth of this statement may be 
seen directly from the fact that d 2 <f>/did$ — d 2 <f>/ds di, 
the value of the second derivative being independent of the 
order of differentiation. 

6 . See Appendix. 
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Thus eq. (14) becomes • mg, such a displacement will modify the vain 

"f = f (8 L/8 s) i di . ^ 2 ’* ai ?d » since tlie Position of the coils 

o ‘ respect to the iron masses will be changed and the 

Without saturation, L is independent of i, so that distribution will be dilferent. The energy furnish? 
d L/d s may be taken outside the integral sign. The the eIec trical source 1 during the displacement will 
resultis . o • h iji 8 Li +1 2 § M), 

. . , . F °' 5 p ( ' 5 s) ( 17 ) while that furnished by the source 2 will he 

Which is identical with eq. (2). . * / 2 ( j 2 5 Lf + J, 8 M). 

IIa. Two Circuits in a Composite Medium with increase in the stored energy, according to eq. i 
, . Constant Permeabilities is 

Let there be two separate circuits, 1 and 2, each ^ o Li + L l 2 o M + 0.5 I 2 2 8 L 2 . 

supplied with a constant direct current from a separate Hence, we have 

source. Let the medium he partly air and partly ir»n, F 8s + (0.5 1/8L : + hl 2 8 M + 0.5Z 2 2 8 L,) 
the permeability of the latter.being assumed to be = h (h 8 L, + 1*8 M) + I (T ft T i_ t s 
constant for all flux densities, from zero to the highest or after reduction * 

for which the mechanical force is to be computed. v ’_ n _ T „. r s ’ 

The first step is to determine "the magnetic energy * “ °* 5 ^ r 5 Wo s + hl^S M/8 s + 0.5Z 2 2 8 L 2 /S s 

stored in the system. Let the circuit 2 be in place, • i 

excited with the final value of its current, I 2 , and let This is a generalized form of Kelvin’s law, to 
the circuit 1 be initially open. When the switch of the e ^ ee ^. (with constant currents and constant per; 
circuit 1 is closed, let the voltage of the source 2 be so abilities) the energy supplied by the electric soui 
regulated that the current Z 2 remains constant while during a displacement is divided into two equal pa 
the current in the circuit 1 rises from zero to its final 0ne . half is converted into mechanical work; the ot 
value Zj. Let Mi 2 be the sum of the flux linkages in ^ a ^ increases the stored magnetic energy of the systi 
circuit 2, due to one ampere in circuit if Then the Conversely ’ if mechanical work is done on the sysfi 
instantaneous voltage induced in the circuit 2, when Piling it apart, the energy returned to the source 
the current in circuit 1 increases from some value i l to equal to twice the mechanical work done, the other! 
i\-\- di h is — M l2 d ii/d t. Hence, the total energy c °ming from the reduction in the stored magne 
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* * . " * 

The subscript 20 (read two-o) mean§ “linkages of the h 

circuit 2 when the current in circuit 1 is zero.’’ When F 8 s + f tj <5 d <f> 12 + Z 2 (5 $,, — §$ 20 ) . 
the current in the circuit 1 is increased from zero to its * 0 h 

final value, I h the flux linkages of the circuit 2 are + f i 2 8 d <p 20 = I x 8 $ 12 + I 2 8 $ 21 (28* 

changed from $20 to $ 2 i, where the subscript 2 again 0 

indicates circuit 2, end the subscripts 0 and 1 indicate Cancelling Z 2 8 $ 2l on both sides of this equation, 
the initial and the final values (0 and h) of the current and using the transformation (13a), we get 
in circuit 1. Since the change in the linkages occurs . • Ii h 

at a constant current I 2 , the amount of energy furpished F = f (8 <p 12 /8 s) d i l + f (o <j> 20 /8 s) di 2 (29) 

by the source 2 is I* ($ 21 - $ 20 ). This is the middle 0 0 

term on the right-hand side of eq. (23). The energy In eq. (28), expression (23) for W is used. If eq. 
stored in the circuit 1 is given by the first term on the (24) be used instead, the subscripts 1 and 2 in eq. (29) 

right-hand side. During the interval of time when the woyld become interchanged, and we should get 

flux linking with this circuit is being built up, the t h ” 

current I 2 remains constant, as indicated by the double F = f'{8 $ 2] /o s) + f\s <£ 10 /5 s ) d i x (30) 

subscript 12. Efq. (24) is obtained from eq. (23) by 
interchanging the subscripts 1 and 2. On the supposi¬ 
tion that the phenomenon is reversible and the value of 
the total sjor^l energy is th*e same, no' matter which 
circuit is closed first, the left-hand sides of both equations 
are denoted by the same symbol W. 

Equating the right-hand sides of eqs. (23) and (24), 
we obtain the following “reciprocal” relationship: 

h h 

f d A <f>! + J 2 A $ 2 = f i 2 d A 0 2 + h A $ x (25) . 

O'. o and 

where <^> 2 o ~ it Zj 2 • (32) 

A <t>i = </>!2 - <?f>io (26a) Hence, 

and 8 cf> X2 /8 s — i x 8 Li/8 s It 8. M/8 s (33) 

A <f) 2 = <f> 2 i — </>ao (26b) 8 $ 20/8 s = i 2 8 L 2 /8 s (34) 

The symbol A in application to 4>! stands for the im Substituting these values in eq. (29), and remember- 
crease in the linkages of circuit 1 due to an increase in ing that L u L. 2 , M, are independent of i x and it, we get 
the current io from 0 to I 2 , the current i x remaining j l 

constant. In application to <f> 2 tfie symbol A stands for F = (8 L x /8 s) f‘i x d i x + J 2 (8 M/8 s ) •/* d i x 
the increase In the linkages of circuit 2 at a constant 0 ' /, H 0 

current u_' when i x is changed from 0 to II + (5 L 2 /8 s) f i 2 d u (35) 

Applying the transformation (13a) to the two inte- 0 0 . 

grals in eq. (25), we obtain after reduction After integration, this expression becomes identical 

u ' with eq. (21). 

f A cj> 1 d i x = f ’A 4 > 2 d i 2 • (27) * In or der to perform the operations indicated in eq. 

(29), <£12 and <f> 20 must be given as functions of the dis¬ 
tance s and of the currents i x and i 2 . Such saturation 
curves, for different values of s, can either be estimated 
by computation or obtained from test. The value of F 
can then be determined graphically to a desired degree 
of accuracy. Or else, </> 12 and may be expressed as 
empirical functions of s, i u and f 2 , and the integrations 
performed analytically. 

IIIa. N Separate Circuits in a Composite Medium 
With Constant Permeabilities 
This is a generalization of the Case IIa. The .first 
step is to compute the total stored electromagnetic 
energy. Let the circuit 1 be closed first, then the circuit 
2, etc. With two circuits, the total stored energy is 
expressed by eq. (19). When the circuit 3 is closed, 
its own stored energy, 0.5 1/ L 3 , is added, and more 
energy must be furnished by the sources 1 and 2 in 
order to keep the corresponding currents constant 


Eqs. (29) and (30) are the general expressions for the 
mechanical force between two electric circuits in a 
medium subject to saturation. Since eq. (30) may be 
obtained by combining.eqs. (29) and (27), expressions 
(29) and (30) are identical. 

As a special case, and as a check on these formulas, 
consider the condition of no saturation. Then 

(pit = Lj i x MI 2 (31) 


Eq. (27) is a generalized form of the relationship 
M i-> = M 2 i , when saturation is to be taken into con¬ 
sideration. Four saturation curves must be thought 
of in connection with eqs. (25) and. (27), namely, 

between i\ and Oi when i 2 = 0 
between i x and $1 when i 2 — I 2 
between i 2 and <£2 when Ii = 0 

between i 2 and <j> 2 when i x = I, 

Eq. (25) or (27) gives a necessary physical condition 
which these four curves satisfy. 

Without saturation, A fa = M 12 1 2 , and A <f> 2 = 
M n lj. Eq. (27) simply becomes: M 12 h h = 
M 2 i hl 2 , or M 21 =M n . ' 

? Using the value of 5 W from eq. (23), the condition 
expressed by eqs. (7) and (20) can now be generalized 
as follows: 
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- during the transient period. -These latter amounts of 
energy are equal to h I t M n and J 2 1> M, :i respectively. 
Thus, the total stored energy of the three circuits is 
W = 0.5 If Li + 0.5 If Li + 0.5 If L s + M l , I, Z 2 
+ -®23 L 1 3 + Mu I» Ii (35a) 

Extending the same process to N circuits, we may 
write 

c- TV = 0.5 2 If Lb -f- 2 1^ I u M ku (36)* 

In this expression, k and u have all the integer values 
from 1 to N inclusive, and in the second summation the 
c subscripts correspond to combinations, and not to per¬ 
mutations. This means that if, for example, the 
values of k = 2 and u = 5 have been used in a term, 
the values k = 5 and u = 2 cannot be used any mere. 

Let now some of the circuits be combined into a 
subsystem, and be given a common virtual displace¬ 
ment, 5 s, with respect to the remaining circuits, all 
the currents being kept constant. For the sake of. 
generality, assume that this displacement causes a 
change not only in the coefficients of mutual inductance, 
but in those of self-inductance as well. The energy 
furnished by the electric source in the Mi circuit is 
SW k = I k [I k 8 L k + 2 J, 5 Mm,] ' (37) 

Here v denotes any circuit except the Mi; that is, 
v has all the integer values from 1 to' k -m 1 and from 
k + 1 to N. Eq. (20) becomes 
F 8s + 0.5 Z If 8 L k + 2 I k I u 8M ku 

= 2 If 8L k + 2 {I k 2 I v 8 M, n .} (38) 

The last summation on the right-hand side of this 
equation contains the same terms as the last summation 
on the left-hand side, only each term enters twice, 
because each source of voltage is here considered sepa¬ 
rately. Thus, we find that Kelvin’s law holds true also 
in this case, and by analogy with eq. (21) we may write 
F = 0.5 2 If 8 L k /8 s + 2 Ikl u 8 M ku /8 s (39) 
Depending on the particular circuit or circuits for 
which the force F is sought, the derivatives 8 L/8 s and 
SM/Ss have different values. Thus, it may be re* 
quired to determine the mechanical force acting on a 
winding alone, or on a winding with the corresponding 
iron core, etc. In each case a virtual displacement 
must be assumed to take place for the part or parts 
under consideration, with respect to the rest of the 
system. 

r 

m§- N Circuits; Part of the Medium Subject 
to Saturation 

This is an extension of the case treated under IIb. 
The method is the same, only the subscripts become 
# more numerous and involved. For this reason, it has 
been deemed sufficient to show the deduction of the 
final formula in application to three circuits only, since 
with N circuits each flux <£ would have a subscript 
consisting of N numbers of different order. An exten¬ 
sion of the reasoning given below to four or more cir- 1 
cuits is quite evident, and the final formula for N * 
circuits is written directly. 


Jill 

RShE 




To compute the stored energy, we shall assume 
the circuit 1 is closed first, then circuit 2, and fi 
circuit 3/ By analogy with eq. (24), changing son, 
what the order of the terms, we may write the followin 
expression for the total stored energy correspond^ 
t(j the final values of the currents: • 

. J i. h' »/ 3 

W = J* i x d oo + f i 2 d 0 2 io + f izd 0 319 

o o # o' 

•+ 1 1 ($123 — $l()o) + 1 2 ($213 — $ 210 ) 

In this expression, the first integral represents 
energy stored in circuit 1 when i 2 = i 3 - 0. 1 
subscript 100 (read one-o-o) means “flux linkage 
circuit 1, when the currents in the other two cir 
are equal to zero,’ 7 The second integral represe 
the energy stored in circuit 2 when the current in 
circuit 1 has already reached its full value, while t. 
in circuit 3 is still equal to zero. This is indicated 
the subscript 210. The third integral represents 
energy stored in circuit 3, # and the substrip4 312 I 
cates that the currents i x and i 2 hav^ reached 5 
maximum values. • 

The term J r ($ 123 — $i 00 ) represents* the enc 
furnished by the source 1 in order to keep the cum 
1 1 constant when the currents in the other two eta 
are being increased from zero to their final vaL 
Similarly, the last term gives the energy furnished 
the source 2 when the circuit 3 is closed. 

Let now a virtual displacement, 8 s, be allowed 
occur in one part of the system with respect to I 
other, keeping all the currents constant. The ener 
furnished by the three sources is equal to 

1 1 ^ $123 + Io 8 $213 + I 3 8 $312 . II 

Writing an equation similar to eq. # (28), and usr^ 
transformation (13a), we get, by analogy with eq. 
with a reversed order of terms: 


Mpl 

mm 


Hf 


11 


■ 


Kill 


F — S (8 0ioo/5 s) dii + f (8 0 2 - 
0 0 

13 

+ f (S <£ 312/5 s) d ii 
0 


f (5 <£ 210/5 s) d ii 






m 


m 


In order to determine F from this equation, the flux 
linkages <£ 10 o, <£ 210 , and <£ 312 must be given as fund 
of s and of the corresponding currents. In pra< 
cases, advantage may be taken of certain simpl 
tions due to the arrangement of the circuits or tc 
particular shape of the saturation curves. Since 
total stored energy is independent of the order in wa 
the circuits are closed, certain “reciprocal” relatic 
mpst hold true. These may be deduced by aj 
with eqs. (25) and (27). 

Extending now the formula (41) to N circuit 
ik 

F = 2 f (5 <£ s /5 s) di k 
0 

This expression consists of a sum of N intev 
responding tojthe values of k from 1 to N. 
script q\ is as follows: 

q = k(k- 1) ... . 21000 .... 


MiaMi 

iHl 


SHI 


■ 
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This means that for the* icth circuit tlje saturation 
rve between i k and 4> k , used in eq..(42), must be the 
one which obtains with the currents I k , I k ^T, I k _ 2 , 
I 2 , Zi at their full values, while the currents 

i, ik +2,., in, are all equal to zero. 

Literature References. Comparatively little has been 
done on the genefgl theory of mechanical forces tn 
magnetic circuits, especially taking saturation into' 
account. Some recent articles, of applied nature, are 
listed below. References to earlier contributions will 
be found in these articles. 

Doherty and Park, Mechanical Force between Electric 
Circuits) Am. Inst. Elec. Engrs., Trans., 1926, Vol. 45, 
p. 240. 

Lehmann, The Calculation of Magnetic Attraction-, 
Ibid., p.383. • 

Hague, “Forces Acting on Conductors Near Iron;” 
World Power, 1926, Vol. 5, pp. 424 and 205. 

Hak, “Qalcglation of Mechanical Stresses in Reac- 
nce Coils;”- Efek. u. Masch., 1924, Vol. 42, p. 17. 
Lienard, Revue Gen. de I’Elec., 1923, Vol. 14. p. 563. 

Appendix 

It is shown in connection with eq. (10) that the mag¬ 
netic energy stored in a saturated circuit (Fig. 2) is 
presented by the area C NO cC. Similarly, the 
;ored magnetic energy, after the displacement, 8 s, 
as taken place, is proportional to the area C N 0 
When this displacement occurs at constant 
linkages $, the mechanical work is done entirely at the 
expense of the stored magnetic energy. Consequently, 
the curved mfinitesimal strip C' OC represents the work 
ne, F 8 s, so that 

F'= (area of strip C’ 0 C)/8 s . (44) 

This expression permits the visualization of the relations 
and also the solution of some special cases. Consider, 
for example, a saturated electromagnet with a small 
r-gap (a lifting magnet). Within a certain range of 
'all values of air-gap, the lines of force in the gap may 
assumed to be straight lines, normal to the iron 
rfaces, and the flux in the iron parts may be considered 
to follow the same paths and to have the same leakage, 
independent of the magnitude of the gap. In other 
words, within a certain range of gaps, the same satura¬ 
tion curve may be used for the iron, and only the 
exciting ampere-turns for the air-gap changed. With 
this limitation, the area of the strip COC may be 
obtained from the air characteristic alone. For the 
air-gap we have . 

IT = (*.T) (s„— s)/(n A) (45) 

here I T are the exciting ampere-turns; s„ and s are 
ome distances whose difference gives the length of the 
air-gap; A is the cross-section of the magnetic path 
in the air-gap, and ja the absolute permeability of the 
air. T being the number of turns, the linkages $ 
divided by T give the actual flux. From eq. (45) • 


TSI = - (fb/T) 8 s/(fi A) * (46) 

With the foregoing assumptions, the strip C' OC be¬ 
comes a triangle, so that * 

area C’ 0 C = — 0.5 5/ . <f>. (4?) 

The minus sign is necessary because 81 is a negative 
quantity. Substituting this expression in eq. (44), 
and using for 8 I its value from eq. (46), we get 

* . F = 0.5 A B*/n (48) 

where B is the flux density in the air-gap. Expression 
(48) is the usual formula for the lifting force of an 
electromagnet. 

The same result may be obtained from eq. (14d). 
Wfth the limitations stated above, the saturation curve 
for the whole electromagnet may be written in the form 
T i = \p (<f>) + C<t>/T) (s 0 — s)/(p A) (49) 

where the function f (<f>) is the m. m. f. required for the 
iron parts. At a constant <f>, 

di/Ss = - ft/■!*)/fa A) (50), 

Substituting in eq. (14d) and integrating, will give 
eq. (48). 

PORTABLE LAMPS DEMONSTRATE 
DESIRABILITY OF SHADED LIGHT 

It has takSn certain branches of the electrical indus¬ 
try interested in lighting a long time to learn that more 
and better lighting involves proper shading and diffusing 
of light. For example, lighting fixtures have been 
designed and sold without shades. Even some “mod¬ 
ern electrical homes” have been opened to the public- 
without demonstrating the desirability of shades on 
certain brackets and ceiling fixtures. After years of 
effort on the part of certain exponents of good lighting* 
the electrical industry is beginning to awaken and bestir 
itself to the commercial possibilities of better lighting. 
The homes of this country need more light, but this 
cannot be sold easily and permanently unless the princi¬ 
ples of good lighting are used as a vehicle. 

The public is not alone in its ignorance and indiffer¬ 
ence. Many persons in companies which are in a posi¬ 
tion to aid the better lighting activity in the residential 
field are not conscious of t]je value of shaded light. To 
these the portable lamp conveys a convincing message. 
Many millions of these are entering the homes yearly. 
They have combined decorative" and utilitarian value. 
The public has accepted them without much effort on 
the part of organizations promoting better fighting. 
Would they be acceptable if they were not equipped 
with shades? 

Every dealer or salesman who is not convinced that. 
shaded light is of primary importance should take the 
shades off the portable lamps in his home. How un¬ 
bearable would he find this condition of glaring light! 
Then he might try to sell portable lamps without 
shades. Again he would learn a lesson.— Electrical 
World. 




The Most Economical Power Factor 


4 Practical Design Formula for Distribution Circuits 

BY H. S. ^LITCHFIELD 1 


Synopsis. — Th e use of power factor corrective devices on dis¬ 
tribution circuits is justified, under certain conditions, by rather 
substantial savings in investment charges and by a reduction in the 
power losses of the system. The object of the present paper is to 
develop a practical working formula for calculating the most ecofhom- 
iml corrected power factor for a distribution circuit. Most econom¬ 
ical conditions are assumed when the total of such annual circuit 
emis m are directly affected by a change in power factor, is a 
m ltd mum. 

The usual methods for computing separately , the saving in I % R 
bmm and the decrease in investment charges due to power factor 
improvement, are inadequate. Particularly in the design ojh new 
c irmils and extensions has the need for <£ more accurate method for 
calculating optimum power factor and conductor sizes been expressed} 
Since these equations were originally worked out , two other 
miniimm for the most economical corrected power-factor angle 
hm hem published , each having been obtained independently of 
ike other. Menjelouf obtained his formula in the form: 

a sin 6 = 1 — p tan 6 

in which & is the power-factor angle and a. and p are constants 
computed from the circuit costs. Stevenson* obtained a similar 

espretrion: 

sin 6 = 5 — 7 ) tan 6 


s served by its own per cent is nearly equivalent to a saving of one mill per 
•ator was the most kilowatt-hour at the stations. The economical utiliza- 
the most economical tion of the modem generating station' is dependent not 
at with the ehmina- only upon a favorable base load but also upon the cost 
he growth of inter- of distributing this lower cost power to the consumer. 

blocks of reactive The full value of modem refinements, in station design 
tern to another has and operation cannot be realized unless there be a 
ications. Low sys- commensurate increase in the efficiency of the system 
lability of installed of distnbutipn. Certainly, industry cannot hope te 

\ nrrm^' e ^ S ^u- 6 t a ^ van ^ a S e °f l° w cost power made possible 

am proper voltage by the modern generating station so long as generators, 

2 hkhTS t° P ?n bUS “ Ure ’ CableS ’ substations - «nes and transformers 

osses from 25 to 15 Ca f lderable improvement in system power factor 

so may be obtained througb a more scientific 

30 Beckwith St., Au- application of the individual induction motor to it- 

Factor Improvement,” “®?'- -F! 1611 loa ded continuously between three-fourths 
' the Nntional Electric and tu oad ra ting, a good induction motor should j 
operate at a power factor of from 0.80 or 0.85 to 0.92 

EsW a +' i ° r 0,94 , lagging > de P en ding on size and speed. The 
I Pow e ; Paltorln £ mCrin high P™er-factor heating load 

will tend to raise tb£ average of the system power factor. 

5 ; 4 ' Arti de For further improvement, rather substantial invest¬ 
or Factor Correction,” ment in corrective devices is necessary. Prices range 

ii station Distribution J#° m Slx , . to s ^ y dollars per reactive kilovolt-ampere' 
bution of correction. If such large expenditures are to be made 

of Electrical Distri- m unproductive equipment, it is necessary to know that 

District tin 1 * r. possible **vingfi are to be effected. How 

of Ao ‘ 1 ^ much money can be invested profitably in such im- ' 

provement? What is the most economical corrected 
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power factor? The term .“most.economical” is here* 
used to indicate an economic balance in circuit design 
for which the total annual cost of supplying a standard 
power service is a minimum. 

In the analysis that follows, a circuit cost equation 
is set up with 6, the corrected power-factor angle, as a 
Variable. The minimum value is found by equating 
the first derivative to zero. The general equation 
includes only the variable circuit costs that are directly 
affected by a change in power factor. It dqes not 
include what may he termed fixed costs that are not 
reduced by an improvement in the power factor of the 
circuit. The mathematical correctness of the solution 
is not changed by the elimination of the fixed costs, 
since all constant terms drop out in the differentiation. 

The equation is developed subject to the following 
conditions: 

a. The value of generating station and outside plant 

capacity released through * power factor correction 
depends upon its availability for carrying additional 
profitable kilowatt load. In the design of new circuits, 
smaller conductors and transformers may be used for 
a given kilowatt load. . 

b. The cost 7 of line losses per kilowatt-hour includes 
fuel cost at the generating station and demand charges 
prorated over the kilowatt-hour losses for the year. 

c. Load is figured in terms of maximum kilowatt 
demand. 

d. Power factor is measured at the time of maximum 
kilowatt demand at th§ point where the condenser is 
to be installed. It is defined as the ratio of kilowatt 
demand to coincident kilovolt-amperes. The term 
“power-factor angle” is used as a convenient mathe¬ 
matical convention rather than as a true instantaneous 
vector relatipnship. * 

e. It is assumed that the distribution voltage has 
been determined by conditions affecting the system as 
a whole. Existing standards usually determine in a 
general way the types and ratings of equipment. 

f. Construction standards on overhead distribution 
systems are usually such that the cost of the supporting 
structure is the same for each of the several possible 
wire sizes which could be chosen for a given circuit. 

g. The cost of spare condenser equipment is not 
included. This is offset by the reduction in spare 
transformer and line capacity required for emergency 
service. 

h. Capacity rating of condensers determined by 
economical considerations: Synchronous condensers 
to be operated normally at full excitation to obtain 
maximum corrective effect during working hours, and 
shut-down during off-peak hours. Static condensers 
act as a constant capacity connected across the line 
with losses practically constant. When installed in 
accessible locations these are usually disconnected 

7. See reference 6, Chap. IV, for a method of computing the 
cost of energy losses at any point on the system. 


during off-peak hours. Annual condenser losses are 
determined by the number of hours connected. • 

i. Partial voltage control with capacity rating of 
Synchronous equipment determined by economical 
formula: In this case condenser and circuit losses should 
be computed for the actual duty cycle of the condenser 
throughout the year. 

j. Constant voltage control: The rating of the syn¬ 
chronous condenser in this case is determined by the 

constants of the circuit and by the generator and 
receiver voltages. The economical power-factor 
formula does not apply to this condition. 

The equation is developed for an overhead line* 

. supplying power through a single bank of transformers. 
Th£ power factor of the load is cos 6„, lagging. A 
condenser is to be installed on the low voltage side of 
the distribution transformer. Kilowatt demand is 
known, as is also the required full load receiver voltage. 

It is assumed that the rating of the transformer will be 
just equal to the resultant kilovolt-ampere demand at 
the corrected power factor and that the size of the line 
conductors will be just sufficient to carry the resultant 
full load amperes at the most economical current 
density. The annual fixed charges on the investment 
and the cost of losses for the primary line conductors, 
transformers, and the condenser are to be set up in an 
algebraic e<Juation in which the variable is 6, the 
corrected power-factor angle. 

The following symbols are used: , 

Q i Annual fixed charges on the most economical 

line conductors per kilovolt-ampere delivered, 

Qo Annual cost of line losses per kilovolt-ampere 
delivered, 

Q s Annual fixed charges on transformers per 
kilovolt-ampere delivered, 

Qt ' Annual cost of transformer iron losses per 
kilovolt-ampere, 

Q s Annual cost of transformer copper losses jter 
kilovolt-ampere, 

Ki Annual fixed charges on the condenser per 
reactive kilovolt-ampere of correction, 

K 2 Annual cost of energy losses in the condenser 
per reactive kilovolt-ampere of correction, 

P Power in kilowatts delivered to the load at the 
time of maximum demand, 

p Kilowatt loss in the condenser at full load volt¬ 
age and excitation, * 

cos d or Power factor of the load, at the maximum 
demand, # 

cos 6 Corrected power factor at maximum load, 

M Cir. mils per ampere at full load for most 
economical line-current density in the # 
conductor, 

Y Annual cost of the circuit, including the con¬ 
denser; it includes only those costs which 
are directly affected by an improvement in 
power factor. 

In the appendix will be found a list of additional 




symbols and a detailed mathematical development of 
" th f equations for evaluating the K and Q terms, to which 
reference is made in the following paragraphs. 

• By the Kelvin 8 law, that wire size is assumed most 
economical for which the annual fixed charges on the 
investment in the. conductors are just balanced by the 
yearly cost of P R energy losses. Assuming a current 
ot one ampere, the most economical circular mils per 
~ designated by the symbol M, may be calcu¬ 

lated by formula (6) in the appendix. The value of M 
depends on the cost of copper, the shape of the typical 

° daily ° ad curve > and the C03t of energy. It is indepen- 
dent of the ampere load, voltage, phase, spacing and 

? ° f r The S1Ze 0f the most gnomical 
conductor is then equal to M times the resultant' 

amperes per wire. Multiplying by the length of line 
and by the unit weight of copper, and by the cost per 
pound, the cost of one conductor is obtained as in ( 7 ). 

he resultant current may be '‘expressed in terms of 
kilowatt load, voltage, and power factor. Substituting 
for the current terms in (7) and multiplying through 
by the number of conductors and by the annual fixed 
charge rate yields expression (8). It represents the 
annual fixed charges on the most economical size of 
conductors expressed as a function of the resultant 

power-factor angle 6. The coefficient Q 1 is obtained 
m expression (9). ^ inea 

The energy loss in the most economical conductor at 
ull load is I 1 R watts. The resistance may be repre- 
sented by the resistivity per cir. mil ft. times the length , 

in dT mils dUC ™ ^ the area ° f the con duetor , 

resu ta^ 1 1 Th ® Cross - sectlonal ar ea equals M times ' 

'^ulti^yi 1 ^ 1 ^^ 6 ^^ cost of energy 5 and°by the^umber ! 

The actual J» R losses of a fluctuating load may be c 
evaluated m terms of loss at full load by means of a I 

Ioss factor ”. com P u ted from typical daily load 
curves, of the circuit under consideration. The loss 
factor is found by dividing the sum of the squares of th? 
hourly ordinates of a typical daily load curve by 24 a 

th r m f S r re ° f the annUaI peak - Descriptions of 
method are given in #ie references 8 . The loss 
factor multiplied by 8760 hours gives the “equivalent 
urs per year that it would be necessary for the 
nnual peak load to continue in order to yield the same a1 
ty the —■ 

nhf? fu Ual C , 0st of losses in the conductors is then lo 

len?h 0 e urs by ^ ltiplying expression ( 10 ) by the equiva- c3 

; J CW 7 nt t6rm is 6Xpressed in ^ re 

kilowatts, voltage and power factor as before, yielding ca 

^P^on (11). The simplicity of the finaf resul? D 
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)f 'depends in part upon the feet that, by this metho< 
h setting up the equation, the cost of losses is express© 
. a function.of the power-factor angle to the first po 
it rather than to the usual square. 

e Transformer costs apply to the nearest standard i 
e required for the resultant kilovolt-ampere load 
t cest analyses of this sort, where the unit cost va: 
r inversely with the size, it is sometimes desirable 
* p cos t per kilovolt-ampere against kilov< 

' am P er £ rating and to obtain the equation of the 1 
l passing through the desired points. Under the a 

■ ditions of the. present problem, however, it is simp 
to use the unit cost of the nearest standard size, 
first approximation may be used and a second vai 
substituted later, if necessary. 

The evaluation of the transformer cost coeffieien 
Qs, Qi and Q & is given in expressions (lS) (14) and (1! 
Transformer copper losses are found by multiplying t 
loss at full load by the equivalent hours defined aboi 
the iron losses are approximately constat and may! 

o^A^ ented by 1 - oss at the manufacturer’s- rating tim 
o7b0hr. m a year. # 

As in the. case of the transformers, the uhit cost of tl 
condenser is that of the nearest standard size. F 
static condensers in groups of 30 kv-a., the unit’ll 
does not vary greatly. In the larger sizes of syngk 
nous condensers, the cost per kilovolt-ampere isM 
constant. For the smaller sizes of both types the i 
price increases rapidly and it may be necessary « 
one or two approximate values. The annual fixr 
charge rate includes interest,'depreciation and taxi 

ere special attendance is required, as with syn 
chronous equipment, the extra expense may*be added 
e fixed charge rate.. Condenser losses are evalus 
by multiplying the rated loss at full load voltage 
excitation b/the hours per year that the equipm 
connected .to . the line. The evaluation of 

■ 1 and K 2 is given in expressions (16) and (17). 

The Circuit Cost Equation 
The kilovolt-ampere delivered by the transform* 
at the corrected power factor are 

P + p 

cos 6 = (P + p) sec 6 


* 

I 


JfiSI- 

ap>i 


pi 

SSi 


1 


mJmE&iT' "i°“ , " te ” “ d "..luiv.fent hour,,- 

fTrEu'Zul o' T ' VIi ***** 

Engineers, Sec. 12, Par. 235-238; Section 13 Fig 14 

o. loe. oil. ■ ; 


The annual cost .of line conductors and transfer 
at the resultant power factor is then: 

(Qi + Qi + Q s + Q 4 + q 5 ) (p + p ) S ec $ 
The condenser capacity required to raise the ori 
load power factor from cos 6 0r to cos 6 is shown gn 
caily by the familiar condenser diagram, Fig. 1. 
reactive kilovolt-amperes in leading quadrature 
carried by the condenser are given by the verti< 
D- F. For static condensers and for sync 
condensers without mechanical load, the losses: 
paratxvely small so that the quadrature differ* 
usually taken as the approximate condenser c 
required. This quadrature difference, or 1 
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ivolt-amperes of correction, may be expressed alge- probable value of 6, to assume a fixed value 9 for p. U’he 
ically as • first approximation may b’e corrected later if necessary. 

P tan 6 0 r — (P + V) tan 6 , 0 gr is a constant, and 6 the only variable. • 

[ the annual cost of condenser capacity as The annual cost of the circuit, including condenser, 

L + K,) P tan d or - (K, + K t ) (P + p) tan 6 (2) for any power factor, cos 6, is . 

3 is the ma.x impm kilowatt' load and is assume^ T = (Qi + Q 2 + Q 3 + Q 4 + Qs) (P + P) see 
stant. The energy loss, p, in static condensers is + {K\ + K%) P tan 6 or — (Ki + K 2 ) (P + p) tan 6 (3) 
ill, about 0.5 per cent, and is often neglected in , The minimum point on the cost curve is found by 
mlating the power polygon. For synchronous equating to zero the first derivative of Y with respect 
• to d, and solving 


• a _ _ — —l _fS'l 

ec Qi + Qi "h Q 3 + Qi + Qs 

The graphical representation of these cost functions 


Fig. 1 

P Kilowatt load 
p Kilowatt loss in condenser 
A C Kv-a. at original load power factor 
A F Kv-a. at corrected power factor 
D F Reactive kv-a. correction 

For 3 per cent condenser loss, the error in using D F for C F is less than 
0*05 of one per cent 


“i r rrm rrmThT 

S t 8 igSSKgggSlS 

O O r o*4d°o 0 d 00 p o 
-[POWER-FACTOR—COS 4 - 


ANGLE 9 (DEGREES) 

Fig. 3—Comparison of Y-Cost Curves 
The number on each curve is the unit cost ratio 


in Fig. 2 indicates the variation in total cost as the con¬ 
denser capacity is increased. The conditions for a 
minimum 10 are that the sum of the K terms be less than 
the sum of the Q terms; that the sum of the K terms be 
positive or equal to zero, and that the sum of the 
Q terms be positive and greater than zero. 

If the sum of theH terms be zero, that is, if condenser 
capacity could be obtained at no extra expense, 
cos d ec ~ 1.00 and correction to unity power factor 
would be justified. 

If the ratio of the K terms to the Q terms be equal to 
the sine of the original power-factor angle, then sin 
dec = sin d„r, and the original power factor is the most * 
economical one. This is illustrated graphically by the 
upper curve in Fig. 3 marked 0.866. If the unit cost 
ratio is greater than sin d on the mathematical minimum 

9. For percentage error in assuming p constant see appendix B. 

10. For test for minimum point see appendix B. 


Minimum 


Circuit- 


Condenser- 


ANGLE 6 (DEGREES). 

. Fig. 2—Annual Cost of Circuit with Condenser 
Drawn for a unit cost ratio of 0.40 and a load power factor 0.50. 'Ktie 
inimum point on the Y curve occurs at sin 6 ec =0.40. Corresponding to a 
erected power facto.r cos 6 ec - 0.916 


ndensers, losses will be about 1.7 to 3.5 per cent of 
ing for the larger machines and higher for the smaller 
its. If p is expressed as a function of d, the equation 
comes unnecessarily complicated. It is simpler, and 
Bciently accurate within a limited range of the 
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: • General Application 
In the design of a circuit to serve a definite kilowa. 
is th^,t load, the unit cost ratio tends to decrease as the si! 
The lagging 0 f the condenser is increased, and the required line an 

This is due to tl 

variation in cost per kilovolt-amper£ of condensers an 
that the sum of the Q transformers with a change in* size. The correc 

is given by the unit cost ratio at the min, 
mum point on the total Cost curve. In the usual cas< 
stand&rd sizes of equipment will not agree exactly wit 
the most economical sizes of conductors, transformers 
and condensers as calculated by the formula. Th 
flatness of the cost curve near the minim u m poin.il 
however, indicates that this value is not critical. Wit! 
static condensers, it is quite practicable to install jus 
the capacity required, since these are built up in smal 
units. 

The formula has been derived for the particular cam 
of an overhead feeder. Similarly, it m^v be develop©* 
for distribution circuits in general, both overhead o: 
underground, by introducing appropriate Q terms 
or The criterion for including a given cost is whether cm 
not a saving can be effected in that particular item bj 
improving power factor. The cost of the supporting 
structure should be included in the case of parallel 
circuits, when a reduction in the number of paralleled 
power conductors can be effected after correction, due to the 
reduced ampere capacity required to supply the same 
kilowatt load. This applies also to the cost of ducts in 
an underground system, when fewer cables will be re¬ 
quired after correction. The cost of stringing wire or 
running cable should be included if the labor charge 
for the larger size i S> materially higher than for the 
smaller. The unit annual costs per kilovolt-ampere of 
on a constant unit cost ratio c * rcud ' ca pa#ity applying to cables, switches, bus 
, - , _ . '-—1. This condition S™ ’ andsu b sta tion electrical equipment in general 

! V‘ a distribution substation with i ° U , e eva ua ^ e< ^ as Q terms if an actual saying can 

^• v »»*• built to a Standard maximum current 6 “ In includin « cost a t the sending end, such 

Luca! power load is served, up to the limit st .f ; u P. transf ormers, the cost per kilovolt-ampere 

f. f. 5n UK capacu - v * b > r radiating branch feeders either , 01 ? d be ^creased by a factor covering per cent line 
'e same or at reduced voltage. The circuit cost per bSS between that P° int and the condensers. 

CSPaCity is known > and • Th ! sin f relation *hip between unit condenser anti 

at th^lid enl nf'^ 6 co ndensers, to be located . circuit costs ma F be used also in making power factor 
* ! . ■ i<? radiating branches, is fixed bv 1 approvement calculations in industrial Diants Th*» 

»LSk, 1 !? V""" most Sf&, plant “ tte ““ “ 'Of outside 
•tavnui,™ f 1 ?,” 4 as a Wh0le is overexcited synchronous'. motors or 

rapacitrblMalWmthr.od^ '? , ! C,ent condenser ‘"^^“"'“t'JOMotorsofthesynchronous.inductionis 

it* original poser factor to rai-Trh br “ Ch ' Whatcver iSud^Ta USed ’ the . po y e f' consumed by the motor is 
factor to thetnosteconomi™!™ f 6 the corrected power ™= ,ud f ** * P« of the useful load, P. The cost" 
m mmomk consideration* jL a * Ue * ^ sresu lt, based chargeable to power factor improvement is 

"wming «££££ of betTO * *-*» », the synchronous 

“ s f 

- ■arrexs wih be set up SeenT *»— «* **» ' 1 ' »• 

■ end to offset the desired savings. TST™ 


ties in the area of negative values of the condenser cost 
curve. The physical interpretation of the curves for 

value* of the flnit cost ratio greater than sin 6 
condenser correction is not economical. 
jMJwer-factor angle is taken as positive. transformer capacity becomes less, 

The conditions under which equation (5) may be 

used in practical problems are 

terms be positive and greater than zero, that the sum of relationship 
the K terms be positive or equal to zero, and that»the 
ratio of the K terms to the Q terms lie between zero 
and sin 0 m .. Within these limits, the following con¬ 
clusions are warranted. 

A. The sine of the most economical corrected power- 

factor angle is determined by the ratio of unit annual 
condenser costs per reactive kilovolt-ampere of correc¬ 
tion, to unit annual cost per kilovolt-ampere delivered, 
of that portion of the supply circuit directly benefited 
by the improvement. # 

B, Correction to unity is economically justified only 
if corrective capacity can be obtained at no additional 

expense. 

C. If the unit cost ratio is found to be equal to, 
greater than, the sine of the original load power-factor 

investment in corrective equipment is not 

economically justified. * 

D, For a given unit cost ratio, the most economical 
: wer factor is the same, irrespective of the 

fact* r of the load. 

«’ n fusion D is illustrated by the dotted cu 

fi where each of the four total cost curves dr_ 

1 '“y-* ratio of 0.25, for load power factors 0.80, 
c o, 'tall, and 0.40, has its minimum value at sin 6 
».2o corresponding to the corrected power factor 
«w * 0.986. 
f f) is 

•y * fain the range of values considered! 
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motor and that of a lower priced induction motor of required at the load end than at the station. Tket 


equivalent rating. The correction in reactive kilovolt¬ 
ampere is the sum of the power component in .leading 
' quadrature of the synchronous motor and the lagging 
component of the equivalent induction motor. The 
cost per reactive kilovolt-ampere of correction, term K x 
in the equation, is thus determined. Further correction* 
r*; may be justified when the rate schedule contains a 
special power factor clause. • 

In ma k ing a basic cost study of the power factor 
problem on a utility system preparatory to working 
out new power rate schedules, the use of the sine formula 
is suggested as a means for determining the optimum 
consumer power factor upon which the schedule of 
penalties or bonus is based. In this case the cost of 
1 correction at the motor is credited with savings on the 
central station system back to the generator, in addition 
to savings within the industrial plant. Direct com¬ 
parison may be made betwqpn the over-all savings 
obtained by* consumer correction and those resulting 
! from the use of tondensers on the lines of the central 
station. . * 

Generating Station Costs 

' 'Excess generating station costs chargeable to low 
lagging power factor include (a) fixed charges on 
generating capacity which could be released for profit¬ 
able kilowatt load, (b) excess electrical losses due to 
increased excitation requirements and the reactive 
current component in station bus and transformers, and 
(c) lower steam economy due to the necessity for operat¬ 
ing turbines below normal power rating or for floating 
spare units T>n the line as condensers. Figures for 
determining excitation losses are usually obtainable 
; from the manufacturer’s design data. Other losses 
| must be worked out for each individual station from 
; daily operating data and special tests. 

The evaluation of station costs is not within the scope 
| of the present paper. The following method is outlined 
for segregating that portion of the station costs directly 
i affecting the distribution circuits. 

: Case I: Generating capacity insufficient to supply 

kilowatt demand at existing power factor, necessitating 
the purchase of a new generator or additional power 
from an outside source. It may be assumed that it 
would he cheaper to release existing generator capacity 
up to the limit of the horse power rating of the turbines 
by installing a large synchronous condenser at the 
station. The larger units have the lowest cost per 
kilovolt-ampere. Let the annual fixed charges, in¬ 
cluding routine maintenance, be K z and the cost of 
Losses iv ; dollars per reactive kilovolt-ampere per year. 

The problem is to determine how much of this cor¬ 
rective capacity could be installed more profitably at 
the load end of the distribution circuit. The annual 
unit cost of the load end condenser has been evaluated 
as {K i + Ki) dollars per reactive kilovolt-ampere per 
year and is greater than (Z 3 + X 4 ). Due to load 
diversity between feeders, additional capacity is 


D = the ratio of coincident reactive kilovolt-ampere 
demand at the station peak to the sum of the reactive 
demands of the individual feeders. One reactive 
kilovolt-ampere of condenser correction out on the line 
saves D (K 3 + Ki) dollars per year in station con¬ 
denser costs, at the same time releasing generating 
capacity for profitable kilowatt load. The difference 
in the annual unit costs of the two condensers, repre¬ 
senting the additional cost of load end correction, 
applies to the distribution circuit. Equation (5) in its 
general form is then: 

. fe + K t ) - D (gj + K<) 

. Qi + Qi + Q3 + Qi + Qs + Qr, + . 

• • (5a) 

the additional Q terms representing cost of cables, 
substations, et cetera, as previously noted. 

Case II: Spare generator capacity available, station 
economy reduced by inefficient operation at low 
power factor. It is assumed that the expense of a 
station condenser is not justified. Term K 3 is not 
included since no immediate saving in annual fixed 
charges on generating equipment will be made. The 
excess cost, of operating the station at low power 
factor, compared with the cost of generating the same 
kilowatt-hours in saleable energy at unity power factor, 
represents the cost of using station generators as con¬ 
densers. The excess cost throughout the year divided 
by the reactive power component at the station peak 
demand gives K it the annual cost per reactive kilovolt¬ 
ampere of correction at the station. The numerator of 
equation (5a) is then (Ki + K 2 ) — D K 4 ,. 

The method does not apply to distant hydroelectric or 
steam stations operating at leading power factor. The 
sine formula does not apply to transmission lines 14 of 
such length and voltage that charging current, corona^ 
loss, conductor material, tower spacing and other 
special factors enter into the problem. The correct 
rating of condensers for long lines is usually determined 
by the requirements for voltage control and‘system 
stability. 

The sine formula may be used in the design of the 
individual distribution circftits of the network supplied 
by a transmission line, as in Case I for the generators. 
Thus, if it is found economical to correct the power 
factor at the load ends of the individual circuits of the 
distribution network from 0.70 to 0.90, the size of tfie 
synchronous condenser required to control transmission 
line voltage is considerably reduced. 

The annual saving at the most economical power 
factor depends upon the power factor of the load and 
the unit cost ratio. In Figs. 2 and 3, the difference in 
the height of the ordinate to the total cost curve at the 
original power factor, and the ordinate at the minimum 

14. Kirsten and. Loew, The Line of Maximum Economy, 
presented at the Pacific Coast Convention of the A. I. E. E., 
September, 1925. 
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point indicates the saving effected. For a load power Application of the formula may be extend®* 
factor of 0.50 and a unit cost ratio 0.4, the saving at the distribution circuits in general, both overhead 
economical power factor, 0.916, is about 20 per cent, underground. A method has been outlined for wor 
but would be only about 15 per cent if corrected to out the comparative advantages of power fa 
unity. For a unit? cost ratio of 0.5, there would be a correction at the generating station and at substati 
saving of 14 per cent if corrected to 0.866, but only feeder load ends, and the motors. This requin 
7 per cent at unity power factor. The percentage careful study of load diversity and of the effect of * 
annual saving at the most economical corrected power type of condenser upon the shape of the load etifl 

curve and therefore uptfn I' 2 R losses. 

TKe equations and methods here given hay# 
definite advantage that they may be applied equ 
as well to the design of new circuits and extensions 
to the selection of optimum condenser ratings 
existing circuits. 

Although the present discussion has been limited 
the cost element of the power-factor -problem, it sho 
be understood throughout that applications to spe* 
cases should always be, made in accord with praeti 


RESULTANT ECONOMICAL POWER FACTOR 


Power (Factor 


copper, actual price of bare wire. For insula? 
wire, multiply charging out price by ratio 
weight per 1000 ft. insulated wire to weight 1 f 
ft. bare wire of same size A. W. G.c 

C e Cost in dollars pgr kilowatt-hour of generati 
and distributing energy tp supply losses. 

C con Cost qf condenser equipment in dollars per ki! 
volt-ampere. * 

Ct Cost of nearest standard size of transformer • 
carry the resultant load, in dollars per kii. 
volt-ampere. 

g Rate of annual fixed charges; includes intern: ' 
depreciation, insurance, and taxes. 

Utfc Decimal ratio of watts iron loss in transform* 
to the volt-ampere rating.. 

Utcu Decimal ratio of watts copper loss in transform*, ! 
at full load to the volt-ampere rating. 

U con Decimal ratio of kilowatts required to operate tk 

condenser at full load to the kilovolt-amper 
rating. 

I Length of line in feet, one way. 

"at/ ^ um j 3er conductors with respect to relative size! • 

A/ Number of conductors carrying full current. 

For 3-phase, 3-wire . . . -N = 3, N' t= 3 il 

w Weight of conductor in lb. per 1000 cir. mil ft. t'-i 

For copper, w = 0.003031b. -A 

P Resistivity of conductor per cir. mil ft. t 

H 8760 hr. in a year. 

/ Load factor. 

f H Hours use of demand, yearly. 


0 0.2 0.4 0.6 0.8 10 

UNIT COST RATIO AS COMPUTED BY FORMULA 

Fig. 4—Working Diagram for Use in Preliminary 
Calculations ’ 

UQit Cost ratio from K Q terms. The' dotted proiec 

for the actual prices and art f' %UreS Sh ° Uld ^’’worked out accura 

prices an <i ratings of equipment used. 

under which substantial savings may be expected. 

the upper set of curves in Fig. 4 gives the requii 
correction m reactive kilovolt-amperes for anv 


unit ami „ J Z I T Sngle eqUals the ratio 

unit annual cost of correction to the unit annual 

TSLTSWt suppiy circuit ™ 5S2 

Si Wn? **?' the cirait 

ed power factor. ComparisonTLaTrS 
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' Loss factor 8 , computed from'typical* daily load 
curve ' 

■ sum of squares of hourly ordinates * 

^ = 24 X (peak load) 2 

1 H Equivalent hours 8 per year at constant full load to 
produce the same kilowatt-hours in I 2 R line* 
losses as occur with the actual fluctuating load. 
Analogous to “hours use of demand.” 

Hours per year that condenser is connected to 
the line. 

J Receiver voltage, phase voltage at full load. 

cc Amperes per wire at full load at the resultant 
economical power factor, for a 3-phase line, 


The cost of losses in N' conductors at C e dollars per 
kilowatt-hour 

* C e plN'_ * ■ 


dollars per hour at constant full load. When the 
load fluctuates, the I 2 R losses vary as the square of the 
current. The annual cost of loss for a fluctuating load 
may»be approximated by multiplying loss at full load 
by the “equivalent hours,” F H, defined above. The 
annual cost of line losses 

C e plN'FH CeplN’FH 


Weight «f one conductor. 


Resistance of one conductor. 


The K and Q terms are set up for a 3-phase, delta- 
connected line. Similar expressions may be worked 
out for 3-phase, 4-wire and 2-phase, 3- or 4-wire cir¬ 
cuits. The economical circular mils for one ampere 
are calculated from the Kelvin law. 8 


dollars per mile per year 


( 12a ) 

Transformer prices and losses are those of the nearest 
standard capacity actually required at the resultant 
power factor 

g Ct (P .+ p) sec 6 ec (13) 

and 


The area in circular mils of the economical size of 
conductor is I ec M. If the line drop for this size 
proves too great, calculate M from the allowable 
regulation.. * 

mi , <• i . ^ cu l W M Iec ^ 

The cost of one conductor =-rrrv- (7) 


Transformer iron losses may be assumed as practi¬ 
cally constant through the year. Transformer iron 
loss • 

= Z7te* Ce H (P + p) sec 6 ec (14) 


annual fixed charges on N conductors, substituting ‘Transformer copper 1c 

current. Annual losses 
approximated by multii 
“equivalent hours,” F E 
losses in the transformer 


gCeuNJwJd 1000 (P + p) 
1000 ^ ^/3 E cos dec 

g C cu N Iw M (P + p) sec 6 I 

VTe ~~ 


TCw 


Annual condenser c 
and cost of losses. T 


0.00525 gC cu lM 
E 


For synchronous condei 
'ollars per mile per year should be added to the an 

the cost of routine mainte 
(9a) The yearly losses may 
load, for one conductor plying loss at full load 
1 = U con h per kv-a. The 

nhrT • be 
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HOW SHOULD CAPACITIES OF WATER 
. POWER SITES BE STATED? 

There is probably more confusion with respect to 
proper units and bases for expressing the capacity of 
water-power sites than with respect to almost any 
•other resource which vitally affetfts the prosperity of* 
peoples and nations. A decade ago, when water power 
was used primarily in connection with local industries, 
the widespread necessity for uniformity in describing it 
did not exist. As a result, however, of the great in¬ 
crease in the development of water power, resulting 
largely from improvements in the art of transmitting 
electric energy, there are now relatively few homes that 
do not use electric energy that has been generated in 
part by falling water. 

Moreover, questions regarding water power are 
rapidly becoming of paramount political importance, 
as illustrated" by activities in cities of the West Coast 
and elsewhere in connection with municipal ownership; 
in New York, in connection with the .utilization of St. 
Lawrence River; and throughout the nation, in con¬ 
nection with the power plant already ‘constructed at 
Muscle Shoals on the Tennessee River and with the 
proposed development in Boulder Canyon of the 
Colorado River. 

In order that these various questions may be clearly 
understood, it is extremely desirable that there be some 
uniformity in the terms used so that engineers, laymen, 
and politicians can state their.views in terms which have 
a definite meaning that is understood by all. 

This is one of the problems that is nqjv being con¬ 
sidered by the American Engineering Standards 
Committee by means of a Sectional Committee com¬ 
posed of aljput forty engineers who are* prominent in 
the hydro-electric industry, representing twenty-eight 
organizations. The work is being carried out under 
the official leadership of the U. S. Geological Survey, 
with Nathan C. Grover, M. Am. Soc. C. E., and W. G. 
Hoyt, Assoc. M. Am. Soc. C. E., as Chairman and 
Secretary, respectively, of the Sectional Committee. 

After giving these and many other question considera¬ 
tion for more than a year the Committee has tentatively 
decided that the kilowatt should be used instead of the 
horse power as the unit for expressing the capacity of 
Water-power sites; that the capacity shown should ex¬ 
press the theoretical potential power without deductions 
for the losses, which are sure to occur in water-wheels, 
generators, transformers, etc.; and that the capacity 
ghould be stated for two rates of flow—one called the 
90%-of-time flow, corresponding to a flow available 
90% of the time, and the other called the 50%-of-time 
flow, corresponding to the flow available one-half the 
time. 

It is the desire of the Committee to have these tenta¬ 
tive rules discussed fully and frankly by every one 
interested in hydraulic development in this country, 
to the end that they .may be so modified that as finally 
adopted they will represent the best American opinion. 


Appendix B 

Test for Minimum. If a root of the first derivative 
of Y with respect to 6 yields a positive result wbffen 
substituted in the equation of the second derivative, 
a minimum is indicated at that point. 

Let K = suln of K terms and Q — sum of Q terms. 
Taking the second derivative of (3) and substituting 
the value of 6 from (5) „ 

d? Y Q* 


r The expression is real and positive when Q is positive 
and > 0, K is positive or = 0, and Q > K. Negative 
values of K and Q terms have no physical significance 
in the present problem. Lagging power factor is 
taken as positive. 

Accuracy of Results. For the purpose of calculating 
the power polygon in equations (3) and (4), the value 
of p, kilowatt loss in the condenser, was assumed a 
constant. The error thus introduced is practically 
negligible. In a typical numerical example, for a load 
of 1000 kw., the loss in the condenser required to 
correct the power factor from 0.50 to 0.85 was 3 per 
cent, or 33 kw. The assumption that the condenser 
loss would be the same for corrected pcfwer factors 
ranging from 0.75 to 0.95 introduced 1 a maximum 
error of less than 0.9 of one per cent of the total kilo¬ 
volt-amperes. Since plus errors in calculating condenser 
kilovolt-amperes offset minus errors in required trans¬ 
former kilovolt-amperes, even these small errors tend 
to cancel out in evaluating the total cost, Y. 

In equations (1), (2) and (3) and in Figs. 2 and 3, a 
constant unit cost per kilovolt-ampere is assumed for 
• transformers * and condensers. In the usual case, 
however, the unit price of the larger sizes tends to 
decrease with increase in rating. If necessary, this 
condition could be expressed mathematically by 
plotting cost per kilovolt-ampere against kilovolt¬ 
ampere rating and writing the equation of a line pass¬ 
ing through the required points. Introducing th£se 
expressions into equation (3) would tend to complicate 
the problem unnecessarily. The location of the mini¬ 
mum point of the Y cost curve is all that is required, 
and this can be determined*aceurately from the simple 
formula in one or two trials. No error is’involved when 
the conditions of formula (5) are satisfied. 

.In the application of the formula to practical prob¬ 
lems, it may be desirable to design the circuit for a 
corrected power factor slightly above or below the 
calculated value in order to make the most advan¬ 
tageous use of standard sizes of wire, cable, trans¬ 
formers and condensers. In the design of new circuits, 
probable growth in’load may dictate the use of larger 
wires and transformers than are immediately required. 
Where static condensers are used, provision may be 
made for adding additional units as required, thus 
maintaining economical operation during the period 
of growth and increasing the ultimate kilowatt capacity 
of the circuit. 
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Experimental Measurement of Mech 

Forces in Electric Circuits * 

BY “J. WALTER ROPER 1 


Synopsis . —This peeper presents a simple laboratory method 
of measuring the mechanical forces exerted on the parts of a com¬ 
plete circuit due to current flowing in the circuit. 

Tests, using the method, show t^at the “classic” methods of 


computing such forces are reliable. Curves are included wh 
the comparison between the theoretical and measured forces. 
were made on a rectangular circuit, representing a disconnecting 
&wit(£i, and on a circle of round wire. 


l/Cfl 


Circular Circuits 

P HE expression derived in the companion paper by 
Dr. H. B. Dwight for the tension acting in a cir¬ 
cular circuit has been checked experimentally, 
by the apparatus shown in Fig. 1 and described below. 
These measurements were made in the Electrical 
Engineering Department, of .the Massachusetts In¬ 
stitute of Technology. # 

A circle uf ccftper wire 0.249 cm. (0.098 in.) in diame¬ 
ter was made, having a centerline diameter of 40.2 cm. 


when current was flowing and to provide a place to 
attach the measuring device. The motion of the semi¬ 
circle was limited to 1716 in. at the joint by a set of 
stops at s. The upper stop was fitted with a contact 
which touched a contact on the brace. These contacts 
were connected by means of very flexible leads with a 
dry cell and telephone headset. The force was mea¬ 
sured by means of a lever arm and scale pan, connected 
to the br^ce by a copper rod a little over a yard 
in length. ^0 offset the weight of the scale pan B, the 
auxiliary weight W was fastened to the brace as shown 
in Fig. 1. 

The vertical support above W was one inch hori¬ 
zontally from b. The moment of the force acting 
through this support about e was balanced by the 
moments of the electromagnetic forces at b and T 
about the same point e. Since'the distances W b and 
T e were each equal to one inch, the force in the vertical 
support was taken-equal to the force at b. If the 
leads e a were comparatively stiff so that the semicircle 
moved about T as a hinge, however, then the ob¬ 
served forces should be multiplied by the ratio of the 
lever arms which would be about 17 to 16. This may 
„ - . . partly account for the fact that the observed forces 

ova e emi-circ e are less than the calculated values in Fig. 2. 

' IG - 1—The Circular Circuit The initial position of the lower s emi circle was de¬ 

termined by the upper stop which was visually adjusted 
The circle was divided into 1 two^ equal so that the circuit was circular. In order to have an 
per half of which was fixed by^, being absolute measurement of the force exerted when 
semicircle of wood. The current was led current was flowing, it was necessary to determine the 
the circle by means of flexible leads which zero of the circuit, that is, the weight on the scale 
at a, about four inches from the terminals pan B which just held the contacts of the indicating 
ele. An elastic rubber band at e, one circuit closed. This was done by placing weight* on the 
>rovided a support for the end of the circle, scale pan B until the removal of a small weight, as 
it of the circle was made at 6 by means of "a carefully as possible, just closed the indicating circuit, 
ipered joint. A thin mercury film was If care was taken in placing and removing weights, this 
J good contact between the halves of the determination could be made to within 0.05 gram. The 
apered joint was suggested by!! the late average of several trials gave a good determination of 
etts Institute of Technology. ' " the zero position. . 

the Regional Meeting of District No. l of the With the zero determined, points were obtained for 
field. Mass., May 25-28, 1927 . a curve. The procedure was to add weights bv tenths 










CURRENT IN AMPERES 

Pig. 2 Curve Showing the Relation Between Force and 

CURRENT IN THE CIRCUIT OF FlG. 1* 

at each point and the results averaged to give the 

current required for a given force. The curve of Fig 2 
shows the variation of force in dynes against averaged 
currents. The maximum value of current which 
could be used was 180 amperes, for with this current 
thjjmercury film blew out, probably due to heating. 
Ihe test results were compared. Fiv. 9 . with „„„„„ 


*~~^ UEVE oho wing Relation Between Force 
Current in Rectangular Circuit 

Length—89.6 cm. 

# Width—40.0 cm. 

Diameter of Wire—0.249 cm. 

the total force acting. Several different lengths of 
rectangle were tested and the results for the longest 
and the shortest are given. According to theory, 
it should make no difference where the cuts t and V 
are made. In tha case of the longest rectangle, 89.6 
cm. long, the distance from the bottom of the rectangle 
to the cut was 40 cm. This is dimension C in Fig. 3. 
In the case of the shortest rectangle, 30.0 cms. long, the 
distance was 20 cm. At first it was deemed inadvisable 
iuit to use mercury cups for the joint and the tests were 

per m - a , ^ the tapered i° int Previously described. A 
trial with mercury cups was made later and the re- 
suits were found to agree quite closely when compared 
with those obtained by use of the tanered ioint. This 
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paper, The Calculation of the Magnetic Forge on Discon- force in dynes acting on # the blade of a disconnecting 
necting Switches, by H. B. Dwight, T&ANS. A. I. 53. E., switch is 

1920, page 1337. This paper has been referred to fre- ^ A 2 *1 A 1 c- 

quently in several recent articles, but up to the present i 2 logh ——— -r- — — —— - — ——— 

time there has been no experimental verification of the r b . A ~ 

formulas derived injt. The formulas as given are for a 3 r a 1 A 3 1 A c 2 * B 1 

disconnecting switch? of which a diagrammatic sketch is + -f- —- -f —— (2) 


and*where A is greater than B, the force is 


Calculated Curve 


Test Points Marked: 
Tapered Joint ©“t" 
Mercury Cups A 


where i is the current in abamperes, r is the radius of the 
section of wire QP, and R T, 2 c is the width of the blade 
and A, B, and S are the dimensions shown in Fig. 6. 


RAILROAD REPORT SHOWS LONG LIFE 
OF ELECTRIC LOCOMOTIVES 

Electrified railroading, the latest phase in the trans¬ 
portation business of the country, gets a thorough 
checking-up in a report that has just been issued on the 
first 20 years of electric power on the New York, 
New Haven’’and Hartford Railway. That company 
which now has 145 route miles electrified from New 
York to New Haven and to Danbury, Conn, and which 
has the heaviest main line traffic of any electrified 
railroad of its length in the world, reveals that even 
though electrification is costly to install-, its locomotives 
never seem to go to the scrap heap. They do an aston¬ 
ishing amount of work year in and year out. 

Forty-one passenger locomotives have now been in* 
service for the full 20 years. They average about 170 
miles a day though’many of them, especially of late, 
have consistently run over 400 miles a day and the total 
mileage for each locomotive-thus far in its life is about 
1,250,000 miles. The 36 original freight locomotives 
have averaged 46,000 miles a year and the original 
switchers 37,000 miles a year. This record is aston¬ 
ishingly good in a world of railroading that is 
accustomed to the wear and tear on steam engines. 

This report of unusual* locomotive longevity moves 
Railway Electrical Engineer to remark editorially that, 
remarkable as these locomotives performances are on 
the dense-traffic New Haven railroad, “Not all the best 
operating records of electric locomotives are confined to 
the heavy traction lines of this country as may*be seen 
in the very satisfactory results obtained on the St. 
Gothard Railroad in Switzerland. In -1924 this road 
succeeded in transporting 19,000 tons of mer chandise * 
in a single day—a record which was not expected to be 
broken. Nevertheless, on February 25, 1927, a total 
of 23,000 tons was moved by means of electric equip¬ 
ment. Had steam traction still been in use 138 
locomotives would have been required, but under 
electric operation only 84 were needed.” 


0 50 100 150 200 

CURRENT IN AMPERES 

Fig. 5—Curve Showing Relation Between Force 
and Current in Rectangular Circuit With and Without 
Mercury Cups 

Length—30.0 cm. 

Width—40.0 cm. 

Diameter of Wire—0.249 cm. 


given in Fig. 6. This Circuit reduces to a rectangle 
when S is made equal to A, so that the section N' P' 
coinciding with N P will cancel the effect of N P, as 
it should for a rectangle, since this part does not exist. 
The section T' V' cajmot .be made to coincide with T V 
since it is necessary to lead current in and out of the 
rectangle,*but the effect of these parts will be reduced to 
a negligible amount if they are placed very close to¬ 
gether. In the disconnecting switch the section Q R 


.gram of Typical Disconnecting Switch 


ered to be a flat strap, but in the tests made 
: was used throughout. Another point to be 
at the disconnecting switch formula gives the 
ng to open the blade at Q, and consequently 
le total force acting on Q R. 
nulas are given in the form of a convergent 
for convenience will be repeated here. Two 
onsidered. Where B is greater than A, the 












Progress in Power Generation 1 

Annual Report of Committee on tower Generation" 


To the Board of Directors: 

A meeting was held shortly after the appointment of 
the present chairman in February, to formulate plans 
for the committee’s activities during the remainder of 
the administrative year. 

The question of taking up certain subjects for special 
study and investigation was given particular considera¬ 
tion, but it was not thought advisable to attempt any 
' work of this kind, because of the limited time available 
in which to prepare the annual report. There were 
presented at the meeting three subjects which the com¬ 
mittee therefore recommends for investigation by its 
successors; viz., Interconnection—Its relation to station 
and unit capacity, reliability and economy; Oil Circuit 
Breakers of Large Capacity—with particular reference 
to reliability, economy of space and costs; and Compari¬ 
son of American and European Power Station Practise. 
At the invitation of the Standards Committee a 
contact officer” was appointed for prompt cooperation 
with that committee on any matter of standardization 
in which the Committee on Power Generation may be 
concerned. In this connection the Standards Com¬ 
mittee has been asked to cooperate with the A. S. M. E. 
in the preparation of a section on “Measuring the Out¬ 
put of a Generator” for inclusion in the A. S. M. E. 
Test Code for Steam Turbines. A subcommittee of 
your Committee on Power Generation has been ap¬ 
pointed to assist the Standards Committee in this work. 

There has been secured by the committee for presen¬ 
tation at the Summer Convention in June, two papers 
. dealing with the design and operation of Power Stations, 
one by F. A. Allner on Holtwood 'Steam Plant, Design 
and Operation in Coordination with Water Power, and 
ope by J. W. Anderson and A. C. Monteith on Auxiliary 
Power at Richmond Station. 

Many important developments in power generation 
during the past year have been extensively reviewed and 
the following resume and bibliography are presented 
to show the progress made and the trend in the art. 

Resume of the Year’s Progress in Power 
Generation 

One of the outstanding features in power develop¬ 
ment is the tremendous increase in the so-called ultimate 
station cap acity over that anticipated at the time of the 

*Com^iittee on Power Generation: 

W. S. Gorsuch, Chairman 
J. T. Lawson, Vice-Chairman 

VemE. Alden, H. A. Kidder. F. A. Scheffler, 

E'T‘Br®™Vnn W.H Lawrence, . R. F. Schuchardt, 

N E FWrtf t ' T ‘ LefflCh ’ Arthur R. Smith, 

c'b'S»h James Lyman, Nicholas Stahl, 

C. F. Hirshfeld, W. E. Mitchell, B Tikhonovitch 

Francis Hodgkinson. I. E. Moultrop, W. M. White! ' 

M. M, Samuels, 

1. Complete report except bibliography- omitted. 

Presented at the Summer Convention of the A. I. E. E 
Detroit, Mich., June 20-84,1987. ” 


initial installation. In some cases, the. ultimate capacity 
will probably be more than double that originally ex¬ 
pected. What has brought this r about is the un¬ 
precedented increase in system loads and the intro- 
■ duction of units of much larger capacity than those first 
installed. In the eternal quest for greater and yet 
greater economies in power stations, notable technical 
achievements have been brought about in practically 
every line of the industry. Such developments during 
the past year have been so many and so varied that it is 
possible in a brief survey to touch on only a few of the 
most noticeable tendencies. 

In this resume, the committee does not attempt to 
predict the future of the art in power generation, but 
simply points out the trend as indicated by the impor¬ 
tant developments that have taken place or are now 
under construction. r r 

c 

Steam Turbine ^Generator Units 

Capacity. Turbines and generators of unprecedented 
size have been, designed and completed during the year 
and still larger ones are now under construction. Less 
than two years ago the largest turbine being built 
was under 100,000 kw. The largest turbine to date is 
the 208,000-kw. unit now under construction and one 
of the manufacturers has offered a machine in excess of 
300,000 kw. The largest single-cylinder turbine yet 
built in this country is a 65,000-kw. normal pressure 
unit. Without extensive interconnection it would 
not be wise or economical to install such large generating 
units. 

The motive for these huge machines is mot so much 
better fuel economy as it is reduced plant investment 
and the desire to keep the total plant capacity in reason¬ 
ably few units. Experience with large units has 
demonstrated that they can be operated almost. as 
continuously and easily as smaller machines. We may 
expect therefore, that the construction of huge generat¬ 
ing sets will continue, although to what final limit it is 
difficult to predict. 

As an indication of the trend toward larger units, it 
has recently been decided that throughout Chicago and 
adjacent territory no turbine will be installed in the 
future of less than 50,000 kw. capacity. 

Type . The combination of turbines and generators 
to make up a single generating unit is quite varied. 
Tandem compound and two- and three-element cross¬ 
compound formations offer numerous means of providing 
generating units in excess of 60,000 or 70,000 kw. 
capacity. The actual formation depends to a large 
extent on local conditions to be met and the ideas of 
the turbine manufacturer and the plant designer as to 
the best means of accompEshing the results desired. It 
is likely that turbines of the compound type will be 
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used for the very large ’capacities. There appears being aboutf l200 pounds. 550 pounds, and 350 pounds 
however, to be a marked tendency on the part of many respectively. TKesiT^re^ the * 

engineers toward still larger turbines of the single- average conditions, some may be 5 percent or 10 per 
cylinder design. . cent above or below. There appears to have developed 

There are now under construction four outstanding three schools of engineering for .the above pressures 
turbine units each of a different type and the largest and each is apparently convinced that the pressure 
of its kind on record. The sizes and types of thdse which it has adopted is the most economical one. 
units are; 208,000-kw. cross compound, three ele- From the turbine designer’s standpoint no insurmount- 
ments; 160,000-kw. cross compound, two elements; "able problems have been presented up to the highest 
94,000-kw. tandem compound; and 65,000-kw. "single- pressures so far considered. 

cylinder. * The 1400- and 1200-pound boilers and turbines have 

Speed. The trend toward higher speed is evidenced continued to operate satisfactorily and the results in. 
by the fact that there are now on order a number of at least one station have justified the installation of 
large turbines which are to operate at 1800 rev. per additional high pressure units. For large stations, 5001 it 
min. The prevailing turbine generator speeds are pounds to 600 pounds has become more or less standardl(] 
1500 rev. per min. for 25 and 50 cycles and 1800 pressure. Stations’with these pressures have given 
rev. per min. for 60 cycles. Smaller units up to as high satisfactory service with no unusual difficulties. In 
as 10,000-kw. capacity have, been made for operation fact, many of the expected serious difficulties with pipe 
at 3600 rev. per min. The Jargest 1800-rev. per min. joints and other details have so far failed to materialize, 
generator Tlesfened to date is the 89,412-kv-a. machine It may therefore be said that the way is clear for a 
for the high-pressure element of a triple-shaft unit now general increase in the steam pressures of all new plants, 
under construction, and tH6 largest 1500 rev. per min. An investigation of the properties of steam was 
generators on record have a capacity of 100,000 kv-a. started about five years ago and it is expected that this 
An indication of the rapidity of the development of the work will be completed in the near future. These data 
art is furnished by the fact that a little more than a year will b e of great value in designing high-pressure stations 
ago a 60,000-kw. generator was regarded as a con- and will hejp us to analyze the results obtained in 
servative maximum limit of capacity in 1800-rev. per actual operation. As to the most economical pressure, 
min. units. some engineers maintain the following: “From our 

It has been suggested by eminent authority on turbine present knowledge it is not likely that steam pressures 
design that some economies might be effected by a will very much exceed 400 pound s for all the main units 
system of standardization, which would limit the of stations with average load factors and 650 pounds 
number of sizes of machines built. The greatest for all the main units of stations carrying what is 
economy in first cost is obtained by using the highest commonly known as base load .” A 400-pound steam 
possible rotative speed, and the most profitable machine pressure plant is probably the most economical installa ; 
for builder and user alike is that of the greatest capacity tion for a small load factor or low price fuel. Further- . 
at the given speed. It would be an advantage from more, this pressure is very well adapted to the super-1 J 
the standpoint of investment to concentrate upon a imposition of a high-pressure steam cycle or a mercunr» 
relatively few standard capacities of large machines cycle at a later date when warranted by an increase^ ; 
for 1800-rev. per min., 60-cycle service, and 1500-rev. load factor or price of fuel. The experience at the *1 
per min., 25- and 50-cycle service. ■ A larger number of Edgar Station of The Edison Electric Illuminating 
standard capacities would be required in 3600-rev. Company of Boston and the Lakeside Station of the 
per min. turbines of capacities of 10,000 kw. and lower Milwaukee Electric Railway and Light Company 
for manufacturing requirements. In a growing power indicates that a boiler pressure of 1400 pounds per 
system having a number of interconnected stations, square inch is economically justified. Care must be 
a new unit of large capacity added tp the system may be taken, however, not to draw general conclusions from 
operated within quite a range of its capacity without any particular installation for the local conditions are 
greatly affecting the efficiency of operation of the a big factor in determining what pressure is the most 
system, and therefore it would seem desirable to choose economical one for any contemplated station. A cafeful 
the largest standard machine to secure the advantage of study must be made before a decision can be, reached 
lowest investment per kilowatt. ... as to the proper boiler pressure for any new station. 

Pressure. The desire to secure high efficiencies "in We must keep constantly in mind that the base load 
steam power plants has resulted in rapid increase in station of today will be the peak load station of to-, 
i pressure and temperature to a maximum of 1400 morrow, and this fact should not be overlooked when 
j pounds and 7sn deg, fahr. in this country. In the figuring the investment warranted. 

United States, the . boiler pressures in large (1 steam Temperature. The total temperature of steam has, 
power-plants have been confined to three .classes of in the last few years, been limited to 750 deg. fahr. for 
approximately 1400 pounds, 600 nminrls,' and 400 all pressures, while most of the plants are operating at 
pounds, the steam pressure aT the turbine throttle temperatures varying from 700 deg. fahr. to 725 deg. 
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separate drip return pumps for the two low-pressure 
heaters and for the evaporator condenser. It will be 
noted that the drains from the 5th stage heater are 
passed to the shell of the 10th stage heater, from 
which point the combined drains of these two heaters 
enter the flash tank, which cooperates with the evapora¬ 
tor condenser. This generating set will have a very 
high use-factor so the heaters have been chosen with 
close terminal temperature differences. The evapora¬ 
tors ahd heaters are of Griscom-Russell design with 
removable tube bundles. 

Reheating of the steam after it has completed a 
portion of its expansion, has proved satisfactory and 
successful where applied. Reheating in the boiler 
room however, requires large piping to and from the 
reheating boiler and also involves some loss in pressure 
which partially offsets the gains from reheating. This 
year has brought out *a new development largely 
overcoming these objections and it is now proposed to 


, fahr. There probably will become endeavor to resort 
to higher steam temperatures in,the future, but whether 
the increase in*temperature will be in decided steps by 
using special alloy steels, or whether there will be a 
gradual increase in*steam temperature from year to 
year, cannot be predicted at present. Much research has 
been and is being conducted on the physical character¬ 
istics of materials at high temperatures, a feature being 
the tests carried out under continued stress and tempera¬ 
ture. The general results will give opportunities for 
securing greater reliability under the maximum tem- 
• peratures which obtain today in power plant operation 
in this country. It is reported that there are plants in 
Europe operating on the straight steam cycle r 'at 
temperatures higher than 750 deg. fahr. but the general 
> adoption of higher temperatures for this cycle will 
depend upon the results of the research work now in 
progress. 

Bleeding and Reheating . Stage bleeding for heating 


Turbine 


v 5th State fat 74,800 Us./ Hr. 222 Lbs. tos. 390,7° f■ Total Heat ■ 1,322 6,1U, 


qOth Staga Ext. 63,100 Lbs,/ Hr. 96.2 Lbs. Ate. 325° F, Total tot -1,248 B. T, U- 


32,000 Lis. Hr. 5934 Lbs. 


Main 

mdenser 


32,000 U»./Hr.7(f > Fj 


i Heater Heater] 


37,140 Lbs./Hr.'\TMii 


' 1,069,100 Lbs./Hr. / 


169,900 lbs./Hr. 


1—Approximate Heat Diagram. Southern California Edison Co., Long Beach 
Steam Plant No. 3—No. 10 Unit 


the boiler feed water and evaporating the make-up reheat the steam at or near the turbine using high 
water has become almost standard practise and in most pressure live steam. 

of the large plants constructed recently, the bleeding is Voltage. With the increase in size of steam turbine- 
done in three or four, and in some cases five, separate driven generators, which today have reached amaximum 
stages. of 100,000 kv-a., an increase in the generator voltage is 

One method extensively used is bleeding in which desirable. It is well-known that this higher voltage 
the. feed water heating is done entirely by steam will, by decreasing the current, effect a considerable 
extracted from the main units. Such a scheme, in reduction in the co§t of busses, switches, cables, etc., 
which St four-stage extraction heating system con- and probably before very long many generators of 
tributes a final feed temperature of 383 deg. fahr., 50,000 kv-a. and upward will be wound for higher 
has been adopted for the 94,000-kw. turbine in Long voltages than have prevailed heretofore. As an 
•Beach Power Station, and is shown in Fig. 1. The illustration of this trend, there are now under con- 
evaporator and its separate condenser are interposed struction a 100,000-kv-a. generator for 16,500-volt 
between the 10th and 14th stage extractions, whieh is a operation, the generators for a 208,000-kwr>sross- 
thermally efficient disposal of this apparatus, by compound three-element unit to be operated at 22,000 
virtue of the fact that there is no external heat degra- volts, and also a single-shaft generator of 61,765liv-a. 
dation from the 10th stage to the 14th stage. It is that will operate at 22,000 volts. 

economically advisable in a set of this size to employ Generator Cooling and Fire Protection. It is almost 
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universal practise to employ the 'closed system of air 
circulation with surface air coolers for machines^ above 
6000 kw. and quite common practise on smaller 
machines. The possibility of using an inert gas con¬ 
tinuously has been suggested, but the predicted ad¬ 
vantages have not been considered sufficient to warrant 
its introduction. The use of hydrogen, because of fts 
lower density and higher specific heat promises many 
advantages, and provision is being made for its use at a 
later date in some machines now under construction. 

The introduction of the enclosed machine has resulted 
in the installation of a number of CO 2 fire extinguishing 
systems. Where this protection is used on generators 
and similar rotating electrical machines the C0 2 is 
injected in the intake air duct and a predetermined 
concentration isrmaintained until the machine comes to 
a stand still. Leakage during deceleration is com¬ 
pensated for by introducing additional gas at necessary 
intervals. This application* of course is particularly 
adapted to closed recirculating ventilating systems. 

The following are some ofUhe outstanding turbine and 
generatot installations recently completed or now 
under construction: 

Single Cylinder Turbine Units. The outstanding 
single cylinder turbine unit installations during 1926 
were the 60,000-kw. General Electric units at the 
Charles R. Huntley (formerly River) Power Station of 
the Buffalo General Electric Company and at the East 
River Power Station of phe New York Edison Company. 
The machine installed at Buffalo is supplied with steam 
at 250 lb. gage and 656 deg, fahr. The speed is 1500 . 
rev. per mm. and the generator is rated at 66,667 kv-a. 
At the East River Station the two 60,000-kw. 100 per 
cent poweK factor* units are also General Electric 
machines which are supplied with steam at 375 lb. gage 
and 700 deg. fahr. The turbines are twenty-stage 
impulseTypelmits operating at 1500 rev. per min. and 
are bled at three points for feed water heating. 

The record size single cylinder installation of 1926, 
however, will be exceeded by the addition now being 
installed in the Edgar Station of the Edison Electric 
Illuminating Company of Boston. This installation 
will include a 65,000-kw. single-cylinder General Elec¬ 
tric turbine, which will run at 1800 rev. per min. and 
drive a 75,000 kv-a. main generator and a 6250 kv-a. 
auxiliary generator. This turbine will operate on steam 
at 350 lb. gage and 725 deg, fahr. In addition to the 
65,000-kw. normal pressure unit, a‘ > 10.000-kw. 1200-lb. 
mot wi ll be installed which wfiTexhaust through"' 
reheaters into the 350-lb. steam header. The feed 
water will be heated with steam bled from three points 
of the 65,000-kw. unit and also from the exhaust of the 
) 1 0 r 00Q-kw. high-oressur e unit. 

Tandem-Compound Turbine Units. The largest tan¬ 
dem-compound (single-shaft) units in operation in 1926 
are the two 50,000-kw., 20-stage, impulse type, General 
Electric units at the Richmond Station of the Phila- 


JERATION ■ . 919 

delphia Electric Company, and the two 50,000-kw., # 
reaction type, Westinghouse units at the Hudson 
Avenue Station of the Brooklyn Edison Company. 
The Richmond Station units operate ata steam pressure 
of 385 lb. and 675 deg. fahr. total temperature. The 
speed is 1800 rev per mi n, and the generators are rated . 
at 62,500 kv-a., furnishing power at 14,000 je qLLs» 60 
cycles. The generators are cooled by two motor-driven 
external fans, solidly connected to the generator leads * 
through transformers. Recent tests indicate, however, 
that the Richmond Station units can be given a higher 
rating, which has been tentatively and probably will be • 
finally fixed at 60,000 kw., 0.85 power factor, i. e., 70,600 
kv’-a. The machines at the Hudson Avenue Station are 
supplied with steam at 265 lb. and 611 deg , fahr^total 
temperature. The speed is 1200 rev, per miip and the 
generator capacity is 62,500 kv-a. 

The 50,000-kw., tandem-compound, Allis-Chalmers 
turbine generator unit recently placed in operation at 
the Waukegan Station of the Public Service Company of 
Northern Illinois is also a notable installation, in that 
the steam pressure will be 600 l b. gage and the total 
steam temperatur e 72 5 deg. fahr._ The generator is 
rated at 58,800 kv-a., the speed being 1800 rev. per min. 
The exciter will be direct-connected to the shaft. The 
turbine will <be provided with five extraction nozzles. 

The Southern California Edison Company will install 
at its new Long Beach Power Station No. 3, a 94,000- 
kw., 1500-rev. per min. single-shaft, tandem-compound, 
turbine generator unit. This will be a 21-stage, impulse 
type, General Electric unit, and will be the largest 
single-shaft turbine on record. The turbine will have 
two cylinders with complete double flow of the steam in 
the low-pressure cylinder. The steam pressure at thq 
turbine will be 400 lb. gage and 725 deg. fahr. total 
temperature, and there wiirbeTouTexTractidh poiffts for 
heating feed water to a total temperature of 383 dgg. 
fahr. The turbine will be direct connected to a 100,000- 
kv-a., 16,500-volt, 50-cycle generator with a 5000-kv-a. 
•auxiliary generator and 60-kw. exciteffor the auxiliary 
generator on the same shaft. 

Cross-Compound Turbine Units. The largest cross¬ 
compound turbine generator unit placed in operation in 
1926 was the 80,000-kw. Westinghouse unit at the 
Hudson Avenue Station of the Brooklyn Edison Com¬ 
pany. This consists of one high-pressure and one low- 
pressure cylinder operating at 1800 rev. per min., each 
driving a 45,000-kv-a. generator, with the exciter direct- 
connected to the high-pressure element. Steam is 
supplied at 375 lb. and 700 deg, fahr. total temperature. 
The high-pressure element is a combination impulse 
reaction turbine, while the low-pressure element is a* 
double flow reaction turbine. 

All previous records of turbine sizes will be exceeded 
by the remarkable cross-compound units now in course 
of construction—the 104,000-kw. Westinghouse unit for 
the Crawford Avenue Station of the Commonwealth 
Edison Company, the 108,700-kw. Westinghouse unit 
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of the condensing surface. *The speed of each of the two 
lines of shafting Will be 1800 rev. per min. and there 
will be two main generators. 

The reheating of the exhaust steam from the high- 
pressure element by means of live steam from the high- 
pressure header is a new departure^ that is also being 
installed for the 91,500-kw. unit •under construction 
for this station. 

After the 104,000-kw. Und 91,500-kw. units are in¬ 
stalled* and including the 77,000-kw. unit recently 
placed in operation, the total installed generating capac¬ 
ity of the Crawford Avenue Station will be 432,500-kw. 

The Brooklyn Edison Company has just closed an 
order for a Westinghouse 108,700-kw., 80 per cent power 
factor (136,000 kv-a.), 60-cycle, three-phase, 13,800- 
volt, cross-compound, two-element steam generating 


( for the Hudson Avenue Station of the Brooklyn Edison 

( Company, the 160,000-kw. American Brown Boveri 
unit for the Hell Gate Power Station of the United- 
Electric Light and Power Company, the 165,000-kw. 
General Electric unit for the Philo Power Station of the 
■ Ohio Power Company and the 208,000-kw. General 
Electric unit for the State Line Power Station of the 
Commonwealth Edison system. 

The 104,000-kw. Westinghouse unit (Fig. 2), for the^ 
Crawford Avenue Station is unique in that it was 
designed as a base load unit. The leaving loss of this 
•unit is reduced to a minimum and is approximately 
1 per cent at the econo m ical load and 1 % per cent at the 
maximum load, in both cases when steam is being bled 
at four extraction points for heating its own feed water. 
To secure this low leaving loss, the triple-flow, low-pres- 
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25 feet by 69 feet. Owing to the limited ffioor space, absolute. The exhaust steam from the high-pres*sure 
the turbine was designed as a two-cylinder machine element will be reheated with live steam from the 
with two lines of shafting (cross-compound) and it is a high-pressure header. Eight Allis-ChalmSrs condensers 
pure reaction turbine. The high-pressure element has having a surface of 22,000 sq. ft. each will be used with 
a capacity of 75,000 lew. at 1800 rev. per min., and the the 208,000-kw. unit. There will he five extraction 
low-pressure element can deliver 85,000 lew. at 1200 points, including the cross-over, from & maximum of 
rev. per min. Steam, will be supplied to the high-pres- 7 380 lb. absolute to a minimum of 9.4 lb. absolute, 
sure element at 265 lb. and 600 deg. fahr. totaltempera- An interesting four-cylinder compound turbine gen- 
ture. There will be extraction at two stages for heating erator unit has been reported in the technical press as 
feed water, one at the.low-pressure element inlet and being under construction by the Allgemeine Elek- 

tricitats Gesellschaft for a new superpower station in 

The unit will have a maximum 
A high-pressure-and an inter¬ 
mediate cylinder are arranged in tandem, dri vin g a 
single generator and there are two low-pressure cylinders 
in tandem driving a second generator, the speed of both 
generators being 1500 rev. per min. The initial steam 
pressure and temperature are 500 lb. absolute and 

In the first stage a small 
Curtis wheel is installed and the remainder of the high 


one at about the middle of the low-pressure element. 

The alternators are built for a continuous output of the suburbs of Berlin, 

188,200 kv-a. at 13,800 volts and 60 cycles, the capaci- rating of 85,000 kw. 

. ties of the generators driven by the high- and low-pres¬ 
sure turbines being 88,200 kv-a. and 100,000 kv-a., 
respectively. This unit will be required at present for 
a normal service of 50,000 to 100,000 kw., but in the 
event of one or more of the existing units failing, it must 

be able to take over 160,00© kw. continuously. In 750 deg. fahr., respectively, 
spite of the^arfe overload, it was therefore necessary 
for the unit to have a high efficiency at a small load and 
it was designed with a flat efficiency curve. 

The 165,000-kw. unit at the Philo Station will consist 
of one high-pressure and two low-pressure elements, 
each element having a speed of 1800 rev. per min. the 
high-pressure element having a capacity of 49,000 kw. 
and each low-pressure 55,000 kw. There will be in 
addition to the main generators, two 3000-kw. direct- 
connected auxiliary generators. Alternating current 
will be delivered at 11,000 volts, 60 cycles. The main 
generators will have a capacity of 57,647 kv-a. and 
64,706 kv-a., each for the high-and low-pressure tur¬ 
bines respectively, and the auxiliary generators 4286 
kv-a. each. Steam will be delivered to this machine at 

600 lb. 725 deg. fahr. total temperature a^d there will Fig. 3—Arrangement of 2i 
be five extraction points for feed water heating, the Tt-rbixe Generator Unit for : 
highest point having a pressure of 360 lb. absolute, and op TSB CoMMONWEALTH Edison i 
the lowest 6.15 lb. absolute. The initial steam pressure . . , ,. , 

for the low-pressure element will be 126 lb. absolute ^ es + sure and intermediate-! 

725 deg. fahr. total temperature after reheating. 30 stages of simple pressure 

The largest unit on record anywhere, is the 208,000- Th " ^P ressu f tu ? 4 

kw. three-element machine now under construction action blading m each, and f 

fnr fho Qfa+o t T 3 iov,+ t ' v- ■. • i_ • two casings in opposite dire 

ior tne state Line Plant, a plan of which is shown m . 

Flo- 3 T+ ™T 1 „ na nnn l , • , the axial thrust, 

rig. 6. it will consist of a 76,000-kw. high-pressure •» 

element and two 62,000-kw. low-pressure elements, all Conde 

elements operating at 1800 rev. per min. Each of the The factors governing the performance of a condenser 
two low-pressure turbines also operate a 4000-kw., are coming to be better understood. With increased 
direct-connected, auxiliary generator. The main gen- knowledge of condenser performance and its relation 
erators will be wound for the remarkably high voltage to the cost of producing electrical energy, much at- 
of 22,000, the frequency being 60 cycles. The generator tention has been paid in the last few years to increasing 
driven by the high-pressure turbine will have a capacity the efficiency of this apparatus. Condensers are now 
of 89,412 kv-a., the two generators driven by low- chosen on a capitalized basis, wherein initial cost, 
pressure turbines, 72,941 kv-a, each, and the auxiliary vacuum, power consumed by auxiliaries, and reliability 
generators 5333 kv-a. each. The high pressure element are all given monetary value. 

pressure of 600 lb. Condensers as measured by steam capacity have kept 
fahr., and the steam pace with the growth of turbine sizes. Although still 
h- and low-pressure larger units can be built, there is a tendency because of 
•essure being 110 lb. construction and installation difficulties, toward the 


4000 K.W.Aux. Generator 
-62000 K.W.Generator. 


r] 76000 K.W. 
' Jr Generator 


•Condenser 


Condenser 
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use of divided units for very large sizes. As an indica¬ 
tion of this trend, the largest "turbine on record to date 
will have eigHt condensers which will handle a total pf 
1,600,000 lb. of steam per hour. 

There has been a marked reduction in the ratio of 
square feet ok condenser surface to kw. capacity of 
the turbine. This has been brought about because of a 
more intelligent arrangement of tubes in providing 
lanes that give a proper direction of the steam 
bleeding of turbines and improved turbine water rates. 
An investigation regarding condenser installations in 
modern power plants shows that, among forty of the 
most prominent power stations completed within the 
last two years, only two have a ratio of 'condenser 
surface to kilowatt of normal turbine capacity wider 
1.0. This ratio for the different stations varies con¬ 
siderably, one being as high as 2.75, and the average for 
all stations being 1.396. This year however, has seen 
a further reduction in the amount of condensing surface 
per kilowatt of normal turbine capacity. Considering 
the condensers of appreciable size now under construc¬ 
tion, 50 per cent of them have a ratio of less than 1.0, 
the four largest ones averaging 0.86, the lowest one of 
the four being 0.77. The problem of selecting a con¬ 
denser for a particular unit is essentially,, one of an 
economic nature, and the ratio recommended by the 
different manufacturers may vary considerably ac¬ 
cording to the condenser design of the individual 
manufacturer. 

The single-pass condenser has been gaining in 
favor whereas up to within the last two years the two- 
pass condenser was almost universally used. There 
appears to be a decided tendency toward the use of 
both vertical- and horizontal single-pass condensers. 
The first single-pass vertical condensers to be built are 
now under construction for the Long Beach Station and 
will be installed early in 1928. There is also under 
construction, vertical bottom inlet, single-pass conden¬ 
sers for the 104,000-kw. and the 208,000-kw. units to be 
installed in the Chicago district. 

A recent unique development in tube sheet construc¬ 
tion which is claimed to eliminate leakage, will be 
applied to several condensers now being built. These 
condensers will have a floating tube sheet at one end 
with a rubber expansion joint between the tube sheet 
and the condenser shell. With this arrangement the 
tubes are expanded into both tube plates rigidly, the 
movement of expansion and contraction being taken 
up in the floating tube head. 

Tube cleaning still presents a considerable field for 
investigation. During the past year experiments were 
conducted on a large condenser in one of the plants in 
the Chicago district operating on very foul circulating 
water, to show the effect of velocities on keeping tubes 
clean and decreasing the rapidity of slime formation. 
The results of approximately a month’s run showed that 
the higher the velocity, the cleaner the average condi-; 
tion of the tubes. Also that flushing these tubes period¬ 


ically at relatively higher‘velocities for short periods 
tended to return the efficiency of the tubes , to their 
original .condition at the start of the run. 

Condensers built with divided water boxes and pro¬ 
vided with two circulating pumps are becoming in¬ 
creasingly popular, as it permits cleaning one-half while 
Che other half is in service. 0 r 

Improvements have been made in the construction of 
hot-wells, so as to cause violent ebullition of the con¬ 
densate before discharging into the suction of the 
pump. In one form of construction the condensate is 
exposed to a lower absolute pressure before discharging 
to the pump and in another form the drips from the 
bleeder heaters are led into the comparatively cool 
condensate. The resulting ebullition in each case has 
been found to be particularly successful in effecting 
deaeration. This construction may eliminate the 
necessity for deaerators.^ 

Motor-driven auxiliaries are in the majority and there 
is a tendency toward the use of duplicate-units. The 
prevailing practise seems to limit ther number of cir¬ 
culating pumps to two per condenser, providing for 
each an independent source of power supply. 

In a number of cases, condensers and piping have 
been arranged in such a manner as to permit the reversal 
of flow of the circulating water through the condenser 
tubes. This arrangement makes it possible to wash 
the trash out from the tube ends and water boxes, and 
it is particularly justified economically in cases where 
the water carries a considerable amount of trash most 
of the time. 

An interesting development which has recently been 
applied to large power stations is a vertical screw 
impeller type of circulating water pump having high 
efficiency at low heads which is "so designed that the 
pump may be located in a pit below the intake water 
level. It is therefore always primed and presents the 
advantage of being able to deliver water to the con¬ 
denser without the necessity of priming suction 
and discharge lines. 

The following are some of the outstanding condensers 
now under construction or recently placed in 
operation: 

The 208,000-kw. turbine unit for the State Line 
Station of the Commonwealth Edison system will have 
eight Allis-Chaln’iers condensers of 22,000 sq. ft. 
cooling surface each or a total of 176,000 sq. ft., two 
condensers serving each of the low-pressure ends of the 
two double-flow,* low-pressure turbines.' The con¬ 
densers will be of the vertical, single-pass type, the 
circulating water entering the lower water box, passing 
upward through the tubes, and discharging downward 
through two over-flow pipes contained in the condenser 
shell. With a circulating water rate of 360,000 gallons 
per minute, it is capable of condensing 1,600,000 lb. of 
steam per hour. There will be four vertical circulating 
pumps placed in a crib house outside the generating 
station. 
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At the Crawford Avenue Station of the Common¬ 
wealth Edison Company, the 104,000-kw. unit will be Bi 
served by a total of 90,000 square feet of condensing tcw r c 
surface composed of six 15,000-sq. ft. vertical West- ra tn 
inghouse condensers of the single-pass, radial flow sur f; 
design, which will b # e capable of condensing a total of bust 
730,000 lb. of steam «per hour. Circulating water will cos t. 
be sent up through a center pipe and down through the 
tubes at a rate of 180,000 gallons per minute, two dustry. 
Vertical pumps being used. T 

In the condensers for the 94,000-kw. unit for the 
Long Beach Station of the Southern California Edison 
Company, provision will be made for reversing the 
flow of circulating water in order to clean the tubes. 

There will be four Ingersoll-Rand condensers for this 
unit and they will be of the vertical, single-pass type 
having 20,000 sq. ft. of cooling surface each, or 80,000 
sq. ft. in all. 


The boiler will grow in size with the rest of the in- 

One new station has been designed so that one * 
boiler can readily generate all the steam needed to 
carry the main turbine, and a capacity of over 35,000 
kw. has been developed with ease. It is reported that • 
one boiler has already developed sufficient capacity to 
generate all the steam required for a 50,000-kw. unit. 
This'has come about, through operation at very high 
evaporative rates made possible by substituting water 
cooled walls for those refractory lined. The use of 
Two motor-driven pumps will supply water-cooled furnace wglls and bottoms, resulting in a 
approximately j.50,000 gallons of circulating water per large percentage of the heat absorption taking place 
minute. . in the furnace at heat transfer rates in the neighborhood 

An instance of the trend toward a decreasing ratio of of 60,000 B. t. u. per sq. ft. per hour, requires a readjust- 
condensing surface to turbine capacity is the 25,000- ment of the boiler heating surface involving a reduction 
sq. ft., single-pass, Wheeler condenser for the 31,500-kw. in that portion receiving heat solely by convection, 
unit to be installed at the Cabin Creek, W. Va., Power This change caused higher boiler outlet gas temperatures 
Station of the Appalachian Power and Light Company, which were reduced to very low values before entering 
The ratio of condensing surface to turbine capacity will the stack, by 'She extensive use of air preheaters and the 
be 0.793 sq. ft. per kw. Provision will be made for adoption of water heating surface in the form of inte- 
reversing the flow of circulating water and an external gral steaming economizers of relatively low cost as 
1500-sq. ft. air cooler will be used. compared with water heating surface in the boiler 

The 50,000-sq. ft., single-pass, Wheeler condenserfor P ro P er - The use of economizers has been stimulated 
the 55,000-kw. unit being constructed for the Pekin the use of hi S her steam pressures permitting higher 
Power Station of the Super Power Company of Illinois feed water temperatures so that m some cases both air 
will also have provision for reversing the flow of circu- heaters and economizers may prove economically 
lating water.. Specially built-in valves in the water justifiable. . • 

chambers jrill be provided for this purpose, and there That boiler desi S ns 3X6 not °nly being modified and 
will be a 5000-sq. ft. external air cooler. extended to huge proportions but also are being radi- 

j * t £ . «n „ cally altered, is evidenced by the advent of the so-called 

1 he unique development m design of using a ' floating ^ ~ 1 ml . . , 

tube sheet will be applied in the case of the 25,200- Combustion Steam Generator. This equipment util- 

sq. ft. single-pass, Wheeler condenser for the 30,000- Iz “? p “ ly ® nze ? f “ d > 18 * ": oe,lt .product of the Inter- 

kw. unit for the Virginia Electric and Power Company ^tional Combustion Engmemng Corporation and 

at Norfolk, Va. A storage hotwell will also be provided refl f te tl ? e 1 ( f nd toward I>. ? her ratings completely 

for this condenser and there will be a 2000 -sq. ft. water-cooled furnaces reduction of convection heating 

external air cooler surface, and intense turbulence of the furnace gases. 

^ , „ , . . , Twelve of these units have*been contracted for, some of 

pother instance of the trend of decreasing ratio of whieh are ready to go into service , and others are in 

condenser surface to turbine capacity is the two pass, course of erection . Considerable interest is being 
QunnL n ., ^ Worthl ^ t ^ n condenser for the manifested in this development and the performance 
w! T be “ g c ° nsb * uc ted ^ for the Crawford of the equipmen t will be closely watched. 

ml i h6 i Commonw , ea h ® dl f° n Com ' The benefits of highly preheated air both foi-stokers 
Z' nr a 77 ° a f , C ° n y Smg sur ^ ace Wld be 70,520 and f or powdered coal firing are becoming more gen- 
. sq. .per . erally realized. Developments in air preheaters have 

One of the largest condensers being built is that for been rapid. It is probable that new stations will • 
vvf 4L250-kw. turbine for the Colfax Station of the install air preheaters of such a capacity that the flue 
Duquesne Light Company. It is a Westinghouse gases will be cooled to relatively low temperatures, 
radial flow, two pass type with divided water boxes, There have been no unusual developments in the 
having a tube surface of 62,500 sq. ft. Steam will be design of superheaters during the past year except that 
condensed at the rate of 412,000 lb. per hour when manufacturers are ready to offer superheaters to furnish 
using 72,500 gallons of circulating water per minute. steam at a maximum of 900 deg. fahr. The preferential 
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location df the superheater for high temperature seems 
to be in the inter-deck position, although a few installa¬ 
tions have been made of the combination convection- 
radiant type. A novel arrangement in the Fordson 
Plant consists of placing the superheater tubes in the 
side walls of the furnace and behind a protecting screen 
of water tubes. 

Owing to the rapid development in the utilization oi 
high-pressure and high-temperature steam, it has 
frequently been found advisable, when constructing 
additions to existing stations, to select a higher steam 
pressure and temperature for the new part, than is 
used in the old part of a station. The benefits secured, 
from the standpoint of economy, generally outweigh the 
complications introduced when operating sections of a 
station at different pressures* and temperatures. This 
is one satisfactory answer to the question, “What is 
to be done with old steam generating stations?” The 
steam connection necessary between the two sections of 
a plant so operated must contain, of course, reducing 
valves and desuperheating equipment. Reliable and 
economical operation has been aided by adapting auto¬ 
matic control equipment to regulate the flow of steam 
through this apparatus. 

An installation embodying a desuperheater and re¬ 
ducing valves, operated automatically by-a system using 
compressed air, is that at the Hudson Avenue Station, 
between its high- and low-pressure sections. The 
regulating valve of the desuperheater is controlled 
primarily by the flow of superheated steam through 
the desuperheater and secondarily by the temperature 
of the outgoing steam. The steam is desuperheated 
by passing through tubes surrounded by water at a 
, controlled level. Inasmuch as the pressure of the water 
is such that the saturation temperatures of steanf and 
water are not very different, it is not likely that the 
desuperheated steam will ever become wet. 

Stokers and Furnaces 

The inherent nature of the combustion problem neces¬ 
sarily obviates any spectacular accomplishments in 
the stoker field and limits the gains to what might be 
termed detailed refinements. 

The insistent demand forxonstantly increasing steam 
output with high efficiency is characteristic of present 
day practise. So far, the boiler units have increased 
in horse-power rating at a greater ratio than in width. 
This has called for stokers of constantly increasing 
length.with longer time-interval for the burning of the 
fuel and added complications in its distribution over 
such a length of grate surface. 

- Two factors have contributed in large measure, to 
the successful application of long stokers—means for 
the exact control of the movement of the fuel through¬ 
out the retort and regulation of the air to unit sections 
of the stoker according to the condition of the fuel 
bed at each individual section. 

Up to the present time, boiler and stoker equipment 
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has generally been selected without much reference 
the .heat exchanges of the plant as a whole. Th< 
development of such heat reclaiming devices as water- 
walls, preheaters and economizers is gradually bringing 
about a tendency to consider the heat exchanges of the 
entire plant in the selection of thg fuel burning equip¬ 
ment. There is also evidence indicating that joint 
selection of steam generating and fuel burning equip¬ 
ment is preferred to separate selection of the former 
without regard to its influence in the selection of the 
latter. 

The recent developments in stokers for use with pre¬ 
heated air, have resulted in an appreciable reduction in 
furnace volume and an improvement in performance. 
.There are under construction very large stokers which 
will be regularly operated with air preheated to about 
400 deg. fahr. These stokers are being arranged for 
operation with air preheated to a maximum of approxi¬ 
mately 600 deg. fahr.,«for the purpose ot obtaining’ 
information as to their operating characteristics under 
such conditions. When air is preheated to high tem¬ 
peratures, it is necessary, because of its relatively large 
specific volume, that it pass through the fire bed at high 
velocities in order to maintain high rates of combustion 
per square foot of grate surface. There are some who 
maintain that there will be a considerable agitation 
of fuel on the grates with high air velocities and there¬ 
fore the use of air preheated to a high temperature will 
result in reduced rates of combustion in stoker fired 
furnaces when air velocities stre held down to rates that 
are not excessive. 

As an indication of the trend toward the great increase 
in fuel burning capacity per foot of furnace width, 
stokers with 45 tuyeres that wil] underfeed coal for a 
distance of «L6 ft. are being installed in frfmaces 19 feet 
5-11/16 inches from the inside of front wall* to the rear 
breaker apron of the clinker grinders, in extensions to 
the Edgar Station. Stokers of the same length will be 
installed in the Saginaw River Station of the Consumers 
Power Company in Michigan. Also in the Hudson 
Avenue Power Station there were installed, during the 
past year, stokers with 39 tuyeres underfeeding coal 
for a distance of 15 ft. A stoker for a furnace 19 ft. 1 in. 
from face of bridge wall to face of front wall has just 
been ordered by the Stamford (Conn.) Gas & Electric 
Company. 

For the purpose of showing the recent marked im¬ 
provement in underfeed stoker development, Fig. 4 is 
given which compares the performance of underfeed 
gtokers only three years old, with that which is claimed 
by one manufacturer, for a unit on the present basis 
of design up to 700 per cent of boiler rating. 

Probably the most radical change in any phase of 
central station design is in the furnace. It is significant 
that water-cooled walls with certain amounts of ex¬ 
posed refractory surface have been installed to an 
increasing extent during the past year, particularly in 
stoker installations such as at Richmond, Hudson 
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Avenue and Edgar Stations. However,, engineers 
have not yet reached any final conclusion in regard to 
the proper proportion of refractory surface to, install 
in such furnace walls. 

In the proposed addition to the boiler house at 
Kearny, to be stoker fired as is the original installation, 
all four walls will beVater cooled by tubes with slight 5 
refractory material showing between tubes. Powdered 
fuel furnaces, such as are installed at Calumet, Fordson, 
Kipps Bay, East River and Charles R. Huntley plants, 
apparently lend themselves more readily to complete 
water cooling than do stoker-fired furnaces. 

The introduction of water walls has made possible 
the increasing of capacity of boilers to a point never even 
dreamed of three years ago. Before water walls 
were developed it was impossible to operate boilers 
continuously at high ratings owing to the limitations 
of refractory materials used. ^ Now it is apparently 
only a question of the amount of fuel which can be 
burned within the furnace walls. 

Furnace cooliiffe by water walls has stimulated the use 
of air preheaters and it can Be said these two pieces of 
equipment go hand in hand. The regenerative cycle 



Fig. 4—Development of Boiler and Stoker Performances 
DURING THE PAST 17 YEARS 

with its high temperature feed water coming to the 
boiler room, minimizes the absorption of heat from the 
flue gases by an economizer unless it be of the steaming 
type. The ability of the preheater under these con¬ 
ditions to lower the flue gas temperature below the 
temperature possible to obtain with an economizer 
alone, has frequently dictated the installation of the 
preheater rather than an economizer. 

With brick walls it was impossible to take full ad¬ 
vantage of the benefits of the air preheater, as higher 
furnace temperatures resulted in excessive maintenance 
of the refractory walls. With water cooled walls the 
limits to the degree of preheat are fixed by the character 
of the fuel when burned on stokers, the material used 
in the manufacture of the preheater, or the highest 
velocity of the air through the tuyeres, that will not 
blow the coal off the grates. In some cases it has been 
necessary to install an economizer before the air heater 
in order to hold down the temperature of the gases. 

The size of pulverized fuel furnaces for a given 
amount of heat liberated is definitely on the decline. 


Turbulence accomplished in one way or another • to 
secure agitation and rapid mixing of air and carbon, 
greatly accelerating and improving combustion, has 
obviated the need for large combustion chambers 
formerly thought necessary to accomplish the same 
result. Preheated air and water cooled walls have also 
played a part in the reduction of furnace volume. All 
of these factors have either permitted or dictated that 
leSs excess air be introduced in the furnace thus allowing 
a smaller combustion space. 

Pulverized Fuel 

A striking feature in the expansion of pulverized fuel 
firing is the introduction of this form of combustion 
into a number of large outstanding steam generating 
stations during the pa^t year. When it is recalled that 
the first major installation was made in connection with 
a 40,000-kw. plant in 1921, the development of burning 
pulverized fuel become impressive when it is con¬ 
sidered that six years later it has been adopted for the 
power station which will have the largest generating 
unit on record. 

In a comparatively short period of rapid growth it is 
perhaps natural that the best method of utilizing this 
system of combustion has not yet been defined generally. 
For example, turbulence is accomplished in several 
ways, each wSy requiring radically different furnaces; 
dryers of different types are installed in some cases and 
not in others. Further, quite a number of installations 
of unit pulverizers have been made in the last two years, 
but there is still a difference of opinion among engineers 
in regard to the question of unit mills as compared to the 
storage or central system. At the present time, each 
individual case must be studied at length, giving full 
consideration to operating conditions, price and kind of 
fuel, operating costs and fixed charges. Results from 
unit system installations are becoming available and 
the characteristics of this type of firing show many 
peculiarities which should be carefully considered, 
particularly in central station application. These 
results no doubt will permit of a better comparison 
relative to lower combined operating costs and fixed 
charges when considering stokers or the storage system 
of pulverized fuel. 

Considerable progress has been made in the last year 
in improvements of apparatus directly connected with 
pulverized fuel, and there seems to have been a radical 
departure from many previous methods of applying 
this system of firing to the steam boiler. 

Four factors of primary importance are, the prelimi¬ 
nary preparation of coal including drying, fineness of 
pulverization, turbulence in burning and furnace 
volume, all of which have been and are still being 
intensely studied. One of the most important single 
factors in the combustion of pulverized fuel is mixing 
of the air and coal streams. The intimate mixing of the 
secondary air with the primary air and coal immediately 
upon leaving the burners produces a turbulence which 
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persists throughout the zone of flame activity, thereby power stations in'the east, and the companies report 
completing combustion in "a minimum of time and satisfactory performance of the equipment. Results 
space. In o*rder to keep the dimensions of the furnace show that daily operating efficiencies are maintained 
within reasonable limits, it is likely that the tangential within 2 per cent of test efficiencies, 
system of introducing the fuel will be most favored, as , „ ... , 

greater use of furnace volume can be secured. The The fofomng are some of the outstanding installations of 

importance of the intense turbulence is generally " bmler room recentiy completed, or 

recognized and designers of coal burning equipment Un er consrucwn - 

have endeavored to obtain this in various ways, n r The second boiler inrthis country to generate steam 
If a forecast can be made of developments, these will at * pressure of more than 1000 pounds went into 
include turbulent firing, simplified storage systems, operation late in 1926 at the Lakeside Station. This is 
methods of drying of the fuel and mills of greatly a sm ® le three drum Stirling boiler built for a working 
increased capacity. Through these developments still pressure of 1390 pounds and contains 28,532 sq. ft. of 
greater advantages will be realized by the use of pul- heatin g surface. . The drums are forged steel 41 ft. 
verized fuel in central station practise. The opinion 6 in. long, 40 in. inside diameter and 5 in. thick. The 
has been expressed that powdered fuel firing will prob- walls of the furnace are formed, by radiant heat super- 
ably be the standard method of the future as it will be heaters on the sides designed to give an ultimate tern- 
impossible to bum sufficient coal per square foot on a Perature of 720 deg. fahr., by a radiant heat resuper¬ 
stoker to develop the capacities which will be required, beater on the rear wall^designed to reheat the steam 
However no clear cut supremacy has as yet been from 447 de S- fahr - at 317 pounds pressure to approxi- 
demonstrated and the fact must not be lost sight of that ma tely 720 deg. fahr., and by fin cooling tubes on the 
stoker development has proceeded at a brisk pace with front wal1 - Pulverized cGal equipment s used with a 
no indications of a diminution. P. late air heater of 20,160 sq. in., designed to preheat the 

The rapid introduction of pulverized fuel into steam a * r fahr. at maximum load, 

generating stations is indicated by the factrthat at the Four additional' high-pressure boilers are planned, 
present time 40 public utility plants in the United two being under construction, for the Edgar Station. 
States either partially or fully operate with pulverized The two units are B. & W. boilers built for a working < 
coal, the aggregate generator capacity so fired being pressure of 1400 pounds, with a heating surface of 15,090 
2 , 200,000 kw. This is exclusive of several installations sq. ft- each, the drums being 4% in. thick, 48 in. 
in steam heating plants. In addition to this there are inside diameter and 38 ft. 4 in. long. Each unit is 
now under construction five new plants and extensions equipped with a primary -superheater designed to give 
to two old plants, having together a total capacity of an ultimate temperature of 725 deg. fahr., and a reheater 
440,000 kw., all of which will be operated with pul- unit to give an ultimate temperature of 750 deg. fahr., 

verized coal.. The significance of-these figures can both at an output of 200,000 pounds of steam per hour, 

better be appreciated from the following tabulation: The economizers are the wrought steel return bend 

type with 5596 sq. ft. of heating surface each, and the 
r pulverized goal installations tubular air heaters each contain 33,032 sq. ft. The 

. ... No. Capacity, kw. boilers are fired with Taylor underfeed stokers having 

40 2 200 0 QO retorts and 45 tuyeres, the largest of their type ever 

7 Wooer built. These stokers, using preheated air, are capable 
47 2 64 oooo burn i n & 37,700 pounds of coal per hour, and are 

provided with means for manually regulating the 
27 1.700.000 supply of air to various parts of the fire according 

27 2 , 250,000 to the condition of the fuel bed at each part. The 

furnace will be equipped with Bailey side and rear walls, 
Automatic Combustion Control and a ventilated Bigelow hung front wall. 

Considerable progress has been made in the develop- An ultra high-pressure boiler and .turbine installation 
mdnt and application of automatic combustion control is planned for thg Northeast Power Station of the 
equipment to stoker firing, pulverized fuel and oil bum- Kansas City Power and Light Company, but has 
ing. Engineers are giving increased attention to this npt yet assumed definite enough form to warrant publi- 
equipment which, judging from the number of installa- cation of any details. 

. tions in operation at the present time, is apparently European manufacturers are experimenting with ultra 
well advanced from the development stage and should high pressure steam generation. It is reported that an 
assume a major role in the process of converting the installation of 18,000 kw. capacity is near completion 
heat in the coal to heat in steam in the most economical and that the boiler in which water is evaporated by 
manner possible. superheated steam will supply steam at a pressure of 

Complete automatic combustion control has been in 1500 to 1700 pounds. The boiler setting contains only 
operation for some time in several of the outstanding a superheater and economizer. 


Installations in operation. 

Installations under construction 


Total. 

Installations in operation and under construction, 

entirely operated with pulverized coal.. 

Plants with 40,000 kw. capacity or more, operated 
with pulverized coal... 9 .. 
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The redesigning and rebuilding of No. 2,boiler and 
furnace unit at the Fordson Plant,»illustrates the 
tendency to secure the maximum capacity from a single . 
unit. This unit is a Ladd boiler of originally 26,470 

sq. ft. of heating surface with a furnace designed to 
burn pulverized coal, blast furnace gas, oil, tar and 
coke oven gas, either singly or in combination. At" 
the time of installation this boiler and three more of 
identical pattern in the Fordson Plant were the largest 
ever built. By adding 12 per cent of the total water¬ 
heating surface in th£ form of water screens in the 
bottom of the furnace, equipping the side walls with 
fin tubes and radiant superheaters, protecting the 
arches with water tubes besides doubling the number of 
burners and installing air preheaters the actual steaming 
capacity was increased 100 per cent. A peak output 
of 500,000 pounds of steam has been attained, which 
is said to be a record for a single unit. 

There are being installed in tl^e Stanton Power Station 
of the Pennsylvania Power & Light Company, six stand¬ 
ard and two reheater B. & W. cross drum boilers built 
for a working pressure of 732 pounds and to be operated 
at approximately 650 pounds pressure. The standard 
boilers contain 17,962 sq. ft. of heating surface each 
and are equipped with superheaters designed to give 
an ultimate temperature of 750 deg. fahr. at an output 
of 150,000 pounds of steam per hour. The reheater 
units contain 5978 sq. ft. of heating surface each, 
and are equipped with primary superheaters to give 
740 deg. fahr. at an output of 81,000 pounds of steam 
per hour, and with reheater elements designed to reheat 
the low pressure steam to 730-740 deg. fahr. The 
boilers will be fired by B. & W. chain grate stokers 24 
feet by 22 feet burning anthracite slush with preheated 

air. 

An experimental powdered coal installation has 
been in service in the Calumet Station since November 
15, 1926. The heating surface of the unit is divided as 


follows: 

Boiler Heating Surface. 5,938 sq. ft. 

Furnace Heating Surface. 2,460 sq. ft. 

Steaming Economizer Surface... 8,365 sq. ft. 


Total Water Surface. 16,763 sq. ft. 

Air Heater Surface. 41,700 sq. ft. 


This boiler has been operated for short intervals at a 
rate of 300,000 pounds of steam per hour, but this 
rate could not be maintained for longer periods because 
of the lack of pump capacity. This, rate corresponds 
to an evaporation per square foot of total water surface 
of 17.9 pounds or an evaporation of 35.7 pounds per, 
sq. ft. on the basis of combined boiler and furnace 
heating surface. 

The operation of this Calumet boiler equipment has 
proven to be so satisfactory that orders have been 
placed forfive similar units for the State Line Generating 
Company, State Line, Ind. The entire arrangement of 
these units will be similar to the Calumet equipment 
as to boilers, superheaters, economizers, air heaters, 


Bailey furnaces, Calumet burners and Fuller-Leliigh 
unit mill pulverized coal equipment, with the excep¬ 
tion that the boilers will be built foy a forking pres¬ 
sure of 800 pounds to operate at about 600 pounds 
pressure. The individual units, however, will be 
much larger than the Calumet unit, the boiler drums 
being 52 inches in diameter, 3}4 in. thick and forged 
instead of riveted. 

'Satisfying the demand for still larger units, there is 
being installed in station “C”, for the Pacific Gas & 
Electric Company, two B. & W. cross-drum boilers 
which are the largest of their type yet built. These 
boilers have a heating surface of 35,500 sq. ft. each, 
and are built for a working pressure of 460 lb. They 
are equipped with tubular air heaters of 51,232 sq. ft. 
each and superheaters* designed to give 725 deg. fahr. 
ultimate temperature at an output of 350,000 lb. of 
steam per hour. The furnaces are to be oil fired and 
equipped with water-dboled walls. For the Long 
Beach station of the Southern California Edison Co., 
there are now under construction three cross drum units 
of the same type having 34,162 sq. ft. each and built for 
a working pressure of 450 lb. each with steam at 713 
deg. fahr. The furnaces are designed to burn oil when 
the plant is £rst put into operation and pulverized coal 
at some future„date, the furnace walls and floor being 
of water cooled construction. 

A notable installation to go into service was the six 
(6) 1590 h. p. Springfield boilers in the East River 
Plant of the New York Edison Company. The boilers 
are pulverized coal fired and furnish steam at 375 lb. 
pressure and 700 deg. fahr. Each boiler is capable, on 
continuous overload, of producing 250,000 lb. of steam 
per hour. No brickwork or refractory material is 
used, the furnace being completely enclosed by Murray ” 
fin tubes, backed up by plastic coating about 6 in. 
thick consisting of diatomaceous earth, cement and a 
painted hard outside finish. 

Another outstanding installation is the addition to 
the Hudson Avenue station, consisting of four 2292-h. p. 
boilers furnishing steam at approximately 400 pounds 
per square inch and 700 deg. fahr. These units have 
the rear and side walls cooled by water tubes which are 
protected at the firing finely cast iron and carborun¬ 
dum blocks respectively. The front wall is lined with 
carborundum blocks. These boilers are fired by 
Westinghouse 14 retort, 39 tuyere, 18 ft. long under¬ 
feed stokers. The stokers use preheated air and provide 
an actual grate surface of 460 sq. ft. or 427 sq* ft. of 
projected area. 

At the Kearny station a fifth, row of three boilers will 
be added. They will be Springfield cross-drum units 
of 23,640 sq. ft. of heating surface, similar to the' 
original units but with water-cooled rear, side and front 
walls composed of tubes backed up by refractory tile, 
a layer of insulating material and a finished casing of 
transite board. Cast iron blocks will be bolted to the 
wall cooling tubes just above the fire line to protect 
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them and reduce heat absorption. Preheated air will 
also be employed in combustion. It is expected that 
with these two features of water cooled walls and pre¬ 
heated air, not possessed by the boilers in the original 
installation, much higher ratings will be secured. Riley 
superstokers of about the same huge dimensions as the 
original units in this station will be installed under these 
boilers. 

The installation of four boilers, burning pulverized 
coal, at the Charles R. Huntley Station of the Buffialo 
General Electric Company is unique in several respects. 
These boilers have 12,515 sq. ft. of heating surface, 
well-type furnaces tangentially fired, and Bailey water 
walls on four sides. The wells in three of the furnaces 
are as wide as the furnace in each case and about" two- 
thirds. its length. Tap holes are provided for removing 
the ash as molten slag. The unit system of pulverizing 
is einployed. These boilers can be operated at outputs 
.of from 60,000 to 250,000 pounds of steam per hour. 

Two Combustion Steam Generators furnishing steam 
at 825 pounds pressure and fired by unit pulverizers 
using preheated air, are being installed in the Syracuse 
N. Y. plant of the Solvay Process Company. Another 
such unit is being installed in the Calumet Station, a 
. brief description of which is as follows: •> 

Water-heating surface 


Rear bank of tubes. 

3,637 

sq. 

ft. 

Side Walls.... 

1,710 

sq. 

ft. 

Roof...v-. 

254 

sq. 

ft. 

Bottom Bank of tubes...... 

1,171 

sq. 

ft. 

Total Water-heating surface... 

6,772 

sq. 

ft. 

Superheating surface ......... 

3,000 

sq. 

ft. 

Economizer..... 

5,250 

sq. 

ft. 

Air heating surface.... 

25,200 

sq. 

ft. 

’Steam pressure...... 

360 

lb. 

gage 

Effective Combustion space... 

5,000 

cu. 

ft. 

Normal Capacity of unit__ 

125,000 

lbs 

. per 

Peak Capacity of unit........ 

150,000 

lbs. 

. per 


(Approx.) 


Cheap water power, for industries using large 
amounts of steam for process work, has encouraged the 
development and use of electric steam boilers. It 
the beginning of 1927, an aggregate of 750,000 kw. 
of these units was installed in Canada and the U. S. 
Three of such boilers having a capacity of 42,000 kw. 
each and operating at 6600 volts, were installed in 1926. 

Ultra-High Pressure Steam Turbine Generator 
, . Installations 

Considerable progress has been made during the last 
few yfers in the development of turbines, boilers and 
other equipment operating at the ultra-high pressures, 
from the pioneer stage into an important commercial 
development. At the Edgar Station of the Edison 
Illuminating Company of Boston, the original high- 
pressure installation in. this country, a 315Q-kw. 
unit has given remarkably satisfactory results for nearly 
two years. Upon the basis of this experience a 10,000- 
kw. 1200 -lb. unit is now being installed and a 
second 10,000-kw. unit is contemplated. The Mil¬ 


waukee Electric Railway *and Light Company has also 
installed a 7000-kw., 1250-lb. unit in its Lakeside power 
station.. It has been reported in the technical press 
that a third installation is contemplated for the North¬ 
east Power Station of the Kansas City Power and Light 
^Company. This installation will consist of a 1400-lb. 
boiler with a 10,000-kw. high-pres>sure turbine exhaust¬ 
ing to the main steam header of the station. 

The problem of the Use of both high pressures and 
high'temperatures is very difficult, particularly in the 
design of the boilers and superheaters, where the stresses 
in the tubes are increased by the temperature differ¬ 
ences between the outside and inside surfaces. The 
difficulty of the use of both high temperatures and high 
pressures is due to the fact that at high temperatures 
the strength and stability of the materials normally 
used are seriously reduced. The question of materials 
for use in high pressure turbine construction is some¬ 
what less troublesome than in boiler work, because of 
the fact that small high-speed units are us^d with tem¬ 
peratures fairly uniform at any sectidh," and therefore 
the stresses can be controlled so as to prevent high 
unit-stresses in high temperature zones. 

The advantage of using ultra-high pressure turbines 
in connection with normal pressure units is not only the 
increased fuel economy, but also the fact that the space 
required is nearly the same for the high and normal 
pressure installation combined as for the normal 
pressure alone. The increased capacity is therefore a 
net gain, which approximately balances the increased 
cost of the equipment, so that the improved thermal 
efficiency represents very nearly a corresponding 
economic gain. 

The entirely satisfactory operating results and full 
realization qf expected gains of the ultrar-high-pressure 
installations now in operation in this coutitry shows 
that they are of unquestionable commercial value and 
proves by actual test the advisability of improving 
the efficiency of existing “normal pressure” stations 
as well as new stations by the convenient addition of 
high pressure equipment instead of more low pressure 
apparatus. This is especially the case in stations 
having a low load factor where the equipment operating 
on the high pressure cycle can be installed sufficient 
to supply the base load only. 

Edgar Station. The high-pressure plant now in 
operation at the Edgar Station consists of one high- 
pressure boiler aiyi a 3150-kw. turbine. Based on its 
successful operation for nearly two years, an addition 
is now being constructed which includes two 15,090- 
sq. ft. cross-drum Babcock & Wilcox boilers, a 10,000- 
kw., 3600-rev. per min. General Electric high-pressure 
turbo-generator together with the 65,000-kw. normal- 
pressure turbo generator. The boilers will generate 
steam at approximately 1400 lb. pressure and 700 deg. 
,fahr. It will be expanded in the 10,000-kw. turbine, 
which has 16 impulse stages, to 375 lb. per sq. in. 
and returned to the reheating superheaters which 
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form part of the new boilers.' After being Reheated to 
approximately 725 deg. fahr., the steam will be dis¬ 
charged into the main 350-lb. steam header and to¬ 
gether with steam from the normal pressure boilers 
will supply the two existing 32,000-kw. turbo generators 
and the new 65,000-kw. turbo generator. 

Each high-pressurh boiler will be equipped with a« 
5596-sq. ft. economizer operating at approximately 
1500 lb. water pressure and wdth a 33,032-sq. ft. air 
preheater, and will be fired by a 16 retort, 45 tuyere 
underfeed stoker. The side and rear furnace walls 
will consist of refractory-faced, cast-iron blocks, bolted 
to boiler tubes which will be connected to the boiler. 

The next high pressure extension contemplated will 
include two additional 15,090-sq. ft. boilers and one 
10,000-kw. turbine. At that time, the four high- 
pressure boilers will serve the two 10,000-kw. turbines 
and the steam from those two high pressure turbines will 
be sufficient to operate the 65,000-kw., 350-lb. pressure 
turbine. » * 

Before entering the economizers, the feed water 
will be heated to 420 deg. fahr., by means of steam bled 
from three points of the 65,000-kw. turbine and from 
the exhaust of the 10,000-kw. turbine at a pressure of 
375 lb. It is of interest to note that feed water has 
never before been heated to this high temperature by 
bled steam. This high-feed temperature is of particular 
interest in view of the fact that the feed water will 
pass through an economizer after leaving the high 
pressure heater and befor„e entering the boiler. 

Three boiler feed pumps of interesting design are 
being installed. Two will be motor-driven at 1800 
rev. per min. and will be used for normal operation and 
the third will be turbine-driven at 3600 rev. per min. 
and will be jised fof emergency only. Each motor- 
driven pump will consist of three pumps lh series, two 
five-stage volute pumps and one six-stage turbine pump. 
One five-stage volute pump of each unit will be driven 
by a separate motor and will pump through two closed 
feed water heaters, delivering water at 500 lb. per sq. in., 
420 deg. fahr., to the suction of the second five-stage 
volute pump. The second five-stage volute pump and 
the six-stage turbine pump,will be piped in series, 
driven by one motor and will discharge at a maximum 
pressure of 1600 lb. per sq. in. All motors will be 
adjustable speed and will be automatically regulated. 
The turbine-driven pump will also be a six-stage turbine 
pump and will develop the full 1600 lb. per sq. in. in the 
one casing. This pump is designed for automatic 
starting when the pressure in the 1600-lb. boiler feed 
header drops below a safe limit. 

The coal consumption per kilowatt-hour at the Edgar 
Station is approximately 1.02 lb. when only the present 
30,000-kw. normal pressure turbines are operating. 
When about one-third the output of the station is gen¬ 
erated by steam from the high-pressure boilers and 
turbines, the coal rate is approximately 0.98 lb. per 
kw. hr., an improvement of 4 per cent. For a complete 


1200-lb. installation it is estimated that the gain should 
be approximately three times this figure or 12 per cent. 

Lakeside Station. Prior to the installation of the 
13?)0-lb. boiler and the 1250-lb., 720 deg. fahr. turbine, 
the capacity of the Lakeside Station was 160,000 kw., 
made up of two 20,000-kw. anct four 30,000-kw. 
machines. The boiler room capacity was 1,600,000 lb. 
of steam per hour with a throttle pressure of 285 lb. 
per sg. in. and a temperature of 700 deg. fahr. 

The new high pressure boiler is a Babcock and 
Wilcox-Stirling type boiler and is the largest of its 
kind. Its nominal rating is 2853 b. h. p. and it is 
capable of delivering 240,000 lb. of steam per hour. 
Pulverized coal is burned in a 30,100 cu. ft. Lopulco 
type « furnace. The high-pressure turbine unit is a 
7000-kw. General Electric machine and its speed is 
3600 rev. per min. It exhausts to the reheater at 310 
lb., the temperature of the steam after reheating being 
approximately 720 deg. Sahr. 

The high pressure installation has been in service 
since October 1926. It was in continuous operation 
from January 29th to March 19th, 1927, a period of 50 
days. During this period, the kw-hr. output of the 
high pressure turbine was about 7.5 per cent of the total 
station output, while the kw-hr. generated by both the 
high-pressure ^ (1250-lb.) turbine unit and the normal 
pressure units from the steam originating in the high 
pressure boiler only, was about 34.3 per cent of the total 
station output. The load factor of the load (in this 
case equal to the capacity factor) on the high-pressure 
turbine was approximately 90 per cent, the load being 
less than maximum at times due to the fact that the 
total station load on Sundays is below the capacity of 
the high-pressure boiler. 

Operating results Showed a coal saving on the entire 
station of about 4 per cent due to the operation of the 
high-pressure cycle since this cycle was approximately 
12 per cent more efficient than the 300-lb. cycle and 
furnished 34 per cent of the station output. 

3 The high pressure boiler installation has shown 
several remarkable operating features. Ability to 
average 1634 per cent C0 2 over long periods without 
CO losses and with unusually low carbon losses has been 
obtained in the operation t)f the high-pressure installa¬ 
tion. This C0 2 average represents use of 12 per cent 
excess air, and as such establishes a record in economy 
of fuel burning. Automatic and instantaneous stop¬ 
page of coal feed and by-passing of 1200-lb. steam* to 
300-lb. pressure has been utilized in service* several 
times when the high-pressure turbine tripped from 
service. Not a safety valve opened under these 
conditions. 

Mercury Vapor Installation 

After some four years of experience with the mercury 
vapor installation in its Dutch Point Station, the Hart¬ 
ford Electric Light Company has ordered mercury vapor 
equipment, including a 10,000-kw. turbine, to be 
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• S M“dow 7* in 1928 iB itS 

be plLd on themsu'ket. S1Ze deSll!n °* e ‘‘ uif,ment ‘° 

means succe ® s of this process provides a 

, means of effecting marked economies in power produe- 

tion, made possible by being able to go to Sgher 

7 ery moderate pressures required 
*7 , • the higher temperatures with our present 

• J n effect ’ the mercury is used to convey 
heat from the furnace to the steam boiler acting as a 

jj ,f Ury canden ser; before reaching the condenser some 
ot the heat is developed into electrical energy by the 
mercury-turbine generator. * 

It is claimed that the remarkable record of 27 per cent 
e f 1 ^’ attained by the Columbia Plant, operating on 
a straight steam cycle, could be increased to 36 per cent 
m a similar plant arranged to operate on the mercury- 
steam cycle. The savings in fuel consumption for less 
emcient plants will be even greater. Of course, from a 
commercial viewpoint, the cost of plant must be studied 
with relation to capacity factor. 

The original single-stage 1800-kw. unit operating at 
35 pounds pressure, installed at Dutch Point in 1923, 
developed about 60 per cent of the available energy in 
the mercury. This was supplanted by a three-stage 
machine, developing 70 per cent of the available 
mercury energy, that went into operation late in 1926. 
The unit to go into the South Meadow Plant, estimated 
to develop 75 per cent of the available mercury energy, 
will be a five-stage 10,000-kw. machine receiving 
.mercury vapor at about 70 pounds pressure and ex¬ 
hausting it at one- pound absolute to two mercury 
condensers. In these condensers 125,000 pounds of 
steam per hour will be generated at 250 to 350 pounds 
pressure and superheated by the mercury-boiler furnace 
flue gases to an ultimate temperature of 700 deg. fahr. 

It is expected that about 10,000 kw. will be obtained 
from the steam generated by the condensed mercury. 

The present boiler at Dutch Point, of different design 
from the original one, generates mercury vapor at 70 
pounds pressure and 884 deg. fahr. The new boiler 
consists of a group of drums, each carrying dead-ended 
tubes six feet long, giving the unit the appearance of a 
huge coarse brush. There will be required for the 
entire installation 135,000 pounds of mercury, the cost 
of which-will represent a substantial portion of the plant 
investment. In the process of generating energy the 
mercury will be circulated in the system eight or nine 
- times an hour. An experimental boiler in the Schenec¬ 
tady G. E. Plant has been operated at 110 pounds 
pressure, generating vapor at 940 deg. fahr., at a rate 
more than twice that planned for the South Meadow 
unit with no difficulties whatsoever. It is expected 
that this Hartford unit will operate indefinitely without 
interruptions. 
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The approximate fuel saVing, at an estimated figure of 
11,000 B. t. u. per kw-hr. output developed from 
mercury and steam from the mercury condenser, based 
on a conservative use factor, is expected to be about 
$200,000 a year. While the maximum saving is ob¬ 
tained when carrying base load, under light load con¬ 
ditions the savings are material. /The operating com¬ 
pany reports that in its Dutch Point Station it has 
been able to obtain as good a coal economy on 5 per cent 
capacity factor as the entire station is capable of doing 
on a 60 per cent load factor. 

As a means of increasing the capacity and the 
economy of existing stations or even planning new base 
load high-economy stations, this system of power gen¬ 
eration is competitive with the ultra-high pressure 
generation and utilization of steam ypth its attendant 
steam reheating complications and relatively large 
auxiliary power consumption. 

The supply of mercujy is expected to be ample 
although price disturbances may occur ftnti-1 the indus¬ 
try adjusts itself to the increased demands to be 
ultimately made upon it. • 

Hydroelectric Development 
While the increase in electrical energy generated 
during 1926 by steam plants of public utilities was 
only about 9 per cent over that generated in 1925, the 
increase for waterpower plants was approximately 17 
per cent. Furthermore, the aggregate capacity of 
waterwheels and generators produced was greater than 
for the preceding year. However, except for the trend 
toward larger units, there have not been any radical 
changes in turbine types or general form or design, 
but certain details of.design and special features have 
shown development or improvement. 

During th*e past year a large number .of power 
companies for whom hydroelectric units were installed, 
adopted electric drives for the governors. This form 


of drive is becoming 


increasingly popu 


iro- 


electnc installations. The driving motors are of the 
induction type and operate in close synchronism with 
the frequency of the generator unit which it is required 
to. regulate. This provides a simple and convenient 
drive and has been found to give extremely smooth and 
quiet operation free from operating troubles. 

Another interesting development in hydraulic turbine 
design was the introduction of a water-lubricated guide 
bearing with a rubber lining. It may be of interest 
to note that bearings of this type have recently been 
adopted for use with four turbine installations in which 
tHe shaft diameters range from 9 to 24 in. The chief 
advantage of the rubber lined bearing is the great dura¬ 
bility and the long life obtainable. 

In the past year a number of hydraulic turbine units 
have been built, equipped with plate steel casings of the- 
volute type. Engineers are becoming increasingly 
interested in the possibilities of welding instead of 
caulking the plate steel joints for these casings, and it 
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may be of interest to note that the welding of these 
casing joints will actually be undertaken in connection 
with one or more of the largest and most recent turbine 
installations. 

Hydroelectric plants automatically operated and 
controlled established another record during the past 
year. In one instance, two units of 28,500 h. p. each 
have been installed in a station designed to operate 
automatically. 

control to both a reaction and impulse type of unit are 
being developed. This equipment is of particular 
advantage in connection with steam-operated plants as 
supplementary sources of power. 

In one of the outstanding major hydraulic develop¬ 
ments under construction where the contracts for both 
the turbines and. generators have been split between 
two companies, it was found economical to have one 
manufacturer build all of the oil pumping system. 

Also, in general, the design of all the main turbine parts 
which are subject to wear and replacement are made 
interchangeable* The generators are being built with 
the same degree of cooperation between the manufac¬ 
turers, to insure interchangeability of some of the 
important mechanical parts. 

There has been a tendency towards the closed circuit 
for air circulation with surface coolers, similar to the 
method of cooling commonly employed for steam 

turbine generators. This arrangement simplifies the 
construction of air ducts and permits the use of an inert 
fire extinguishing gas if desired. A number of machines 
have been constructed for the closed system of supply power 

circulation. the eastern p 

®. diameter of t 

\ Some of the Hydroelectric Developments of exceptional t k ru< 

interest recently completed or nolo under construction ^ nerat ’ 

are given below: 0 750 tons M 

Conowitigo Development. The outstanding hydraulic ons ' __ 

turbine development in 1926 was the seven 54,000-h. p. W1 ... e a 

\ 89-ft. head, 81.8-rev. per min. single-runner vertical- aU g iar ^° 
.shaft hydraulic turbines for the Susquehanna Power ^ a ai ?? 
Company’s Conowingo. Development. Three of the ac ia ' ers 0 . 
turbines are of I. P. Morris manufacture and four are 0 0 am . s ™ 
Allis-Chalmers. The runners are made of cast steel an e . ir j 
in three sections and represent a very difficult problem mec amca pa 
in casting. The total weight of the runner will be The Conow 
approximately 200,000 lb. and outside diameter 179 in. most cases, oi 
The division of the runner into three parts was necessi- and will be s 
tated by shipping limitations which seem to be one of the ^ a y 
the principal factors now limiting the size of hydraulic possible extei 
equipment. The sections of the runner are bolted avoid leakage 
together by flange joints and in addition have steel sequently the 
bands mounted on the crown of the runner and the turbine casing 
discharge ring. The spiral casing is made up of riveted en< ^ s the I 
steel plate sections and has an inlet diameter of 27 ft. reducing the 
The butterfly valve housing is joined to both the pen- pected that 
stock and turbine casing by riveted connections. The performance 
feature of particular interest incorporated in the design reliability of c 
of the butterfly valves is the installation of a rubber JR[Automatic 
tube fitted into an annular recess in the valve body 28,500-h. p., 


around the circumference of the gate when tne varve 
in closed position. This-rubber tubing is designed, to 
expand and hold tightly against the outer-circumference 
o? the gate when pressure is admitted to the inside of 
the tube when the gate is closed. This characteristic 
of the valve will insure unusual tightness against 
leakage. An innovation was used in the design of the 
pit ring which extends from the speed ring to the genera- 

New methods of applying automatic tor base in that this ring was built entirely of structural 

steel. After repeated tests, the hydraucone draft tube 
was accepted as the best design of tube offered for the 
conditions and as a result the hydraucone and the 
Moody spreading tube were used for the entire develop¬ 
ment. The draft tubes will be equipped with cast steel 
stay-, vanes at the lower ends, designed to carry the 
weight of the draft tube above, in addition to the weight 
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60-c;fcle, 11,000-volt Westinghouse generators at 300 

* rev. per min. were placed in operation in the Wallen- 
. paupack Power Station of the Pennsylvania Water & 

Light Company. These units operate under a head of 
300 ft. and the station is designed for carrier-current 
type of automatic control. These are the largest units 
on record that will be controlled automatically. 

A 17,500-h. p. Pelton Water Wheel driving a 
13,333-kv-a., 60-cycle, G. E. generator is under eon* 
struction for the Glines Canyon Power Station of the 
Northwestern Power & Light Company. This unit 
„ which will operate under a head of 190 ft. will be con¬ 
trolled by the operator of the Elwha River Plant, seven 
miles away by means of selector supervisory control. 
In addition to the main unit, the 62.5-kv-a. auxiliary 
water wheel and the motor driven oil pump will also 
be controlled by the automatic equipment. 

The largest plant built up to date for full automatic 
control is the Louisville hydroelectric installation now 
under construction which will consist of eight 13,500 
h. p., Allis-Chalmers turbines. The generators are 
12,500-kv-a., 14,000-volt, 100-rev. per min. vertical 
General Electric machines which will have a self- 
contained ventilating system because of the high air 
temperatures during the summer time wheq, they will 
carry the heaviest loads. 

High Head Impulse Wheels. The largest capacity 
impulse wheels ever constructed are the two 56,000- 
h. p. turbines which are under construction for the 
Big Creek No. 2-A plant of the Southern California 
Edison Company. These machines will operate under 
a head of 2300 ft., one being an Allis-Chalmers machine 
and the other will be made by the Pelton Water Wheel 
^Company. Bath machines will be of the double over¬ 
hung type, having separate governor control, for each 
nozzle. The main shaft bearings of these units will be 
30 in. in diameter and the total weight carried on each 
bdhring will be 230,000 lb. The present speed of the 
units will be 250 rev. per min. for 50 cycles, but the 
machines are designed for 60-cycle operation at 300 re-%, 
per min. The jet diameter for each overhung impulse 
wheel will be 8J4 in- Each bucket will weigh 900 lb. 
and in case of the runaway of the unit, the combined. 
forces on the bucket bolts will.be approximately 300 tons 
per bucket. 

The Westinghouse generators for these units will have a 
capacity of 45,000 kv-a. at 11,000 volts, 250 rev.per 
miir. but will have a capacity of 50,000 kv-a. at 12,500 
volts wh£n operating at a speed of 300 rev. per min. 

A 40,000 h. p. Allis-Chalmers double overhung 
impulse wheel has been placed in operation at the 

# Kings River Plant of the Sam Joaquin Light & Power 
Corporation for operation under a head of 2243 ft. 
The generator will be a General Electric 33,000-kv-a., 
13,200-volt, 360-rev. per min. machine. Two exciters 
ire provided, each of which is of sufficient capacity 
;o excite the main generator. Each exciter is driven by 
i single-jet, single-overhung impulse wheel. 


Two Peltqn Water Wheels of 40,000 h. p. capacity 
each have been installed at Santos, Brazil for operation 
under' an effective head of 2450 ft. The General 
Electric alternators are of the horizontal type with a 
capacity of 33,000 kv-a. at 11,000 volts' and 360 rev. 
per min. 

” The turbines to operate under tl\i highest head up to 
the present time will be the units for the Bucks Creek 
Plant of the Feather River Power Company. These 
will be of the double overhung impulse type Pelton 
Wheels with a capacity of 30,000 h: p. The head will be 
2548 ft. and the turbines will drive 25,000-kv-a., 11,000- 
volt, 450-rev. per min. General Electric generators. 

Propeller Type Turbines. There are being installed 
in the Great Falls Plant of the Manitoba Power Com¬ 
pany, one 28,000-h. p., Moody and „one 31,500-h. p. 
Bell type turbines driving General Electric generators. 
These units are the largest propeller type units now 
being installed and will operate under a head of 56 ft. 
at 138 rev. per min. » 

Power Station Auxiliaries 
The prevailing practise seems to be motor driven 
auxiliaries, with the added protection of having certain 
auxiliaries steam driven. The chief reasons for this are 
the extensive adoption of the regenerative cycle for 
feed water heating and the rapid development of 
motors suitable for auxiliary drive. The electric 
drive is very efficient and reliable and it is probable 
that in most cases a station using electrically driven 
auxiliaries will show on the average, a better thermal 
efficiency and a lower cost per unit of output including 
fixed charges, than if steam driven auxiliaries were used. 

Steam drive, however, is still most favored for 
boiler feed pumps. It is interesting to note that a 
large station' recently constructed in the .East has 
adopted steam drive for all of its essential auxiliaries, 
but this is largely a local condition peculiar to its 
system. The refinements of design details, and im¬ 
provements developed for large turbines have been 
extended to smaller capacities so that manufacturers are 
prepared to furnish turbines for auxiliary service having 
very much improved water rates. 

There are still many opinions in regard to the best 
source of electric power for auxiliaries. On account 
of the higher efficiency of the main units, there has been 
a tendency to put all the station load on these machines. 
There are not so many house turbine generators being 
installed as in the past. The house generator in tandem 
with and being direct connected to the main generator 
shaft, appears to be gaining in favor and is extensively 
used. 

Power Production Economies 
A record for thermal efficiency was attained at the 
Columbia Station of .the Columbia Power Company in 
Ohio. For a period of one month this station was 
operated on a heat consumption of approximately 
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12,462 B. t. u. per kw-hr. net output, which is the 
lowest figure obtained by any steam plant to date. 

The following figures, for two consecutive months, are 
of particular interest: 

D ecember J anuary 

1926 1927 


improvements in turbine and condenser design hat r e all 
contributed to improve the thermal efficiency of power 
plants so that the reduction of operating costs have 
more than kept pace with the increased price of fuel 
and increased operating labor rates. 

The marked improvement in utilization of fuel by 
public utility power plants is revealed by figures given in 
the Geological Survey Report, which shows that in 1926 
the ? average large generating plant turned out a kw-hr. 
on 1.94 pounds of coal as compared with 2.07 in 1925. 
These figures include coal, oil and gas fired plants and 
represent the equivalent coal consumption. It is 
interesting to note that since the world war, using 1919 
as a basis, the equivalent coal consumption per kw-hr. 
has been reduced 40 per cent. 
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brief description of some types of rotary repeaters and then proceeds 
to describe in more detail a non-rotary regenerative repeater. 


Synopsis. —Rotary regenerative repeaters hav9 made multiplex 
printing telegraphy possible over long distances. This paper gives a 


■ Introduction and some distortion of the signals is inevitable in ad- 

_ . . . *dition to the distortion caused by the repeaters and 

npHE use of multiple-channel printing telegrap imperfections in the duplex balance. 

J_ systems in the United States and Canada has opera t e a transcontinental multiplex printing 

resulted in many problems in connection with their telegraph circuit equipped throughout with ordinary 
operation over long circuits. relay repea ters, a very High grade of line and repeater 

Practically all circuits are duplexed and the usual maintenance is required. Accurate duplex balances are 
practise is to repeater them at intervals of 250 to 350 essential at repeater and terminal stations. The most 
mi. A printer circuit operated between New York and direct routes must be used and line conductors chosen 
San Francisco may have as many as 12 repeaters. which have a favored location on the pole line so as to 

An ordinary relay telegraph repeater can never repeat reduce the cross-fire from other conductors. « 
signals as perfectly formed as those sent out by .the Even with high grade maintenance, the signal re- 
originating transmitter since the signals always arrive ceived at the terminal station is somewhat distorted 
somewhat out of shape and the repeating apparatus and much time is consumed in balancing and adjusting* 
itself contributes a further modification. , It is apparent that even a slight distortion of the signal 

Most overhead telegraph circuits use a ground return in each line section results, in the aggregate, in an ex¬ 
tremely distorted signal being received at the terminal 
253 station. The speed of operation is very slow as com- 
I E E pared with the shorter circuits and the traffic capacity 
is low. 


telegraph Engineer, Postal Telegraph. Cable Co. 

way, New York, N. Y. 

sented at the Summer Convention of the A 
t,Mich. y June BO-tUf., 1927. 






















completed, the restoring relay R R is actuated by B RS. 
This unlocks the storing relays and they are ready for 
the next revolution of the brushes: 

Fig. 3 illustrates still another form of regenerative 
repeater. The polarized storing relays S R1 and S R2 
are connected to alternate segments on.the sending and 
receiving rings. While a signal from line 1 is being 


Received 


mr-im 


Regenerated 


of $ will have no effect on the retransmitted signal. I—L — jlr ) isR?j— 4— 1 

With this type of repeater, a slight distortion may be TT —rj 

present in the retransmitted signals if the received* 

signals are so badly distorted that they infringe upon S. t + - +- 

Reducing the length of the segments R2. increases the F IQ 3 

ability of the repeater to regenerate badly distorted 

signals, but, if the segments are too short, the operating stored in one relay, the stored signal in the other relay 
impulse to transmitting relay T R may become too is being transmitted to line 2. 

short to properly actuate the relay. The brushes B R There are two main types of synchronizing systems 

must be driven at such a speed that the time required used to maintain phase relation between the distributor 
for the brush to pass from the start of one segment to brush arms and the received signals. One type, 
the start of the next segment is the same as the time which has been termed “shift the hands” correction, 
occupied by the shortest signal element. shifts the brush arms to maintain synchronism while the 

Fig. 2 indicates a form of regenerative repeater which other type maintains synchronism by altering the 
was invented by P. M. Rainey. Only a portion of the natural period of the driving fork, 

distributor face is shown. Line relay L R is actuated by In one example of the “shift the hands” correction, 

signals received over, line 1. Brush B 121 connects the rotary distributor is arranged to run slightly faster 
successively the receiving segments of R2 to Rl. The and a mechanism controlled by the received signals 
sto ring relays, 5121 to S 125, are operated whenever the steps back or “corrects” the distributor brushes when 
line relay tongue is touching its marking contact at they gain a certain amount over the brushes of the 
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sending distributor. Several opportunities for cor- the locking winding of .the locking relay is stronger 
reckon are available during each revolution. While than the current in the operating winding and as long 
this correcting scheme has been used to a considerable as the fork is touching its selecting contact the armature 
extent on rotary regenerative repeaters, it is open to of the locking relay is prevented from moving. During 
some objections. The many opportunities for correc- the period that the fork is not touching the selecting 
tion in each revolution make it possible for a few badly contact, no current flows through the docking winding 
distorted signals to" considerably alter the phase rela- of the locking relay, and it therefore is under the influ- 
tions and several seconds are required for the distributor enee of the tongue of the main line relay. The polarity 
to work around to the proper phase. When several of the signal transmitted by the transmitting relay 
repeaters of this type are used in tandem on a long depends upon the position of the tongue of the locking 
circuit, difficulty may be experienced in holding relay at the moment the fork engages its selecting 
synchronism. contact. A long duration of engagement of the fork 

In the writer’s opinion, it is preferable to use, in a with the selecting contact does not injure the repeated 
regenerative repeater, a correction which alters the 71 
natural period of the driving fork because the correcting 
action is gradual and an occasional badly distorted 
signal will not seriously alter the phase relations. 

Non-Rotary Regenerative Repeater 
The main>object of this paper is to describe a new type 
of regenerative repeater which has no rotating parts. 

It should be realized in this eonnection that the rotating 
feature of the repeaters previously described in this 
paper has for its object the control of electrical contacts 
at uniform time intervals which agree with the rate at 
which signals are being' sent over the line circuit. 

An electrically operated tuning fork adjusted to vibrate 
at a uniform rate and controlling electrical contacts, 
can be used, therefore, for timing purposes for regenera¬ 
tive telegraph repeater^ and rotating members elim¬ 
inated. A repeater for one-way repetition consists 
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of the correction circuit and the fork is held in step with 
the received signals. When the fork falls behind the 
, signals, current flows through the corrector magnet 
and causes the fork speed to increase. When the fork 
gains on the signals,-the current is cut off the corrector 
magnet and thefork speed is reduced. 

Assume, for example, that the speed has been 
matched and the repeater is in operation. If the 
tongue of the main line relay moves from one of its 
contacts to the other at the instant the fork is touching 
contact A , Fig. 5, the tongue of the switch relay S R 
- is moved to correspond with the position of the tongue 
of relay MLR . When the fork makes contact with B , 
a short impulse of current flows through condense? C 
and one winding of the corrector relay and the tongiie of 
relay C R is moved to the marking contact and current 
flows through the corrector magnet and increases the 
speed of the fork. As long as the movements of the 
tongue of the main line relay ML R occur at the instant 
that the. fork is touching contact A , the relay C R re¬ 
mains in the marking position. If, for example, the 
movement of the tongue of relay M L R is from S to M, 
the tongue of relay S R is moved to contact M and the 
current impulse through the condenser and the windings 
of relay C R which occurs when the fork touches con¬ 
tact B goes through one winding of relay C R from 
right to left and the tongue is thrown to the right. 
If, however, the movement of the tongue of relay 
MLR is from M to S , the tongue of relay S R is 
moved to contact S and the current impulse which 
occurs when the fork touches contact B is in a reverse 
direction, but goes through the other winding of the 
relay C R from right to left and the tongue still tends to 
•be thrown to the right. 

The tongue of relay C R being on contact M, a current 
flows, through the corrector magnet which increases the 
sj^ed of the fork. In a short time the movements of the 
tongue of relay MLR occur when the fork is on contact 
B. The impulse through the condenser occurs just as 
soon as the tongue of relay MLR moves and as the 
relay S R is not affected since the fork is on contact B, 
the impulse through the condenser moves the tongue of 
relay C R to the left and the current is cut off the 
corrector magnet. ° 

In reviewing the action of the correction circuit, it is 
apparent that if the operation of the tongue of relay 
MLR occurs when the fork is touching contact A, 
the switch relay tongue is moved and the impulse 
through* the condenser which takes place when the 
fork moves to contact B throws the tongue of relay 
C R to the right and the fork speed increases. If the 
• operation of the tongue of relay MLR occurs when 
the fork is touching contact B , the impulse through the 
condenser occurs immediately and since relay SR 
has not been operated, the impulse moves the tongue of 
the relay C R to the spacing or left-hand position. 
i ' This breaks the current through the corrector magnet 
and the fork speed will reduce again. In actual 


operation, the fork corrector contact is moving from 
A to B or about to move when the tongue of relay 
MLR operates. 

Regenerative Action 

The correction circuit, as explained, holds the tuning 
fork in step with the line signals. * The fork makes a 
complete cycle of vibration during the time of the 
shortest signal element. r If, for example, the signals 
over the line are the equivalent of alternating current 
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Fig. 6 


at a frequency of 25 cycles or 50 signakui^ts per sec., 
the fork vibrates at 50 cycles. . * 

The received signals operate the main line relay which 
in turn operates the locking relay. The* fork engages 
the selecting contact once for each unit length of 
received signal. The instant that the signal reverses on 
the transmitting relay is defined by the vibration of the 
fork into a contact with the selecting contact. The 
tuning fork maintains a constant rate of vibration and 
the repeated signals reverse at properly timed intervals. 

Fig. 6 shows in a graphic fprm the transmitted, re¬ 
ceived and regenerated signals. The comparatively 



long time during which the fork engages the selecting 
contact insures that the transmitting relay will be 
reliably operated and will tend to minimize chatter. 
Fig. 7 is a tracing from an oscillogram of some distorted 
received signals and their reconstruction by the re¬ 
peater. The received signals were in the form of con¬ 
tinuous reversals or alternating current. The variation 
in the distance between the points marked X would be 
the amount of distortion retransmitted by an ordinary 
relay repeater. The initial part of each regenerated 
signal shows a slight bounce or chatter of the trans¬ 
mitting relay contacts. Improved relays are now avail¬ 
able, the use of which will reduce the chatter effect. 

The range of speed of the repeater using a standard 
timing fork is from 15 to 30 cycles line frequency or 30 
to 60 words per min. per channel of a two-channel, 
five-unit code printer circuit. 

In the early development of this regenerative 
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repeater, means were provided for varying the selecting that of the transmitting relay. When the fork engages 
or pickup point, thus giving the equivalent of orienting the selecting contact, the tongue of the transmitting 
the- contact segments of a rotary distributor. The relay moves in the usual manner to a*position eor- 
correcting system which was adopted, however, proved responding with that of the locking relay. When the 
to be very stable and it was found that the orienting tongue of the transmitting relay operates, the current 
feature could be dispensed with. Within the 15- to through the operating winding of the locking relay 
30-cycle line frequency range, the point of selecting reverses but the locking relay is not operated im- 
under all conditions is as close to the central portion of mediately because the stronger current in its locking 
the signal as could be desired. In this connection it winding prevents its operation. When the fork moves 
should be pointed out that an orienting feature is of less away from the selecting contact, the locking current 
Main une Relay ceases to flow and the locking relay tongue, under the 

influence of the leak current from the transmitting . 
relay, moves to the opposite contact. 

From the foregoing, it is apparent that when the fork 
engages its selecting contact, the transmitting relay 
tongue moves to a similar position to that of the locking 
relay and when the fork disengages the selecting con¬ 
tact, the locking relay tongue moves to a dissimilar 
position to that of the'transmitting relay. The alter- * 
nating current generated in this manner is practically 
the same frequency as the alternating current from the 
terminal multiplex distributor. 

Conversion to Plain Repeater 
The repeater is equipped with cords and jacks by the 
use of which the regenerative action can be cut out and 
value at a regenerative repeater station where no the set will function as a non-regenerative repeater, 
printer record is available than on a printer terminal 

set. Valuable time is often lost in making futile — . ...—.—. , 

>,,-V ' 1 ,'f 111 v IPS 

adjustments of the orientation when another remedy is > 7<< ' * 

required. .Vv- ' ‘ ' I' r ‘ a 

One advantage of regenerative repeaters is the pos- -4 

sibility of reducing ,the time required for balancing. • 

If, for example, a long line circuit is equipped with a HHNlL 1 

regenerative repeater at a central point, a readjustment 1 

or lineup of the balances of the relay repeaters on one 1 * 

side of the regenerative station may be conducted at the 
same time as the lineup on the other side. The 
regenerative repeater, however, must be equipped with * 
a means of transmitting alternating current to either 
line, and it should preferably be of nearly the same 

frequency as that at which the working signals are ’• ' H ■■■ 

transmitted. 

Fig. 8 shows how this is accomplished on the non- Fig. 9 

rotary repeater without the need for additional equip¬ 
ment with the exception of the a-c. switch. Floor Space and Power Requirements 

In the normal right-hand position of the a-c. switch, The complete duplex repeater is shown in Fig. 9 
the operating winding of the locking relay is connected The repeater table is shipped completely wired for 
to the tongue of the main line relay and the leak winding duplex operation. It is merely necessary to connect 
of the transmitting relay goes to ground through 15,000 to power, lines and ground and attach the forks and 
ohms. When the levers of the a-c. switch are thrown to relays, etc., to the table. The floor space required is#, 
the left, the operating wind ng of the locking relay is 43 in. by 27 in. The height of the table is 42 in. 
connected through the leak winding of the transmitting The timing fork, which is similar to those used on the 
relay to the tongue of the same relay, through a 7500- terminal multiplex sets, is shown in Fig. 10. 
ohm resistance. This leak current through the operat- The local power may be either 110 or 160 volts. The 
mg winding of the locking relay normally holds the local current required for the duplex table is approxi- 
tongue of the locking relay in a position opposite to mately one-half ampere and it has been found possible 
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to install these repeaters in most telegraph offices 
without adding to the generator plant. 

Operating Experience in Postal Telegraph-Cable 

System 

More than 5Q of these repeaters are in use. 

No difficulty has been experienced in operating 
several repeaters in one printer circuit. 


One or more regenerative repeaters are used in practi¬ 
cally, every printer circuit over 800 mi. in length with 
consequent reduction in lost circuit time and increase 
in speed of operation. 

Conclusion 

„ This regenerative repeater was developed to provide 
a simple and compact form of repeater which would 
give equivalent results to those obtained from the rotary 
regenerator without the expense of the rotary distribu¬ 
tors and their synchronous motors. 

The design eliminated the necessity for special types 
of distributors which otherwise would have had to be 
built to regenerate the multiplex circuits in use on the 
lines of the Postal Telegraph-Cable Company. 

The completed non-rotary regenerative repeaters 
have certain economies and improvements over the* 
rotary forms considered and among these were: 

The first cost is less because the expensive dis¬ 
tributors and synchronous motors witl^ accessories are 
eliminated. •* 

The maintenance cost is lower because there are no 
distributor parts to require attention - and renewal 
and less local current is needed. ■ 

The required amount of floor space is reduced. 

The regeneration of the signals being accomplished 
directly by the fork eliminates the loss in margin caused 
by the tendency of the distributors to hunt. 


Before regenerative repeaters were used, it was neces¬ 
sary to assign the best line wires to the overland circuits 
so that the overall distortion of the signal would be 
kept at a minimum. The present practise Is to use a 
sufficient number of regenerative repeaters so that 
almost any line wire, provided it is electrically intact 
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and free from swings, may be used in the overland circuits. 

In severa 1 instances, wire routes which were un¬ 
suitable for use in overland circuits because of the 
long distances between repeater stations and which had 
insufficient wires to justify opening up additional 
repeater stations, have been made suitable for printer 
operation by the installation of regenerative repeaters 
adjacent to or near the long sections. 

Fig. 11 shows the layout of two typical overland 
circuits. The speed of operation is approximately 
50 words per min. per channel and the spacing between 
the regenerative repeaters is short enough to reduce 
lineups to min mum. 


A short interruption of the local power supply does 
not necessitate the attention of a repeater attendant. 
The tuning forks aje self-starting and when the power 
supply is resumed the repeater starts up automatically. 
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The Influence of Residual Air and Moisture 

In Impregnated Paper Insulation 


BY J. B. WHITEHEAD 1 

Synop$i s •—The paper describes experiments in study of the 
separate influence of residual air and moisture in impregnated 
paper as used for the insulation of high voltage cables. 

Some sixty similar samples are prepared, dried , evacuated, and 
impregnated under the same program, except as regards the pressure 
of evacuation and impregnation. In groups of three the samples 
were evacuated at various absolute pressures between 2 mm. and 
76 cm. Hg. 

The samples were brass tubes 2.54 cm. in diameter, 122 cm. long, 
with 25 layers of wood pulp paper applied in the usual lapping 
spirals. Each sample was equipped with outside test and guard 
electrodes. 

Throughout their entire history, i. e., before and after impregnation 


and 


F. HAMBURGER, Jr.* . 


observations were made on the samples of their dielectric absorption 
cand iheir final conductivity . These studies have led to the conclu¬ 
sions as to the influence of moisture. 

After impregnation, the samples are studied as to power factor 
and dielectric loss over the range of electric stress 20 to 800 volts per 
mil, and of temperature 20 deg. cent, to 80 deg. cent. These studies 
have led, principally, to the conclusions of the influence of residual 
air . They show clearly the importance of thorough impregnation, 
and the conditions under which it may be. accomplished. The 
causes of rising power-factor—voltage curves and methods of avoid¬ 
ance are clearly indicated. • 

The principal results and conclusions are given at the end of the 
pa,per. 


T HE sharp -rise in the power-factor—voltage curve 
of impregnated pape? insulation such as found 
in high-voltage cables is commonly attributed to 
the ionization of entrapped air or gases. The present 
investigation was undertaken with a view to studying 
the influence of different amounts of entrapped air in 
such insulation. The general plan adopted was to 
construct a large number of samples as nearly identical 
as possible, to impregnate them under similar conditions 
except as regards the air pressure, and to follow the 
electrical behavior of the samples as closely as possible 
throughout, their entire history. In addition to the 
results of the study of the influence of entrained air, 
other interesting data on impregnated paper insulation 
, have also been obtained. 

% 

* The Test Samples 
Each test sample consisted of a brass tube 2.54 cm. 
(1 in.) in diameter and 121.9 cm. (4 ft.) long. Each 
tube was cleaned and polished and then received its 
wrapping of cable paper. The wood pulp paper 
furnished by a prominent manufacturer, was 0.01016 
cm. (0.004 in.) thick, and 2.54 cm. (1 in.) wide. The 
tube was put in a lathe and a leather friction grip 
mounted on the carriage of the lathe fed the paper on to 
the tube spirally in the usual manper. In each layer 
the successive turns lapped slightly, the lap varying 
from 0.08 cm. (1/32 in.) down to a close butt contact. 
The laps or joints in successive layers were displaced 
successively by approximately 0.635 cm. (34 in.). 
The tension on the paper during wrapping was between 
3.5 and 5 lb. The greater number of samples were 
wrapped with 25 layers of paper, a few having 40 

. 1- Dean of School of Engineering, The Jo hns Hopkins Uni- 
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layers. At each end of the paper wrapping additiona 
layers built up the thickness to twice that over the body 
of the sample. These ends were secured with a wrap¬ 
ping of linen thread. 

Each sample was provided with a test electrode of 
sheet lead Q.04 cm. (1/64 in.) thick, and 71.12 cm. 
(28 in.) long placed equidistant from the two ends. 
Guard electrode 5.08 cm. (2 in.) wide were mounted on 
either end of the test electrodes. The electrodes were 
cut from sheet lead, carefully smoothed out and 
wrapped on in single pieces with a longitudinal opening 
of about 0.08 cm. (1/32 in.) at the butt joint. The 
electrodes were firmly held in place and in close contact 
with the paper b.y a continuous band .of linen thread, 
wound over the outside. 

There were 60 test samples in all, divided into 20 
groups of 3 each. The 3 samples in each group received 
the same treatment throughout. The treatment of £he 
several groups differed only as regards the air pressure 
at which impregnation took place. 

Power Factor Measurements 

The method of measurement of power factor was a 
modified form of Schering bridge. A schematic 
diagram of connections is shown in Fig. 5. As is well 
known this method requires an air condenser in one arm 
of the high-voltage side. The low arms of the bridge 
are resistances, one arm being shunted by an adjustable 
air condenser by means of which final balance is 
obtained. When the bridge is balanced the fbllowing 
relations exist: 


Pi 


Q ; Gi = 


Q 


(!)• 


Prese 
16,19H 


Whence, power factor ~ tan (phase difference) 

= co Ci f! = co S C 3 (2) 

The accuracy of the method was carefully checked 
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or ^ues of power factor above and below that which 

vere usually- encountered during the work. T ure - reinaining unchanged. Airu 

records also show many examples of agreement b P , t ing chamber and abf 

tween the values of loss measured for tteeesampte ^“"SSeuts made on 
in parallel and the sum of the values taken on the three and 80 deg . <** 

samples individually. was then a u 0W ed to cool over nigh*b ai 

Program of Test _ „ and conductivity measurement rep 

Following is a general statement of the preparation, pheric pressure and room temperature, 
treatment and test of the various groups of samples. The impregnating chamber was. the 
As a general thing the three samples of one group were 4g deg _ cent<) the compound drained, 

carried together through the entire process. ■ quick i y transferred to the high-v 

The three samples of each group, equipped with test this transfer the specimens w< 

electrodes and guard electrodes, were first placed m-the ^ about dve m i nu tes. In the high 
drying box in which the temperature was slowly r^se sam pi e s were immersed in comp 

to 105 deg. cent. A slow draftof air passed through the pQund was completely changed for e: 
box. The condition of the samples was observed by sampleS; three-quarters the comporn 
absorption and conductivity measurements at 1500 ^ each group, and the'fresh compo 

continuous volts. The samplesranained in the drying whJch the g^p bad been impregnai 
box until there was no further change in their electrical , measurements were mad' 


p IG . 5 —Schering Bridge with Electrostatic Screening 
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at 110 volts con- of the residual charge also increases through this 
mtinuously for an range, the 30-sec. value reaching 9.2 centimeters at 
cation of voltage, 55 cleg. cent. It is still very small as compared with the 
After discharging charging current at the corresponding interval and ab- 
same temperature sorption is as yet not great enough to* show itself in the 
ipproximately the -■ form of the charging current curve. The* samples were 
Much the same allowed to stand over night at 75 deg. cent. It was 
d of short circuit then found that the charging current curve was nearly 
irity the current flat and considerably below that at 65 deg. cent. Thus 
o decrease slowly. in this temperature region time enters as, a factor. 
lous application of Somewhere between 65 deg. and 75 deg. the conductiv¬ 
ity of the sample stops rising and decreases (see Fig. 11). 

] I | I The curve of current on discharge is also correspond- 

. ingly lower, thus indicating a relation between absorp- 

: -- tion and moisture content.^ It should be noted, however, 

- that the absorption is of negligible magnitude as com- 

_ pared with conduction, up to 75 deg. cent. 

___ At 85 deg. cent, the ■•charging current curves rise 

—_ slightly at the beginning and then fall off. They 

are still quite flat, but the decrease, although slow, 
seems to indicate that absorption begins to play its 
~ ~ part in the shape of the curve. After standing over 


MINUTES t_ 

Fi<v 10 —Current—Time Curves 

Cable paper specimen 1A—At various temperatures and 120 volts 
a-c Not impregnated 


Discharge 


TEMPERATURE DEG. CENT. 

-Charge and Discharge Currents at Increasing 
Temperature. Unimpr^gnated Paper 
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, to 125 deg. cent. Both absorption loss, when the voltage gradient rises above a certain 
ivity centime to decrease in this value. It does not appear to be clearly determined, 
,e continued elimination of moisture, however, whether or not these air ayers are generally 
it. measurements were made at 500 distributed through the successive layers of paper. H 
and 1500 volts continuous. In all so a variation of the air pressure at which impregnation 
meter cave deflections in proportion , takes place might have an influence on the shape of the 

power factor curve. It may be said here that the 
evidence from our experiments indicates that the break 
in tjie power-factor curve is far more often to be traced 
to a . definite air layer between, insulation and a loose 
fitting sheath, rather than to air films distributed 

through the body of the insulation. 

The air pressure at impregnation apparently plays a 
more important role in its action in facilitating the 
driving off of still further residual moisture, after the 


The general conclusion from these studies is ttiat the 
paper contains large amounts of moisture which are 
driven off rapdily at 75 deg. cent, or above. Up to this 
point its conductivity masks the usual dielectric proper¬ 
ties. At 105 deg. cent, the paper seems to reach a 
fairly definite condition. It appears as a dielectric 
having marked absorption and relatively high resis¬ 
tivity. On further elevation* of temperature more 
moisture is driven off with consequent improvement of 
dielectric properties, although the changes are neither as 
marked nor as rapid as in „the earlier stages. The 
properties are quite definite at any one temperature, 
although there are differences of from 50 to 100 per cent 
as amongst successive samples tested. 

Influences of Impregnation on Absorption Characteris¬ 
tics. In preparing the samples for impregnation they 
were maintained at a temperature of 105^deg. cent, in 
the drying chamber until they reached a steady state as 
regards absorption and conduction. Immediately after 
impregnation at 80 deg. cent, the absorption current 
values were found to have increased from 40 to 70 times 
depending upon the sample, although the relative 
positions of the three curves of the samples of each set 
remained about the same. These increases in absorp¬ 
tion and in conductivity decrease slowly with time if 
the sample is maintained at high temperature. There 
is also some evidence that the application of alternating 
voltage causes further reductions. The samples ap¬ 
parently reach a uniform condition after one or two days 
•of test. These changes offer an interesting problem 
for future study. 

The conclusion from our observations is that„the 
conductivity of cable paper is greatly increased on 
impregnation. There is also a corresponding increase 
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Fig. 20 —Power-Factor—Voltage Curves—Specimens 
4B and 4G— In Parallel 

Conductor diameter = 1 in. Insulation = 0.10 in. wall, unpreg; 
at 2-mm. pressure 

Conductivity in dried state — 4A—3.40 cm. 

4B—3.45 cm. 

4C—2.55 cm. 








obtaining a tight fitting sheath, it appeals that it ture appears throughout. There is no evidence witfiin 
should be possible to approximate them in the factory the range of air pressures mentioned of a break followed 
production of cables. They would, however, etitail by^ sharply rising values in the power-fattor-voltage 
more complex equipment than that commonly used, curve. This seems to indicate that with sufficient 
and more time, thus increasing costs considerably. ' 

One manufacturer has stated that he can duplicate 0,024 * 

our flat power-factor Curves in cables for the mar ket if * __ j _’_ 

the purchaser will stand for the additional price. n n 79 ; 9 Deg. Cent. 

The results of our study of the influence of the air ’ , ' | 

pressure at impregnation are shown in the series of ~ 69.0 Deg. Cent 

curves of Fig. 20 to 38.* The range of pressure studied g 0016 —— 

is from 2 mm. to 76 cm. Hg. absolute pressure, extend- §---— 

ing well beyond the range used in manufacture, in both £ 0.012 -— 

directions. ^ __ 

There are several striking results to be noted from , 2 00Qg 44.1 Deg. Ce it. N _ ■ 

this series of curves: _ A _ N _|_ 1 __ 
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26.0 Deg . Cent. 
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Fig. 26—Power-Factor—Voltage Curves—Specimens 11 A, 
11B and 11C in Parallel 

Conductor diameter = 1.0-in. Insulation 0.10-in. wall, evacuated and 
impregnated at 3 cm. pressure 

Conductivity of dfted specimens about three times normal due to high 
humidity 

Conductivity in dried state = 11A—8.7 cm. 

1 IB—4.6 cm. 

11C—6.2 cm. 


68.7 Deg. Cent. 3B, 3C 


\ \(43.£Deg. Cent.) I 

Vfff !? n )j3A,3B, 3C"- 

nnM \ 27.5 Deg.Cent( 

0.002 ——-^20.7 Deg. Cent.)- 
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Fig. 22 Poweh-F actor —-Voltage Curves—Specimens 3A, 
3B and 30 in Parallel 

Conductor diameter = l in. Insulation —0.10 in. wall, impregnated 
at 5-mm. pressure 

Conductivity in dried state = 3 A—0.65 cm. 

3B—0.63 cm. 

3C—0.57 cm. 

Characteristics of Thorough Impregnation. The char¬ 
acteristic type of the power-factor—voltage curve for 
complete impregnation is exemplified in Fig. 20 for 
2 mm. impregnating pressure. Up to 56 deg. cent, 
the power-factor curves are perfectly flat over the range 
30 to 300 volts per mil. At higher temperatures the 
curves show increasing maxima in the neighborhood 
of the relatively low gradient 40 volts per mil and 
apparently tending to become flat towards the upper 
range. Although the values of the power factor may 
vary from one set of curves to another this typical 
shape is remarkably well preserved over the range of 
pressure 2 mm. to 10 cm. 

Pressure Range for Thorough Impregnation. Over 
toe range of pressure 2 mm. to 10 cm. Hg. pressure the 
flat power factor curve of the lower range of tempera- 
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Fig. 27— Power-Factor—Voltage Curves—Specimens 8A* 
8B and 8C in Parallel 

• 

0.10 in. wall, evacuated 


Conductor diameter = 1-in. Insulation 
to 2-mm. pressure 

Impregnated at 5-cm. pressure 
Conductivity in dried state * 8A—4.00 cm. 

8B—2.70 cm. 

8C—1.80 cm. 

care to obtain thorough drying, impregnation, and close 
fitting sheath, internal gaseous ionization may be elimi¬ 
nated and good power factor curves obtained without 
the necessity of an evacuation pressure lower than 10 
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i more briefly, complete impregna" ionizata.. K^be Ken, 

^"e^rS «a|on may still emst between the insolation and 
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13B AND 13C IN Parallel 

Insulation, = 0.104n. wall 


Conductor diameter = 1-in. 

Evacuated and impregnated at 10-cm. pressure 
Conductivity in dried state » 13A 3.60 cm. 
Drying period—192 hrs. 13B—3.85 cm. 


[in. (Minus Pinal 


Power Factor 6,000 Volts 


V RATIO "300 TO lj 11 I 

05 & 120 180 240 300 

VOLTS PER MIL 

0 20 40 60 80 100 

. PRIMARY VOLTS 

Fig. 28—Power-Factor—Voltage Curves—Specimens 14A, 
14B and 14C in Parallel 

Conductor diameter - 1-in. Insulation O.lO-in. wall, evacuated "me 
impregnated at 5-cm. pressure 

Conductivity in dried state = 14A—2.30 am. 

14B—1.75 cm. 

14C—1.35 cm. 
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characteristic sharp upward turn, due to the ionization 
of the internal air spaces. Within this region there is also 
evidence that the degree of impregnation changes over 
a considerable period of time. This is illustrated in 
the curves of Fig. 36. The order in which the curves 
are taken is indicated and clearly shows that a tempera¬ 
ture cycle results in a ehange of internal condition. 
This period seems to extend over several days, after 
which time there is some suggestion that the specimens 
reaeh a steady and improved condition. Some of the 
specimens in this range have been stripped and all show 
the presence of copious air spaces. 

We show elsewhere that a layer of air between insula¬ 
tion and sheath is a very probable cause of gaseous 
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Fig. 34 —Power\F actor and Absorption— Temperature— 
Specimens 3B and 3C - 

Conductor diameter « 1-in. Insulation « 0.10-in. wail ’ 

Evacuated and impregnated at 5-mm. pressure 


sheath and reflect itself in the characteristic upwar 
break in the power-factor-voltage curve. 

Influence of Residml Moisture. , Although as alread 
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Fig. 35—Power-Factor—Voltage Curves—Specimens 19A, 
* 19B and 19C in Parallel 

Conductor diameter = 1 in. Insulation, 0.10-in. wall 
Evacuated and impregnated at 15 cm. pressure 
Conductivity in dried state = 19A—2.00 cm. 

19B—1.50 cm. 

19C—3.60 cm. 
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-Power-Factor—Voltage Curves—Specimens 17A 
17B and 17C in Parallel 

Conductor diameter = 1 in. Insulation = 0.10-in. wall 
Evacuated and impregnated at 25-cm. pressure 
Conductivity in dried state = 17A—2.25 cm. 

17B—1.60 cm. 

17C—1.55 cm. 


bring all the specimens to the same initial condition. 

A quite different result was found which is chiefly 
caused by the variation in the atmospheric humidity. PlG - 36 ' 

In the drying period the specimens are heated in the 
presence of a slow draft of air, as already described. 

At very high values of atmospheric humidity, during the 
summer months, it was impossible even in prolonged 
Periods of drying to reduce the conductivity below the 

very high values indicated by specimens Nos. 10,11, and out our measurements, we have taken closely,parallel 
12. The curves of specimens Nos. 10, 11, and 12 readings of power factor and of conductivity and di- 
especially seem to indicate that residual moisture will electric absorption at 1500 volts continuous. The 
cause higher values of power factor without materially curves of Fig. 34 specimens 3-B and 3-C, show the 
c anging the shape of the curve. If, however, the variation with temperature of the power factor, of the 
pressure is carried down sufficiently low, say to 1 cm. final conductivity, and of absorption, as indicated by 
g., this may offset the imperfect drying conditions and the one-half minute and one minute readings of the 
res t m a power factor curve of normal shape and value, charging current curve. The similarity of form of the 
appears evident that our preliminary drying period,—- power factor and absorption curves is very striking 
ours at 105 deg. cent, in a slow draft of air at atmos- It has been recognized since the earlv work of 
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ferences between our specimens constructed in the 
laboratory and those taken from cables manufactured 
by commercial methods, we noticed the relatively 
loose fit which the sheathing of the commercial cables 
makes with the underlying cable paper insulation. 
This condition was perhaps accentuated by the cutting 
afid stripping of the lead in order provide test elec¬ 
trodes necessary in samples of short lengths. In our 
methods of test the electrodes, which correspond to the 
lead sheath, were applied to the cable before impregna¬ 
tion. It thus appeared desirable to study the question 
as to the influence of air lying between the outer wall of 


Hopkinson, Rowland, and Hess and from subsequent 
'refined laboratory studies that there is an intimate 
connection betVeen the dielectric loss and dielectric, 
absorption. The curves of Fig. 34 emphasize this 
relationship in a vesy striking manner. They suggest 
that it should be.possible to control the losses and power 
factor in cable insulation by means of studies of the 
property of absorption of the insulating materials. 

• Such studies may be carried out at moderate valuer o 
• continuous potential. Work in this direction is now 
under way by the authors. The decreasing values of 
. power factor with increasing voltage gradients, always 
found in well impregnated specimens, is of interest 
in this connection. In our study of absorption we 
have shown the close importance between the absorp¬ 
tion of impregnated paper and the conductivity o 
impregnating oil. It is known that good liquid 
dielectric often evidence a saturation current that has a 
decreasing conductivity with ificreasing voltage. It 
appears probable that in our experiments, the im¬ 
pregnating oil, being liquid at the higher temperatures, 
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Fig. 40— Power-Factor—Voltage Curves—Specimens 5A, 
5C in Parallel m . 

Conductor diameter 1 in. Insulation, = 0.1-in. wall 
Impregnated at 1-cm. pressure •> 


insulation anS the lead sheathing. With this purpose 
in view, samples A and C of set No. 5 of our series were 
equipped with electrodes before impregnation in the 
regular manner. Sample B was impregnated before the 
electrodes were applied. The electrodes were applied 
first loosely and afterwards tightly. 

Fig. 40 shows the observations on 5-A and 5-C and 
Fig. 41 shows the observations on specimens 5-B; the 
observations being taken under compound. It will be 
noted that there is a pronounced influence of the loose 
electrode in causing the power-factor curves to 
turn upward at all temperatures. By far the most 
stri king indication of. the influence of a loose appli¬ 
cation of the sheath after impregnation is shown by 
the observations on 5^B taken in the air, that is, not 
under compound, and with varying degrees of tightness 
of the sheath. These are shown in Fig. 42.. These 
curves were taken with conditions approximating 
as closely as we were able, the conditions that are met 
in manufacture. There is no question of the great im¬ 
portance of the layer of air between the lead sheath and 
the wall of insulation. It should be noted that with 
test electrodes applied as tightly as possible after im- 
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[G . 3g—P ower-Factor—Voltage Curves Spe 
, 15B and 15C in Parallel 

Conductor diameter = lin. Insulation, = 0.10-in. wall 
Evacuated and impregnated at 76-cm. pressure 
Conductivity in dried state = 15A—1.95 cm. 

15B—3.25 cm. 

15C—1.25 cm. 


possesses this decreasing cunuucuvny 

voltage, thus accounting for a lower absorption, lower 

losses, and lower power factor. 

Influence of the Closeness of the Fit of the Lead Sheath. 
One of the striking results of our investigation has been 
,the marked flatness of the power-factor curve at tem- 
-nwatures un to 60 deg. cent., throughout the entire 
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Thanks are due to Dr. William B. KouwenhOven 
for much helpful cooperation throughout the course * 
of the work which was done in the School of Engineer¬ 
ing, The Johns Hopkins University, at the request of 
the Subcommittee on Impregnated Paper Insulated 
Cable Research, of the National Electric Light Associa¬ 
tion, D. W. Roper, Chairman. Further studies under 
the same auspices are continuing. 

* Summary and Conclusions 

1. In the drying of cable paper at atmospheric 
pressure the great proportion of absorbed moisture is 
given off between 75 deg. and 80 deg. cent. At lower * 
temperatures, the electrical conductivity under the 
continued application of voltage increases with time in 
accordance with the Evershed effect. At higher 
temperatures the paper takes on the characteristics of a 
highly absorbent dielectric. 

2. In drying by eleyation of temperature the final 
steady state of the paper depends on the temperature, 
the time, and on the relative humidity of the atmos¬ 
phere. Similar examples carried through the same 
drying process but at different times may have widely 
different residual moisture and electrical properties. 

A drying period of 72 hours at 105 deg. cent, in a dry 
atmosphere? renders cable paper an excellent insulator, 
although it ^till contains moisture and shows high 
dielectric absorption. 

3. The evacuation process following that of tem¬ 
perature drying is principally important as removing 
still further residual moisture. It is not, however, so 
important in this particular as the initial drying period. 
Differences in the humidity of the initial drying period 
show themselves through subsequent evacuation pe¬ 
riods at 1, 2, and 3 cms. Hg. pressures, and above. 

4. After impregnation, the conductivity and ab¬ 
sorption are greatly increased at the higher tem- 
pertures, but near atmospheric temperature the 
values are approximately the same as for the dry unim¬ 
pregnated paper. The differences are apparently due to 
th'e conductivity of the impregnating compound. 

5. Using a drying and evacuating and impregnating 
period of four days we have found for all pressures of 
impregnation up to 10 cm., and for temperatures up to 
50 deg. power-factor-voltage curves which are per¬ 
fectly flat over the range 20 to 300 volts per mil, at 
values in the neighborhood of 0.005. - At higher 
temperatures, the curves are higher and show ma vi'^a 
near 45 volts per mil, the power factor decreasing 
steadily thereafter with increasing stress. • 

6. Up to 10 cm., impregnating pressure differences 
in the original state of the samples as regards moisture 

air layer between lead and paper. This reflect themselves in small changes in the values of • 
icessarily mean that deeper lying films of Anal power factor without material influence on the 
t play their part. On the contrary, it shape of the curves. High moisture content increases 
at if such layers are present they, too, must the power factor. 

cause a rising break in the power-factor 7. Up to 10 cm. Hg., the pressure of impregnation 

causes no tendency of the power-factor curve, to break 


pregnation there is still present the rising tendency 
of the power-factor-voltage curves. 

The‘several measurements, described above, all seem 
to indicate clearly the influence on the power-factor 
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Pig. 41 —Power-Factor—Voltage Curves—Specimen 5B— 
Loose Sheath Applied After Impregnation Tests Under 
Compound 


Conductor diameter = 1 in. Insulation, = O.l-in. wall 
Impregnated at 1-cm. pressure 
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and’rise, usually attributed to gaseous ionization. 
Above 10 cm. pressure rising power-factor curves 
appear, reaching the typical ionization shape at 25 cm. 
pressure. 

8. Typical gasgous ionization curves have been 
obtained and controlled by variations in the tightness 
of the lead sheath or test electrodes. It appears that 
the rising power-factor curves found in cables are in all 


probability, due either to loose fitting sheaths or to 
imperfect impregnation, causing extended layers of an* 
rathe'r than to original entrained air as dependent on 

the evacuation pressure. . 

9. Power factor and dielectric absorption follow 
similar curves and the latter is suggested as a promising 
method for the predetermination'*>f the properties of 
cable insulation. 
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THE M. M. F. WAVE OF POLYPHASE WINDINGS 1 

(Graham) / 

New York, N. Y., February 7, 1927 ^ 

P. L. Alters This paper raises questions whose discussion 
might be carried to great lengths, since the ramifications of the 
effects of harmonics on various characteristics of the motor are 
very extensive. I will confine myself, however, to making two 
comments on this paper and then giving a few things from my 
own experience. 

In the first place, Mr. Graham develops a formula for the 
magnitude of any particular harmonic, which contains the 
coefficient V 1 - cos n B. That, to my mind, is very hard to 
visualize, and it is much better to replace it by the exactly 

Tt J? ^ 

equivalent expression \/2 sin - 0 -. When this is done, the 

magnitude of each harmonic is seen to be proportional to the 
pitch factor for that particular harmonic. As the pitch factor 
is a very fa miliar thing to all designers, this expression tells the 
relative magnitudes of different harmonies almost by inspection. 

In the second place, it appears obvious to me from physical 
considerations that with a perfectly balanced winding, every 
phase being like every other phase, the other phases can only 
introduce purely reactive voltages in the first phase, similar to 
» the voltages induced by that phase in itself. That is, if you have 
a perfectly balanced arrangement, the’currents in each phase 
being displaced in time by the same angle as they are in space 
position, there cannot be produced any two harmonic waves of 
the same order but opposite directions of rotation. So the nth 
pulsating harmonic made by phase 1 alone will either be con¬ 
verted into a revolving field of amplitude 3/2, due to the three 
phases, or else will be cancelled out altogether. . For that 
reason, it is clear that Graham’s equations showing a phase 
difference between the various harmonic voltages in a single 
phase must be wrong. There is no phase difference because all 
of them are purely reactive voltages. 

Once we have admitted the existence of these harmonies and 
shown they are present and undesirable, the really interesting 
thing is how to avoid them. That Mr. Graham did not touch 
upon at all. 

J5y rearranging the windings in various groupings, a great 
many effects can be produced. There are a number of arrange¬ 
ments possible for any particular winding, all of which give 
balanced phase voltages, but which have different characteristics. 
Systems of distribution can be worked out to give minimum 
vibration, minimum reactance or minimum load losses, or to 
1 meet other conditions, and some of those other arrangements 
have distribution factors so little different from the one that we 
ordinarily use, that they are more desirable than the ordinary 
arrangement. 

An interesting case illustrating these possibilities is that 
of a 1000-h. p. induction motor, with 14. poles and 4 2/7 slots 

1. A. I. E. E.' Journal, February, 1927, p. 118. 


per pole per phase, which I had the opportunity of observing in 
1923. When the motor was tested the first time, it developed a 
very severe load vibration, similar to that Mr. Graham observed 
on his motor. We determined the vibrati<*n to he of twice line 
frequency, and due to the 10-pole field produced by the irreg¬ 
ular winding arrangement. By reconnecting the winding to 
the arrangement giving a rfiinimum 10-pole field, the trouble 
was remedied without any ^mechanical change. In general, 
unbalanced magnetic pull occurs whenever twolields of nearly 
the same numbers of poles exist together, and so the way to 
avoid vibration is to arrangt? the winding to minimize that 
particular harmonic whose number of poles is nearest the 
fundamental. 

The study of the best winding arrangement, taking into 
account all the factors, is very fascinating, but it is quite difficult 
to make a complete analysis of the problem. I have been 
working on this matter for some time, and I hope ultimately to 
be able to say for any given number of fractional slots per pole 
per phase what arrangement gives the best combined charac¬ 
teristics, ta kin g into account noise, fundamental distribution 
factor, reactance and losses. 

C. A. Nickle: I agree with Mr. Alger that in a rotor with 
uniform permeance, reactive voltages other th^p. 90 deg. out 
of phase with the currents cannot be obtained. When such 
voltages exist, we must have reluctance torques in the machine, 
we must have consumption of power, and * we cannot have 
reluctance torques in a uniform-permeance machine. 

The author has made calculations of the leakage reactance 
introduced by sub-harmonics and he gets a value of approxi¬ 
mately 1 per cent. Of course, if we add reactance voltages 
vectorially, we shall get a much smaller voltage than if we add 
them arithmetically. If all these reactance voltages were 
added in time phase, the total reactance voltage might be 
considerably greater, and I think might be worth investigating. 

W. V. Lyons Mr. Graham has applied the principles of 
harmonic analysis to an interesting and not uncommon problem, 
the most important aspects of which I believe are the extra 
losses and vibration which may occur when these irregular 
windings are employed. He has clearly shown how the problem 
may be attacked. 

In the spring of 1926, apparently at about the time when 
Mr. Graham was preparing this paper, I analyzed the same 
problem with a class of graduate engineers at the General 
Electric Works at Lynn. Curiously enough the illustrative 
problem that we worked through was the same that Mr. Graham 
has chosen, viz., one in which there are 6% slots per pole. Also 
the winding arrangement was the same in both cases. The 
only difference was that ours was a stator having 54 slots and 
wound for 8 poles. We found no particular difficulty in obtaining 
a resultant nth harmonic reduction factor for this winding 
which was a combination of the ordinary pitch and breadth 
factors. We did not, however, determine the criteria for the 
existance of the nth harmonic nor for its direction of rotation. 

One point that Mr. Graham has made is well worth emphasiz-' 
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mg. When a uniform air-gap *s acted upon by a magnetizing 
winding there will in general be produced component sinusoidal 
flux distributions which have two poles, four poles, six poles, 
eight poles, etc. By properly arranging the winding? certain of 
these distributions can be completely or partially eliminated. 
If, for example, a symmetrical three-phase winding having an 
integral number of slots per pole per phase and wound for 4 
poles is used there will be no components except the 4-polar, 
20-polar, 28-polar, 44~polar, 52-poJar, etc. Again in the 20- 
pole winding that Mr. Graham cites there will be 10-polar, 20- 
polar, 30-polar, 40-polar, 50-polar?70-polar, etc., distributions. 

I should like to add a little to what Mr. Graham has said about 
vibration. If the statfor and rotor were perfectly rigid the 
internal stresses between them due to the magnetic field could 
cause no vibration. Actually, however, both the stator and 
rotor have a certain amount of flexibility and thus these internal 
stresses may produce serious vibration. There are two distinct 
types of internal stress. One is due to the action of a single 
sinusoidal flux distribution and the other is due to the joint of 
two sinusoidal distributions of different wave lengths. If there 
is a single sinusoidal component of flux in the gap, the rotor will 
be acted upon by balanced radial forces which can cause no 
vibration in the rotor if its laminations are rigidly connected to 
the shaft. the other hand the rotation of the flux distribu¬ 
tion will produce a harmonic variation in the magnetic force be¬ 
tween the stator and rotor in afiy fixed radial direction of such a 
frequency that it will go through one cycle while the magnetic 
field is moving one pole pitch. If the stator frame is flexible in 
a radial direction this harmonically varying force may set up 
serious vibration. This is apparently the case that Mr. Graham 
cites. 

The other cause of vibration may, I believe, be equally 
important. If there are in the gap two component distributions 
of different wave lengths the radial forces acting on the rotor 
may be unbalanced. Two polar distributions that differ by a 
single pair of poles will produce this effect. This unbalanced 
force on the rotor may be either constant or variable. If the 
distribution^ are moving properly with respect to each other 
the unbalanced force acting on the rotor will vary harmonically 
and serious vibrations may result. 

Quentin Grahams Mr. Alger has suggested the substi¬ 
tution of * V2 sin - for the expression Vi — cos n /3 which 

I have used. I agree that this change would aid in visualizing 
the magnitude of the harmonics. 

Mr. Alger and Mr. Nickle have both pointed out the error 
contained in the last paragraph of Appendix B and also in the 
body of the paper where it is stated that the reactance voltages 
of the various harmonics are not in phase. I am giving below a 
number of corrections in the mathematics, changing the final 
equation on which this false conclusion was based. I am 
indebted to Mr. Nickle for having pointed out the particular 
points which were in error. The corrections are as follows: 
Equation (6) should read 


With this correction the quantity in the parenthesis iff equa¬ 


7t 6 7 i — —— tan 

which can be simplified to 


sin n /3 
1 — cos n ft 


71 6 n 


n(3 


7T 

IT 


Using this value for n e n equation (30) may be simplified so 

that the quantity in the parenthesis becomes t — n\p — 

The statement following equation (31) should give the 
displacement angle as — n $ instead ofn\p. 


tions (32), (33) and (34) will be. 




It is 


that the final paragraph, following equation (34), is in error 
and that the reactance voltage components of the various 
harmonics must be in phase. 

I have experimented to some extent with the rearrangement 
of windings, as Mr. Alger suggests, for the purpose of reducing 
,some particular harmonic. This is usually accomplished at the 
expanse of increasing sonje other harmonic but, as he says, the 
total result may be beneficial. 

Mr. Lyon’s discussion of the vibration problem is-very inter¬ 
esting and his conclusions appear to agree with Mr. Alger’s 
experience. • 


COMBINED LIGHT AND POWER SYSTEMS FOR A-C. 

SECONDARY NETWORKS 

fRlCHTEK) 

New York, N. Y., February 9, 1927 
D. K. Blake: Mr. Richter’s paper does not attempt to take 
sides. He tried very h&rd to avoid that. Some years ago, 
together with others, I made a similar study and obtained similar 
results, showing that the 115/199-volt system had the lowest 
cost, the 120/208 next, hnd then the two-phase system. 

Of course this problem will not be settled in this meeting. It 
will have to be settled by the N. E. L. A., the Power Club and the 
N. E. M. A., but I would like to state my positive convictions 
alongthes^lines. ' \;Vj 

I believe, based upon my discussion with various operating 
engineers and^knowing the manufacturers’ conditions, that the 
115/199-volt system will be the solution to our problem. I 
am just going to make three statements, without attempting to 
prove them as to why I believe so. They are by no means all of 
the reasons. 

The first is because of the lower cost. The second is because of 
the large number of consumers unaffected by retaining the 115- 
volt standard. When I stop and think of the data that were given 
in the Electrical World showing that wn have somewhere around 
14,000,000 domestic customers, about 2,000,000 commercial, 
lighting customers, and about a half-million power customers, I 
think that in view of our attempts at good public relations, it is 
by far better to change things that affect the least number of 
consumers even though they may have more kilowatt demand 
and about an equivalent revenue. 

The third thing is that I recognize the work that has already 
^een done by the N. E. L. A. in attempting to make the 115-volt 
system a standard. Now of course if that is the answer, if the 
committee’s work proves that 115/199-volt system is preferable, 
it means two lines of polyphase induction motors. I know^ posi¬ 
tively that no manufacturer recommends the use of 220-volt 
motors on systems rated nominally 199 volts. 

Now 1 want to say a word about the practise of using 220-volt 
motors on 208-volt systems. Suppose you decide on a 120/208- 
volt system, and use the old arguments of lower power factor 
and over-motoring, etc., to justify utilizing the 220-volt motor. 

You then have a system that 110-volt single-phase devices do not 
fit. I, think those arguments are perfectly. valid f$r existing 
conditions, and during the period of change-over, but I think it is 
wrong to continue to grow throughout the years without having 
a system supplying devices that do not fit the system voltage. 
Therefore I can see no other answer than two lines of motors. • 
Now the manufacturers in the past have always, to the best of 
my knowiedge, built additional lines of devices whenever there 
was a sufficient demand. I have no doubt in my own mind that 
they will do so in case it is the general opinion that two lines of 
motors would be desirable. . . 

1. A. I. E. E. Journal, July 1927, page 724. 
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P. H* Chases Mr. Richter’s paper covers a very broad field 
.and has so many angles both from the manufacturing point of 
view and also from- the central-station public-relations and 
economic points of view, that it is difficult to make an adequate. 

• analysis. 

I would like to take the liberty at this time of discussing a few 
of his assumptions and points of view. His paper, as I under¬ 
stand it, first presents a statement that the expense incurre m 
suitable utilization ecuipment may range from $75,000,000 to 
$150,000,000 even under the unlikely condition of a single eom- 

> bined seheme adopted universally. , r ' 

Mr. Elden’s remarks on voltage standardization could v eil be 
read into the record on this paper. It is open to serious question 
' whether we ever can get to a single, universally adopted standard, 
•because each operating company has its own local public-policy, 

- and construction conditions to meet. It may be true 

that one system compared with other systems theoretically mpy 
show an economic advantage a few per cent better. W hen tjiat 
situation is reduced to terms of the existing system, as many of us 
have done, a change to another system may impair the quality ot 
service, damage publie relations, decrease flexibility and involve 
expensive change-over costs for at best a small saving, which may 
not even be realized. This leads onS to question whether a 
figure of $75,000,000 to $150,000,000 spread oyer a ten-year 
transition period is really important, compared with the expense 
that must be incurred to effect the change and with the hazards 
involved. 

Now this figure of $75,000,000 to $150,000,000 on a ten-year 
transition period means $7,500,000 to $15,000,000 a year. 
That is compared with what other plan or plans? The paper 
does not give any figures showing what it will cost to continue 
with the present standards so far as the utilization'bf equipment 
is concerned. In other words, we have no base line with which 
to compare these figures. It seems to me that there should e 
further analysis to draw up a bill of the costs of continuing with a 
diverse standard basis. Certainly it will not be necessary to 
spend this $75,000,000 to $150,000,000 if the present standards 

are kept. , 

Possibly the central-station companies may have to spend 
money in continuing with the development of existing systems 
which may not ba quite so efficient theoretically as one uni¬ 
versal system might be. However, those operating systems 
• will have avoided the very heavy costs, which this paper does not 
pretend to deal with, of changing over to some other system than 
the^ne they now have. The paper does not deal with the extra 
operating expenses that will exist during the transition period 
which, on a ten-year basis, are very appreciable. There is also 
extra investment during transition. 

To come back again to this $75,000,000 to $150,000,000, are 
those gross figures, or are they net figures, after allowing for 
the expected manufacturing economies that would come from 
the adoption of a single standard? If these are gross figures, 
then they are misleading. If they £re net, the public in one way 
or another must pay what seems like a high priee for standardiza¬ 
tion unless it is assumed that in the overall problem there are 
marked savings over the present diversity of systems. 

Th£ paper is admittedly written from the manufacturers’ 
point of view r . The magnitude of the potential savings to the 
operating company of any proposed system over the existing 
system gets down to a very elaborate analysis. Let us take the 
X. Y. Z. Electrie Light and Power Co. operating in a metro¬ 
politan area, covering suburban areas and some rural areas. 
Is has been brought out, by far the largest number of customers 
are the residence customers, and all their needs can be supplied 
by single-phase, three-wire service. Power loads may be three- 
phase, three-wire; three-phase, four-wire; two-phase, four-wire, 
and so on. 

Most of its’distribution plant and most of the load is not in the 
dense portion of the territory. Also, possibly the dense portion 


of the territory requires underground construction; possibly the 

fSeSS, 4™ dy 10 « 15 »»* ■»-«“ ‘O'*™ 1 *** 

‘“1“^ d«e it. system 1« it. 
territory from conditions pertaining to a small frac ion. o e 
load Can it afford to start out on a policy that involves askrng 
its customers to have a different type of motor m different 
nm-tinnq of its territory? Is that company going to consider 
seriously, without a great deal of study, changing its miles and 
miles of aerial secondary distribution and its hundreds of thou¬ 
sands of services to residence customers to conform to a system 
that may be slightly advantageous from a theoretical point of 
view only for this central densely loaded.area. . . 

I think, as has been mentioned by Mr. Blake, this whole sub¬ 
ject deserves and must have extended study by The N. E. L. A. 

and the Power Club before there can be an overall answer.. 

H L Wallau: Mr. Richter has pointed out to us the enor¬ 
mous expense to he charged against the electrical industry due 
to the redesigning of utilization equipment if any of the present 
a-e. low-tension network schemes is adopted The tentative 
figures set up by him are appalling. 

In Cleveland for over ten yews we have been using the three- 
'phase, 230-volt system with *he four-wire lighting neutral 
(Fig. C-2 of his paper) with radial feed. This ^slffiin was first 
installed in a new underground district. Later, a similar system 
was used to replace a three-pfease, four-wire, 115/199-volt 
system, then at least 15 years old. This system has the ad- 
vantage of using lamps, appliances, motors, control equipment, 
etc., as now standardized. 

Can this system be modified slightly and become suitable for 
network use? I believe it can, but do not recall that the fol¬ 
lowing scheme has ever been suggested. Referring to the 
accompanying diagram yon will note three primary feeders which 
may issue from one or more substations and are supposed to 
have the customary over-current protection at the substation 
end. I have shown these connected*to merely one transformer 
bank each. The transformer banks are shown connected delta- 
delta but might be F-connected on the primary. A network 
protector is assumed cut into the secondary leads between the 
transformers and the network. Cut-outs, etc., have not been 
indicated. The cables forming the three*phase, 230-volt mains 
are continuous ajid the transformer banks consist <5f three units 
of equal capacity, or of one three-phase unit. The lighting 
neutrals carrying the out-of-balance current are discontinuous , 
there being one section per transformer bank. Between a pair 

of 230-volt phase wires there is connected a balance coil at 
each bank location, each successive balance coil being rotated so 
~ as to be across the next successive phase. The middle points of 
these balance coils are respectively connected to the lighting 
neutral of their particular section. We now have a system 
having 230 volts between any two-phase wires and 115 volts 
between any neutral and its corresponding phase wires. There 
is also a difference of potential of 115 volts between any two 
lighting neutrals, hence these neutrals should preferably remain 
discontinuous but could* be made continuous by the insertion of 
a suitable iron-cored reactance between the junction points. 
So far we have not grounded this system. A ground is provided 
by means of a star-connected auto-transformer, wound, with 
133-volt coils, the common junction point of which is grounded. 
This provides a difference of potential of 133 volts between phases 
and ground and 66 volts between neutrals and ground. If the 
secondary, three-phase mains are to be arranged for sectionali- 
zation at times, it would he desirable to have a grounding trans¬ 
former for each section. If not so arranged, fewer might he 
used but at least two should be provided in case of failure of one. 
The total number would depend somewhat upon the extent of 
the interconnected network. The balance coils used need 
be only large enough to carry safely the maximum unbalanced 
load of any section. They would probably be standardized for 
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any network as of the maximum size required, due to local 
conditions. In certain specific cases where a large amount of 
lighting load was connected to one section, as compared with 
adjacent sections, it w ould be advisable to select certain buildings 
and connect their lighting load across phases other than that 
normally supplying that section, additional balance coils being 
located either in the^treet or in the buildings selected. 

The lighting neutraf should be fused preferably to at least twice 
the value of the phase wires at both service entrance and in all 
house circuit panel boards, in cfrder that internal faults might 
not cause thfe neutral to open, thereby unbalancing th® voltage 
across the three-wire lighting system. Should a ground develop 
on a neutral within a building, the neutral fuse would, of course, 
blow. No ground should be installed on any of the house or 
service wires but the grounding transformers should preferably 
have their neutral leads securely bonded to the nearest water 
system in some adjacent building. I assume that the present 
network protectors may be used as now designed or 'with some 
slight modification; possibly a zigzag, instead of a star-connected 
grounding transformer, would be required to obtain certain 
necessary phase relations for rela# operations. 

Before this system could be adopted, certain changes in the 
code would^pfobably have to be agreed upon, such as over¬ 
fusing a lighting neutral in order that the neutral wire size need 
not be increased. There may lie others. 

I advance this scheme as being w orthy of study at this time 
when standardization is still in the embryo. If feasible, I believe 
that the cost to the industry of additional equipment required, 
in the v r ay of balance coils and grounding transformers, would be 
many millions lower than Mr. Richter’s lowest estimate of the 
cost of the required changes in present equipment using the most 
favorable of the schemes at present contemplated. Perhaps 
Mr. Richter could contribute a comparative estimate later. 

In the time at my disposal between the conception of this idea 
and the present, I have m>t thought of any vital objection to 
it. It may have some very vulnerable features which, make it 
impractical. It should, therefore, be thoroughly checked for 
any such faults and if none can be pointed out, given serious 
consideration before being throw n into the discard. 

A. H. Kehoes I disagree with the conclusions which would 
be inferred from reading the paper, and claim that the 120/208- 
volt system is the preferable one to adopt. In discussions before 
the Institute on voltage standardization, it has been stated that 
110-, 115-, and 120-volt systems are each being operated success¬ 
fully throughout the country on a single-phase, three-wire 
basis. One unfamiliar with conditions might readily think in 
reading the paper that 120/240-volt supply existed only on some 
of the older d-c. systems. It should also be noted that items of 
cost are included for changes in single-phase equipment that is 
regularly sold by the manufacturers, who guarantee its successful 
operation for the same service which in the paper is indicated as 
causing these heavy redesign expenses. Such single-phase 
equipment, today, as in the past, is designed , to operate suc¬ 
cessfully on 110-, 115-, and 120-volt services. It is difficult to 
understand how any charges for changes in these conditions will 
be incurred in time to affect the economics of the situation here 
under consideration. $ 

The paper states in the qualitative treatment of the 120/208- 
volt system that there is a possibility of using either a 5-per cent 
or a 10-per cent maximum allowable voltage variation. "The 
5-per cent variation is ignored in the quantitative results. This 
omission is made regardless of the fact that it has been many 
times stated that the 120/208-volt system operating with a 
maximum terminal voltage variation of 5 per cent is the only one 
of the combined balanced light and power systems which can 
supply all of the standard utilization equipment within the limits 
covered by existing agreements at which the equipment is guaran¬ 
teed to operate successfully. Needless to say, such a system is 
the only one which will avoid the expense which in the paper is 
estimated in the millions. 


It is questionable whether third-leg protection on some motor* 
circuits should be included in the costs, as th^industry now uses 
*■> this and will have to do so with any of the combined systems. 
Watthour meter costs, on the other hand, are not mentioned, 
presumably because the meters have .been developed and are 
required in practise today. However, the watthour meter charge 
is an important one to consider in any three-phase case, and 
should not be overlooked when considering costs. A fact to note, 
in this connection, is that for. the moment three-element meters 
co$t more than three separate single-element meters. 

I am not in accord with most of the statements made on public 
relations. It is paramount for good public relations that a 
customer never be inconvenienced from the viewpoint of our 
service to him, and that equipment which he wishes to buy, sell,® 
or use can be readily utilized. Universal use covers more than 
. equipment; it means service availability as well, on the fifth or 
fimeth floor, if need be, without mAjor reconstruction of the 
system while the consumer waits. The principal objection to 
the 115/199-volt system is due to public relations, in that it is 
impossible to guarantee delivery of a terminal voltage at which 
standard equipment is sold to operate successfully within its 
rating. 

From time to time it has been stated that a special motor of 
200 volts will be produced. Such a motor should not be pro¬ 
duced unless it can be designed for universal application. How¬ 
ever, if one is produced, it will be possible to operate it success¬ 
fully on a well-regulated 120/208-volt system. 

I am of the opinion that no single combined light and power 
system wijl be used for some time to come; but if one system 
should be generally adopted in the next few years, it will be the 
120/208-volt, three-phase, four-wire with a maximum variation 
of 5 per cent in terminal voltage. 

W. B. Kirke: I heartily agree with Mr. Kehoe on what he 
has to say in regard to the 120-volt versus the 115-volt system; 

I also am definitely on the 120-volt side. 

If we look ahead to the future and consider possibly a 10- or 
15-year period, we might make the assumption that in that time 
there will be a possible 10,000,000-kw. demand on network 
systems. If we ascribe a figure of $20 or $25 a kilowatt to the 
cost of secondary mains and subways* if it represente 
underground system,' we shall have a capital .investment of 
$250,000,000. A comparison of the kilowatt capacity of the 
115-volt system with that of the 120-volt system has to be based 
primarily upon voltage regulations, and in round figures one is 
10 per cent greater than the other. Ten per cent of $250,000,000 
is $25,000,000 which you can add as a credit on the 120-volt 
system. That makes up the difference in cost between 
$75,000,000 and $100,000,000. as represented in the Table X, 
on the assumption that the other figures are correct. I seriously 
question the values as given. 

L. L. Elden: In discussing this paper I must confess my 
inability to analyze some of the prospective savings which are 
computed for certain types of network systems. In some 
estimates which were presented recently it appeared that in a 
single system the cost of extensions during the next ten years 
was estimated to total something like $100,000,000 for distribu¬ 
tion equipment if present methods of construction and supply 
were followed. • 

It was suggested that the adoption of the network system 
would mean a saving of approximately $7,000,000. T wonder if 
there is anybody here—engineer, commercial man, or otherwise— 
who will guarantee that over a period of ten years his estimate fdt 
such construction will fall within 7 per cent of the actual cost* 

Such an estimate must take into consideration the future 
developments in the art, obsolescence of equipment, changing 
rates of interest, taxes, and many other contingencies. It is 
doubtful if anyone here would undertake such responsibility. 

It has become increasingly evident that in the maintenance of 
favorable public relations, we must consider everything that we 
do primarily from the standpoint of the user and for that reason 












DISCUSSION AT WINTER CONVENTION Journal A. I. E. E. 

■ o . .. m 

future say definitely blcause that has not been pursued far enough, but 

there is that hope. , . , -r 

W. B. Kirkes I would like to add one more point. In 

Brooklyn we have the 120-volt, service standard. We attempt to 
keep that voltage within the limits of 116 to 124 volts 

Our complaints on utilization equipments connected from 
to neutral due to 120-volt standard are practically ml. It may 
have some bearing upon the costs whichMr. Rmhtei: has given 
on rewinding of 120-volt parallel-connected or 220-volt series- 
connected motors. The network system that we intend to install 


must carefully review any investment and its effect upon 
operating and maintenance costs. 

An important feature of the networks under discussion 
propriety of operating motors at subnormal voltages as a 
necessary through the adoption of any four-wire, three 
secondary networks where the lamp voltages range from 

^Manufacturers’ data on motor operation show very con¬ 
clusively that operation at the subnormal voltages referred to 
results in a reduction of efficiency if the motors are operated at 
anywhere near full load. This method nf opexation takes ad- 
vantage of the 16-per cent tolerance factor provided by the manu 
facturers in their guarantees. From this point of ™w it may 
.appear that our utilities are within their rights in providing for 
operating such motors at lower than normal voltages. 

As this tolerance factor, however, is not mtended_ to be used, 
in such a manner since it is well known that there will be v^r 
tions in almost any system voltage below normal voltage, 

—,„+■ 1,0 t.iia.t-. in most cases the motor will be operated under 


hp suitable for nse m any luuamuu. -~ 

bion is feasible,* and I have been told J a m much interested in that figure anyhow loii&it is going 
s nothing to prevent such an arrange- take. If it is 2o'years we must have a great deal of hQPe- 

a motor construction except a slight M. T. Crawford (by telegraph): I suggest d ' SCU * S1 ° 
ae wav out of the situation with which that consideration be given to the delta system, I ig. - , 

16 Y ° U perm its the supply of full normal voltage to all utilization equip- 

initely stated that manufacturers do men t which will become more necessary with increased use-of 
m of 220-volt standard motors on 199-,. heating devices. Seattle has had multiple primary ee o 

owever, that manufacturers’ represen- voltage networks in operation six years with success, using tins 

ich motors for operation on the lower delta system for combined light and power on recen wor . 
in. This appears to be a most un- have no difficulty in balancing phase loads on primary feeders, 
i the end will be very destructive of p. Seelye (by letter): One eannot help but agree that the 

tnade to “secure a definite standardiza- adoption of one system as a standard would be very desirable, if 

possible. It usually occurs, however, that standardizationfollows 

jut of this situation something will be considerably behind utilization and is accomplished for the pur- 
motor product which will be universal pose of bringing order out of chaos but after the chaos is pretty 

us free to develop networks at will W ell established. It would appear somewhat doubtful if the use 

■ interests. of combined secondaries has yet reached Such a point as to make a 

no means out of the question to have a general agreement on a single standard possible, no matter how 
ecessfully, a universal motor, on 199 desirable it may be. A comparatively small percentage of the 
L little difficult to do, but it seems that industry is using such secondaries as yet although consideration 

plished by a combination of parallel-F is being given to the subject quite universally. A satisfactory 
merely suggest something like perhaps generally accepted standard cannot be impressed on such a 

3 -delta 225 volts. Not all motors can situation but will come only after a wide experience with all the 

ut a large number can. variations points to one type as most desirable. 

1 like to ask whether a motor of that The present trend seems to be quite generally toward the 
•able extra expense? It means heavier adoption of a Y-connected, 4-wire, three-phase scheme at either 
the frame 120/208 volts or 115/199 volts. There seem to be enough argu- 

understanding that it will not run into ments in favor of both these voltage combinations to make it 
ept on some sizes and speeds. I can’t quite certain that neither one will be universally accepted for 
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some time. Companies will probably choose the Voltage which 
corresponds best with their present standards and those which 
they will use elsewhere on the system (the combined secondaries 
will in most cases form only a part of the total secondary system). 
This might point to the adoption of one as a standard and the 
other as an accepted departure, as Mr. Richter suggests, but aside - 
from the probable controversy as to which will be the standard 
and which the departure^can the desired result be gained by such 
a standardization? The two voltages are far enough apart so 
that most of the changes noted by AJr. Richter for both systems 
would be necessary. The manufacturer would be bou$d to 
furnish apparatus both fpr the standard and the accepted de¬ 
parture. A possible solution might be a compromise between 
the two, say 117.5/203.5 volts for apparatus which would be 
only about 2 per cent away from either utilization voltage. 

Regardless of which voltage might be accepted as standard, 
there wall no doubt be a demand by motor users for motors in the 
200-volt range. This demand will probably not be entirely 
satisfied by 220-volt^notors either with or without supplemental 
ratings or understandings as to reduced allowable voltage 
variation. It will be met by some manufacturer by 200-volt 
motors. It would seem the best practicable solution to accept 
the fact that t^% probably will be systems at both 115/199 and 
120/208 volts (as well as at 115/230 volts) and to develop a line 
of apparatus, if possible, which wall be suitable for both voltages 
with satisfactory rating and guarantees. 

H. Richter: The question was raised by Mr. Chase as to 
whether the diverse conditions in the various distribution 
systems wall allow the application of any standard for com- 
' bined light and power secondaries. I wish to call attention to the 
fact that when standardization of frequencies was suggested 
many years ago, and of lamp voltages more recently, similar 
doubts were raised. Time has shown that in the general good of 
the industry the numerous local objections w'ere relinquished. 
Basically, the conditions treated in the paper are the same as were 
those of the frequency and lamp-voltage problems. 

There seems to be a doubt that the cost of continuing the 
present unstaadardized conditions would exceed the total of 
$75,000,000 to $150,000,000. An approximate analysis made a 
short time ago gave a sum greatly in* excess of $150,000,000. 
The assumptions included the usual process of developing equip¬ 
ment exactly fitted to each of the different systems? 

♦ 

The total expenditures given in Table II, incidentally, are net. 
In pointing out that the paper omits consideration of increase 
in investment and operating costs due to incidentals during the 
ten-year transition period, Mr. Chase lends support to those parts 
of the conclusions that suggest a comprehensive study by the 
leading men of the industry. His question as to how soon the 
huge totals against the combined system may be cancelled by 
economies introduced by this system can also be answered 
properly only by such a study. 

I fail to see wherein there would be undue difficulty in stand¬ 
ardizing on one combined scheme for Secondary networks 
because of objections to operating in the congested area of a 
city a system differing from that in the remainder of the city or 
to changing the rest of the distribution system to conform with 
the network. What of the numerous d-c. underground systems 
now surrounded by extensive a-c. overhead systems? At least, 
with the Fig. 2f scheme, many of the motors can be used inter¬ 
changeably on both radial and network systems. In one large 
city there are 120/240 volts direct current; 120/208 volts, three- 
phase, four-wire; 115/230 volts radial alternating current; and 
115/230 volts, two-phase, five-wire. Of course, this is ideal but 
it shows what is done in practise for expediency. 

- Mr. Wallau’s suggestion, like J. C. Parker’s translator system, 
is another of those admirable attempts to derive a combined 
scheme for three-phase networks which I hope will eventually 
result in eliminating compromises with existing standards. 
It should be given due consideration, but already I see some of the 


vulnerable features that he seejned to feel impending as he closed 
his remarks. The necessity of leaving the neutral wires un¬ 
funded does not meet the National Electrical Safety Code 
requirement to ground the neutrals at all services. The advan¬ 
tage of a thoroughly grounded solid neutral network over the 
entire system is also lost. Similar to the translator scheme* 
Mr. Wallau’s suggestion involves that added complexity in the 
distribution system due to auxiliary apparatus which is directly 
opposed to the simplicity of the Fig. 2 f scheme and may therefore 
be 1 undesirable to the operating companies. 

Mr. Kehoe objects to those assumptions in the paper that 
provide for changes in phase-to-neutral apparatus to suit the 
120/208-volt system. Surely we cannot ignore the fact that on a 
nominal 120-volt system the apparatus must be guaranteed for 
at least 120 volts plus or minus 5 per cent. It is incorrect to 
thinly that the guarantees on all standard equipment are covered 
at thqse limits, which are 126 to 114 volts. This would ignore 
the electric heating devils rated at 115 volts plus or minus 5 
per cent, or 121 volts maximum; miscellaneous apparatus, in¬ 
cluding fan motors, rectifiers, static condensers, etc., with the 
same rating; and distribution transformers rated at 110/115/120 
volts, that is, 120 volts maximum. 

It w as even considered necessary to assume 10 per cent plus 
or minus for the limits on small motors, general-purpose motors 
and motor-control equipment. The reason w as that this is the 
only standard that has been definitely agreed upon. It can be 
readily understood that such limits may not suit metropolitan 
netw ork systems maintaining very close regulation at utilization 
devices. Rut the guarantees are formulated according to the 
requirements^ of the majority of the systems in the country. 
For years the apparatus connected to radial systems in large 
cities has similarly had the same limitations as equipment for 
outlying towns and villages. 

Likewise, it is probable that the combined secondary scheme 
acceptable to the majority of companies operating networks may 
not be applicable to skyscraper services as well as to small stores 
and apartment houses, without some modification. 

Mr. Kirke claims that the 5-per cent economic advantage of 
120 volts over 115 volts will cancel the difference between the 
$100,000,000 expenditure for the 120/208-volt system and the 
$75,000,000 for 115/199. volts. In view of the decision of the 
industry to standardize on 115 volts for lamps and the indications 
that this decision is being put into effect, it would seem that the 
sum total of the disadvantages of going to 120 volts for phase-t% 
neutral apparatus must outweigh all the advantages. 

In neglecting to be governed by this gain of 5 per cent, im¬ 
portant consideration w r as apparently given to the condition 
illustrated by some figures published‘in the Electrical World . 
These state that the application of 110, 115 and 120 volts to 
residential customers is in the approximate ratio of 76 to 37 to 17. 

The Europeans appear to be swayed by this economic factor 
and not only carry the process to its logical conclusion by using 
the 220/380-volt combined system but also point to the undue 
conservatism of our 115/230-volt separate light and power 
system. 

Mr. Kirke thinks that the 1926 lamp sale totals wall cause the 
115- and 120-volt curves in Fig. 4 to converge further. It may 
be too early to make this prediction, as it is quite possible that 
4 there will be no further convergence. Furthermore, the 120-volt 
curve is not conclusive. No effort has been made to differen¬ 
tiate between the lamps on d-c. systems and those on a-c. I 
have obtained data from a reliable source that show' that as of 
January 1, 1926, the percentage of domestic lighting customers 
using direct current to those served with alternating current was. 
for 110 volts—0,33 per cent; for 115 volts — 0.25 per cent; and for 
120 volts—25 per cent. Applying these corrections to the curves 
in Fig. 4 results in dropping the 120-volt curve considerably 
below the position shown. It is thus apparent that 115 volts is 
decidedly the standard at the present time. 
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conditions tfiat liad brought about certain of tbe off-standard 
voltages. With these voltages so firmly entrenched, it certainly 
appears .to be a difficult task to choose a series of transmission 
voltage standards satisfactory to the majority of systems. This 
situation is one more eloquent plea that the small differences 
here and there in the combined light and power secondary 
problem be reconciled as quickly as possible. There will thus be 


If a standard combined system were chosen in conjunction with 
a recognized departure,. Mr. Seelye believes the development of 
apparatus with guarantees for the departure would come about. 
I think this unlikely. At present, 120 volts is a recognized de¬ 
parture from 115 volts, yet the majority of electric heating 
devices, distribution transformers and those devices listed in the 
paper as miscellaneous are still rated at 115 volts plus or minus 
5 per cent. 

In the discussion of standardization of transmission voltages, 2 
mention was made that there had been omitted a review^of £he 


Discussion at Kansas City Meeting 


DEVELOPMENT OF RAILWAY SIGNALING 1 / 

( Stevens) * 

Kansas City, Mo., March 17, 1927 

F. E. Snell s Though continued development of the semaphore 
and light type of signals resulted in the production of a highly 
efficient unit, it yet has some serious drawbacks as pointed out by 
Mr. Stevens. These unfavorable conditions, attendant on 
wayside signals, which could not be remedied by electrical means, 
naturally resulted in the development of a cab signal. The cab 
type of signal may also offer a solution to one of the problems with 
which we are confronted in Cleveland, and which, no doubt, 
affect other operators of rapid transit lines in metropolitan areas, 
where a portion of the right-of-way is through #the less polite 
residential sections. I refer to the malicious destruction of signal 
equipment by trespassers, particularly small boys who throw 
stones, using the wayside signal light lenses as targets. 

It would be interesting to hear, not only of the problems pre¬ 
sented by the inductive effects of adjacent power lines of the 
same frequency as the signal current, but also something re¬ 
garding the ability of the engine equipment to function properly 
under severe conditions to which it is no doubt subjected. In 
other words, do vibrations, bumps, etc., cause excess relay or 
lamp failures when compared with the wayside type of signal? 

Wishing to £ive the traveling publid the greatest possible 
protection, signal engineers have experimented with, and atmospiiere ^ erl th e magnetic effect 
developed, various forms of automatic train control, the ultimate - 

success of which, Mr. Stevens states, is debatable. Our com¬ 
pany has had no occasion, of course, to consider such a system, 
but from the wonderful progress made in the signal field in a 
comparatively short time, as well as in other branches of the 
electrical industry, I can see no reason why continued experi¬ 
menting and future developments will not soon result in more 
efficient and reliable methods of signaling and automatic control 
of trains. 

O. S. Major: As presented by Mr. Stevens, the cab-signal 
system appears to be comparatively simple, but when one digs 
into the problem a little deeper and considers various traffic 
conditions to be contended with and traffic reversal as used on the 
Santa Fe, situations sometimes arise which are extremely 
complicated. 

Other general types of automatic train control not taken up by 
Mr. SSevens include the intermittent inductive, intermittent 
contact (ramp type), continuous two-speed and continuous stopr 
they are all intended to accomplish the same general purpose, 
namely, enforcing of obedience to, or cognizance of, signal 
indications. 

In the intermittent contact or ramp type, ramps are placed 

at intervals along the roadway which make contact with a shoe matic application of the brakes, providing he is 
on the locomotive. The ramp is energized or deenergized, de- to perform a certain duty in a specified length of 
pending upon track conditions ahead or wayside signal indication; place. 

E. journal, July 1927 , P. 717 . The Chicago ^Northwestern has installed i 

;; A . E ; E . Jo1 ;r N a L . My. i«, p. 689. tii™ control which is rather unique in many 


In the intermittent inductive types, several methods are usea 
to impart an electrical impulse to the locomotive circuits through 
an air-gap to a receiver moflnted on the locomotive "which in turn 
controls electropneumatic valves causing a reduction of brake- 
pipe pressure under certain conditions of track and signal 
indications. 

The track element, or inductor, in one device consists of per¬ 
manent magnets and electromagnets, placed adjacent to one 
another in such a manner-that when energy is applied to the 
electromagnets, the field of the permanent magnet is suppressed 
or flattened out to the extent that the locomotive receiver or 
valve in passing over it will not receive an.impulse, which would 
be the condition set up for a clear block. The energy supplying 
the electromagnets is selected through certain relays and contacts 
in such a manner that if the track ahead is not clear, this circuit 
will be open, the field of the permanent magnet will not be sup¬ 
pressed and the locomotive receiver or valve on passing through 
this field is subjected to the effects of these lines of force. The 
action of the locomotive receiver or valve is purely magnetic, 
embodying the principles of north and south poles bucking and 
helping one another. An air valve with pressure on one side 
working against a magnet on the other side vents pressure to 
atmosphere when the magnetic effect on the valve^is diminished 
or neutralized on account of passing over the extended field of 
the track element. 

Another type of intermittent inductive train control uses an 
inert track element or inductor which imparts an impulse to. a 
receiver mounted on the locomotive when the receiver passes 
over it. The inductor consists of a laminated iron core around 
which wire is wound. The receiver consists of a primary and 
secondary winding on a laminated U-shaped core. . The primary 
is constantly energized from the headlight generator, thereby 
forming an electromagnet. If the leads to the track element or 
inductor are closed, as in clear block conditions, the engine 
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the operating mechanism controlling the speed of "the train in a 
yellow or caution block is a function of both speed and distance. 
The mechanism is driven from the axle. A lever or arm, working 
on a sliding governor, opens and closes certain contacts at 
various speeds and when a yellow block is entered, another arm 
or lever engages a worm gear which operates the arm to open 
and close certain other contacts at predetermined intervals of 
space or distance, the woran gear being also axle-driven. Another 
set of arms or levers combines the speed and distance features 
and operates still another set of contacts. The combination 
speed and distance contacts provide a means for compelling 
the engineman to control, the speed of his train in conformity 
with a predetermined tapered speed curve, and require that the 
speed of his train be below a certain low speed at a particular 
point. If the speed of this train is not below the low-speed 
lifhit at a particular point or place, he will be penalized with an 
automatic application of the brakes which he cannot release 
until his train has come to a stop. Cab signals are also pro¬ 
vided in this installation, but I believe the old wayside signals, 
which are of the disk type, are still in service. 

In the systems of continuous control, I find that some roads 
reverse the polarity of the loop circuit and some reverse the track 
circuit in order4fi*§et the normal, neutral and reversed positions 
of the engifi^ train-control relay. 

The device Mr. Stevens refers as the “Coder Device” which 
he states the Santa Fe is testing should fill a long-felt need if it 
proves satisfactory. It eliminates the loop circuit and renders 
the locomotive apparatus immune to picking up stray alternating 
currents of commercial frequencies. 

I am rather inclined to agree with Mr. Stevens that in the 
last analysis continuous control is the end to which we should 
work as it paves the way for the ultimate elimination of wayside 
signals and provides a continuous check on the integrity and 
continuity of the track as well as the engineman. 

An automatic train-control device using radio frequencies has 
been under development and test for some time on the P. M. 
Railway with encouraging results, but I am not advised as to the 
present status «of this device. Considering the rapid progress 
and development in radio in the past few years, it is not entirely 
impossible to conceive of automatic continuous radio train 
control. # * 

A. Herz: ^Mr. Stevens has made it clear that the locomotive 
signals depend on the magnetic field impulse transmitted through 
several inches of space, usually six in. or more over each rail, 
making a total air-gap of over one ft. The train control signal 
current used by the railroad is weak, in fact, not over one ampere. 
The power interests transmit large quantities of current oyer 
wires often located adjacent to railroad tracks, since the condi¬ 
tions of supply and demand make this necessary. These 
power wires are located at a distance making an air-gap many 
times greater than that used by the railroad interests in sending 
the train control impulse through space from rail to locomotive. 
However, it is quite impossible to transmit these 'large currents 
without setting up the usual magnetic fields around the con¬ 
ductors, which will in many instances cut the railroad tracks 
and thus create a very weak current flow along these tracks quite 
similar to that made use of by the railroad for this train control. 
This is especially pertinent and has a great bearing on the whole 
problem, since in some instances the railroad makes use of 
60-cycle current and since the receiving devices and the whole 
set-up is such as to respond to the impulses from a 60-cycle 
magnetic field, so that the normal magnetic field liberated by the 
power wires may also influence the signals in the same manner, 
and very often in an undesirable ma nn er 

That this is actually the case has been demonstrated in 
various localities. Some recent experimental work on a parallel 
between a continuous inductive type of train control installation 
and a power line along the edge of the right-of-way demonstrated 
that a comparatively small current, I believe it was on the order ' 


o 

of seven amperes, carried on the power lighting circuit, produced 
enough current in the rails actually to set up a false clear signal 
ori the locomotive. The almost obvious reason for such a 
failure, of most dangerous nature, is the simple fact that the 
field of the power line had the same frequency as the field used 
in the track circuit to transmit the signals. 

I want to draw attention to the obvious danger of having 
these devices set up so that they are responsive to the normal 
stray fields of the commercial power systems which are today 
almost universal. If the magnetic field made use of by the 
train control signal employs a materially different frequency, 
such interference can be absolutely prevented. This has been 
proven and is practically self-evident. As a matter of fact, 
some train control systems now being installed and also some 
now in use operate at 100 cycles, instead of 60 cycles. Some will 
go safar as to use 100 cycles plus mechanical tuning, that is, 
to employ an interrupted 100-cycle current, the rate of inter¬ 
ruption^ being such thab a mechanically resonant, relay will 
respond to it and none other. This will provide a double 
element of safety or protection against possible interference 
from commercial power systems. However, there is probably 
a good deal of experimentaUwork which must be done before the 
continuous inductive train control system is really perfected for 
general adoption. 

T. S. Stevens: The relays for controlling automatic block 
signals on electrically operated railroads are designed so that 
they can be operated not only on direct-current operated rail¬ 
roads by alternating currents but on alternating-current pro¬ 
pulsion railroads by the use of relays of a different frequency, 
centrifugal relay, sensitive to a different frequency from that 
used for propuls?on. So the complete track circuit is used in 
that way. 

Mr. Snell spoke of operating cab signals on electrically operated 
railways and it is rather interesting because this is probably the 
most interesting electrical development of the age. 

I don’t want to start a discussion about frequency because it is 
too deep. The effects of the use of any frequency, whether it 
happens to be a different frequency from that of the power 
companies or the same, are not thoroughly known. What 
corrections can be made with the same frequency and still 
provide safe operation, * are still doubtful. Whether the 100 
cycles will not lead us into other difficulties is not known. A 
device of some kind which involves only very, very low fre¬ 
quency may be developed in the future, but we are pioneering! 

I want to say in favor of Mr. Herz that he has been and we 
also have been working along amicably toward a settlement of 
thifs problem and no doubt will get to the solution of it some time.- 
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SUBSTITUTION METHOD foR THE DETERMINATION 
OF RESISTANCE OF INDUCTORS AND CAPACITORS 
AT RADIO FREQUENCIES 1 

(Burke) 

Pittsfield, Mass., May 25, 1927 * 

T. E. Shea: This paper offers an opportunity to call attention 
to certain equivalent networks, due to Dr. O. J. Zobel, ^hich do 
not seem to have become generally absorbed into the literature to 
the extent that they deserve. 

In the design of wave filters, of equalizers, or of balancing 
networks for simulating telephone lines, these equivalents have 
two values. In the first place, they simplify a great many 
formulas and give & better picture of what is going on in the 
circuit. In the second place, more desirable inductance, capacity 
and resistance values are often obtainable. 

Now consider the network represented in Fig. 2 of the present 
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paper. We are all familiar with the various relationships of 
equivalent T and IT networks (for example, those made up of 
capacities) where there are three terminals for eac ne wo 
Nobody would ever question, if he had one mesh and it were rnore 
convenient to substitute another in a circuit and get a better 
picture of what was going on or get a more easily calculated 
circuit, the validity of using the second mesh. If he obtained 
more desirable capacity values, or a more convenient arrange¬ 
ment of capacities, he might even substitute the one mesh 

physically in place of the other. , 

In the case of two-terminal networks, that is, impedances 
in which there is only one main current path, there are a large 
number of similar equivalents. In the ease of Fig. , ® 

corresponding equivalent two-terminal network is in the form of 
capacity in series with a parallel combination of resistance and 
capacity. Likewise there are equivalent two-terminal meshes 
using inductance and resistance, and inductance and ca/acity, 
respectively, and for any number of component impedance 

elements. ; .. . 

If in this present case, for example, one wishes to investigate 

the matter of selectivity—the change in sensitivity of the device 
as the frequency is slightly changed—I suggest that it can be 
done very much more readily by means of equivalent networks, 
although, of course, the formulas in the paper ultimately simplify 

down to give the same results. . 

Two-terminal equivalent networks are discussed m ^ many 
places in the literature; for example, in Zobel’s papers on “Wave 
Filters,” R. S. Hoyt’s paper on “Design of Networks to Simulate 

Smooth Lines, ” and R. M. Foster’s paper on ‘AA Reactance 
Theorem,” and in K. S. Johnson’s book “Transmission Circuits 
for Telephonic Communication.” 

J. G. Ferguson: I would like to point out the small modifi¬ 
cation necessary in a circuit of this type to transform it into a 
bridge network and thus eliminate the necessity of measuring 
the current in the circuit in order to determine the point of 

resonance. . . . „ 

In Fig. 1 of the paper, we have a resonant circuit consisting ot 
the three inductances, the variable capacitance, and the variable 
resistance, all connected in series. In order to measure resis- 
- tance, as described in the paper, it is necessary to adjust the cir¬ 
cuit for resonance. The resistance is determined by adjusting R 
to give the same current reading, with the test coil or condenser in 
and out of the circuit. The difference in the reading of R then 
fives the value of resistance requited. 

Now the e. m. f. applied t<* ! ifU^rcuit is induced in Coil L A . 
If we place across this coil in two equal resistances, we do 

not change the circuit in any .ray, except to introduce a shunt 
across the generator coil. . By* connecting a detector from the 
midpoint of the two added resistances to ground, we transform 
the circuit into a bridge network, having two equal resistance 
arms, a third arm containing th$ resistance R , and a fourth arm 
containing L 0 . L x , and C in servos. If we balance this bridge by 
adjusting R and C to give zero current through the detector, then 
L 0 and L x in series must be in resonance with C, and the total 
resistance of this arm must be equal to R. 

n This method is practically identical with the method de- 
seribed^ except that it is unnecessary to measure the current, 
or even to hold it constant. Consequently, we do not have the 
same requirement of stability in the oscillator. 

The general method described is really a substitution one, the 
* assumption being made that the change in the capacitance of 
C may be made without changing the loss in the circuit. The 
usual assumption made is that if the dielectric loss is known or 
negligible, there are no other losses to he considered. However, 
at radio frequencies this is by no means the ease, as in certain 
designs of capacitors we may have considerable eddy-current 
loss. Consequently one of the chief limitations of the method is 
in the determination of the loss in the standard capacitor. 
Knowing the loss in the standard, the method consists simply of 
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substituting the unknown for the known, keeping other condi- 
ditions the same and reading the change in the setting of the 
variable resistor R. 

Probably the only absolute way of determining the loss 
in a standard capacitor is the calorimeter method, and there are 
so many difaculties to be overcome in a measurement of that 
type, that a high degree of accuracy can tie obtained only by use 

of extraordinary precautions. 

In conclusion, there is just one other point which makes a 
bridge method preferable *to an indicating method. If the 
deteefor is a heterodyne type or some type which allows us to 
discriminate between the frequency at which we wish to make the 
measurement and other frequencies, it is possible to balance the. 
bridge for one frequency only, that is, for the fundamental. 
Any indicating method such as described in the paper which is 
dependent on a current measurement, measures the total current 
in the circuit including all of the harmonics, and the result 
obtained becomes a function of wave shape. 

A. Nymam I was rather amused on the question of nomen¬ 
clature and particularly as applied to condensers. The company 
I ain connected with is making millions of condensers every 
vear, and I believe if we started changing th^game to capacitor 
we would find ourselves in difficulty; people wouldn’t know what 
we were talking about. # 

In connection with the measurement of condensers in Mr. 
Burke’s paper, particularly at radio frequency, we worked out a 
method of measuring condensers at radio frequency which I 
believe is very accurate and quite simple. 

The accompanying figure shows the construction of this test 
set. It consists of two independent oscillating circuits both with 
adjustable capacities. By arranging the capacities close to the 
same values, a beat note is formed between the two oscillating 
circuits, and this beat note can he brought very close to 1000 
cycles by introducing in the circuit a 1000-cycle note from a 



p IG . i —Precision Capacity Measurement 

tuning fork. Thus, on the left-hand side of the diagram, a 
standard condeuser.is adjusted alone until the 1000-cycle beat 
note tunes in with the 1000-cycle note from the tuning fork. 
Then a condenser to be measured is inserted in parallel with the 
standard and the standard readjusted to get the same condition. 

It is of course necessary to watch that this beat note is always 
on the same side of the resonance curve. This will be the con¬ 
dition if the resonance is always approached from the same side, 
say, reducing the condenser in each case. Since the frequency 
of the circuit is now the same as it was before, the total capacity 

is the same as it was originally. 

It has been found that it is possible to gage the frequency of the 
beat between the two 1000-cycle notes to within one cycle every 
two or three sec. With a million cycles on each oscillating 
circuit, this would give an accuracy of comparison of condensers 
of one in a million. Of course, this accuracy is a good deal higher 
t. lmn is required under any practical circumstances. Moreover, 
the actual accuracy is limited by the construction of the standard 
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Condenser. With a General Radio type 222 standard condenser, 
this accuracy is not more than one in 25,000. 

This method of measurement has been found quite reliable and 
is not affected by any outside circumstances. Since the two 
measurements are made on the same oscillating circuit, and the 
measured condenser is generally considerably smaller than the 
standard, the load conditions on each tube are practically identi¬ 
cal and there is no tendency to upset the frequency relations 
of the two circuits. Moreover, the coupling between these two 
circuits is so loose that any change* in one circuit does not affect 
the oscillation in the other circuit until approximate resonance 
(beat note of about 25 to 60 cycles) is reached. Thus, at the 
1000-cycle beat note, the effect of one circuit on the other is 
entirely negligible. 

C. T. Burkes In regard to the points raised by Mr. Ferguson, 
the condenser is the weakest link in the circuit. We have found 
in fact that on very high frequencies of the order of 50,000 kilo¬ 
cycles or thereabouts, the use of a condenser of the soldered- 
plate type does shdw a noticeable improvement over the usual 
stacked-plate type. 

In connection with the other question as to the effect of 
harmonics, since this circuit is tu|jed to the fundamental of the 
oscillator, the«4#*gnitude of harmonies in the circuit should be 
rather small, and as the actual value of current is not used in the 
computation but is only used t# reset the circuit, harmonics in 
the circuit should not affect the accuracy of the method unless 
the magnitude of the harmonic differs between the two tunings, 
and there does not seem to be any reason for expecting this to 
occur. 

As to the other point raised in the matter of nomenclature, 
the terms “capacitor” and “condenser” do refer to the same 
thing. 


CONDENSER SHUNT FOR MEASUREMENT OF HIGH- 
FREQUENCY CURRENTS OF LARGE MAGNITUDE 1 

(Nyman) 

m Pittsfield, Mass., May 25, 1927 

B. E. Lenehan: It is not apparent why the capacity of a 
condenser can be assumed to be constant up to frequencies as 
high as 6000 kilocycles. * Two conductors spaced approximately 
10 times th^ir diameter y ill have an inductive droj) at 50 amperes 
6000 kc. of about 345 volts per ft. The mutual inductance 
between the meter and shunt circuit can hardly be disregarded 
as only 1 per cent coupling would introduce errors of around 50 
per cent. 

The method is a very good practical way of making high- 
frequency measurements after its accuracy has been established, 
but it can hardly be classed as a standard. The well known 
difficulties of shielding high-frequency circuits are e vident due to 
to the high resistance of all materials. This effect accounts for 
the use of only moderately high frequencies in induction furhaees. 

We must remember that no method of demonstrated accuracy 
exists for measurement of currents above i000 kc. Resistances 
and inductances are all affected by the proximity of the return 
conductor of a circuit if any exists and the usual effects by which 
t>ne makes measurements are complicated by the fact that the 
usual “constants” of a circuit are not constant. 

Alexander Nyman: Concerning the statements of Mr. 
Lenehan, with regard to the voltage drop on leads at 6000 lie. 
and 50 amperes, it is not clear what size of lead he is contem¬ 
plating, as of course the bigger the lead the less would be the 
drop per unit length. It is of course also true that the leads to 
condenser shunt are short from the junction point of the small 
condenser and these leads are so arranged as to confine the 
magnetic field to a small space and for this season the voltage 
drop is practically negligible. 

The induc tive effect of these leads is again reduced by their 
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mutual shielding arrangement, and by the fact that the leads 4 
to the thermo-couple are very short. This inductive effect 
gan of course be determined by connecting the small condenser 
element to the large, in which case it will be found that no 
current passes through the thermo-couple. In other words, 
the mutual inductance which Mr. Lenehan mentions is much 
less than 1 per cent and probably could not be readily determined. 

With regard to the second paragraph, the writer is fully aware 
of the difficulties of shielding as this factor had been carefully 
Studied in the design of the condenser shunt. The shortness of 
leads, the construction which encloses the incoming lead by 
outgoing leads, and a complete separation in a metallic container 
are the essential features which were found necessary for 
shielding. In other words, if the construction is such that there * 
is no external held except in close proximity to the conductors, 
then the magnetic effect evidently is much easier to shield than 
thamfor an exposed conductor. 


HIGH-FREQUENCY MEASUREMENT OF 
COMMUNICATION APPARATUS 1 

(Shackel^on and Ferguson) 

Pittsfield, Mass., May 25, 1927 

J. R. Craighead: Will the authors kindly clarify the defini¬ 
tion of a crosstalk unit? The definition of a unit as a “relation” 
is not easy to use for measurement purposes. 

N. E. Bonn: Messrs. Shackelton and Ferguson have men¬ 
tioned a vacuum-tube oscillator the frequency of which they can 
keep constant to within one part in 250,000 under ordinary 
variations Ih external conditions. If this is meant to include 
variations in piate voltage and filament current, the statement 
would appear to be at variance with universal experience which 
indicates that the frequency of vacuum-tube oscillators is pro¬ 
foundly affected by changes in tube impedance. In view of the 
importance of the subject will the authors please discuss the 
particular features of their circuit that make it so stable? 

W. E. Shackelton: We are very glad to have had Mr. 
Craighead’s comment on the matter of crosstalk. I will not 
attempt to redefine the crosstalk unit, but will simply try to 
explain what is meant by it, and then you can make your own 
definition. , 

If we have two circuits which, due to some undesired coupling, 
are so related that the current flowing in one of the circuits 
causes a current to flow in the second circuit, and if the current 
so induced (I am assuming that these circuits have the same 
impedance) is one-millionth part of the current in the circuit 
causing the disturbance, we say that the relation between the 
two circuits is such that one unit of crosstalk exists. If the 
induced current is twice as much the relation is such that we have 
two units of crosstalk. We don’t have two relations, but you 
see we do have a different relation from that in the first ease. 

Mr. Bonn has raised some questions regarding,the 1000-cycle 
oscillator. I think he assumed the statement that I made 
regarding the smallest division of the capacity element of the 
oscillating circuit to indicate the frequency stability of the 
oscillator as a whole. I said that the condenser could be set to 
one part in 250,000, but we do not claim that to represent the 
stability of the oscillator. We consider that to be, wi^i respect 
to variation of filament current or plate potential, about one part 
in 100,000. I will ask Mr. Ferguson to explain in a general way 
how it is that we are able to obtain that degree of stability. 

J. G. Ferguson: The frequency variations of the current in • 
any oscillating circuit are due to a number of causes,. One of the 
principal causes of variation would be variations of load. This 
is taken care of in this particular case by the use of one tube for 
an oscillator and a second tube as the amplifier. The load 
taken by the amplifier does not affect appreciably the oscillating 
circuit. 

1. A. I. E. E. Journal, May, 1927, p. 4S7. 
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A second cause of variation is the variation in the level of 
oscillation in the oscillating circuit itself. _ In this case, we have 
to deal with only"a single frequency, and it is possible to design 
the circuit so that the best conditions prevail for that frequency, 
that is, the degree of coupling controlling the level of oscillation 
is such that variations of plate potential, or of filament current, 
have the minimunf effect on the frequency. 

This is not so easily accomplished when we have an oscillator 
that covers a wide range of frequency, but in this ease, tor a 
single-frequency oscillator, it is comparatively easy to desigivtne 
circuit so that the variations are very small due to changes m the 

level of oscillation. . . . , , . 

Aside from these variables, the oscillating circuit itself, that is, 

„ the tuned circuit, is the greatest cause of variation, and this has 
been taken care of as described already by having the tempera¬ 
ture variation due to the condenser equal and opposite to the 
temperature variation due to the coil and placing the ho e 
tuned circuit in a separate assembly which is arranged stfthat 
any temperature changes take plae'e very slowly, and the coil 
and condenser can be considered always to be at the same 

temperature. . 

Another way in which the characteristics are improved is to 
have a large capacity in the tuned circuit. In this particular 
case, the capacity is approximately K microfarad. This means 
that variations in stray capacity and other variations which 
would cause frequency variations in the circuit if the circuit 

capacitance were small are reduced to a minimum. 

The actual characteristics of this particular oscillator may be 
of interest. The frequency variations are less than 0.001 per 
cent with changes of B battery from 125 to 135 volts, the nominal 
voltage being 130 volts, and for current variations from 1.9 to 
2.1 amperes, total current through the two-tube filaments in 

parallel. • u V 

The variation of the oscillator over a period of six months is 
less than 0.02 per cent. Such variations with respect to time, 
can be taken care of by reeaiibration. Over a period necessary 
to make a measurement or a series of measurements the stability 
is better than 0.001 per cent. 


A NEW THERMIONIC INSTRUMENT 

(Ho are) 

Pittsfield, Mass., May 25, 1927 
<?V. E. Bonn: Mr. Hoare’s instrument will undoubtedly be 
found very useful for certain special applications. For general 
laboratory work and as a detector in ordinary bridge and poten¬ 
tiometer circuits its value is very much limited by the exception¬ 
ally high internal impedance. True, it can be made to give a 
full-scale deflection while drawing only 0.1 microampere from the 
circuit, but it takes fully 0.3 volt to do so, and such high voltage 
is not available when one measures temperatures by means of 
thermocouples or in ordinary Wheatstone bridge and poten¬ 
tiometer circuits. 

Throughout the paper the instrument is referred to a number 
of times as a microammeter. Now a microammeter is a current- 
measuring device the impedance of which must be much lower 
than the impedance of the circuit in which it is being used. 
To express the sensitivity of an instrument having an internal 
impedance in excess of 3 million ohms, in terms of microamperes 
is somewhat misleading. This instrument is strictly a volt¬ 
meter, but not a microammeter in the accepted meaning of the 
term. 

B. W. St. Clair (communicated after adjournment): Vac¬ 
uum tube thermionic instruments are by no means new. There 
have been a number of different instruments on the market for 
several years. There are certain differences between the 
schemes proposed by Mr. Hoare and those that have been used 


heretofore and it is to>e differences in these various instruments 

that this discussion is dedicated. 

The biggest difference between this instrument and the more 
ordinarv type of thermionic or vacuum-tube voltmeter is m the 
elimination^ all auxiliary equipment with the exception of one 
exciting battery. Heretofore vacuum-tube instruments have 
“S5 either B kMtra.s or C batteries o, -W —* 
or voltmeters in addition to the A b^tery required by thr 
instrument. In several of the schemes the accuracy of the final 
measurement is determine* by a setting of an auxiliary 

“InoX'Very real difference between this instrument and the 
older ones lies in the type of scale that results and also in the 
position of the electrical zero._ In few of the previous scheme 
do the electrical and mechanical zeros coincide. Mr. Ho 
instrument is the only commercial one I know of that has c 

incident mechanical and electrical zeros. Most of the instru¬ 
ments proposed heretofore have scales that depart very senoudy 
from a uniform law. The departure from • linear law of the 
scales of these instruments is not very serious. In fact, the 
scale can easily be read with about the same linear accuracy at 
any part of its length. This*is not true iu the older commercial 
instruments we are familiar Wfch as they have gg^les that corre¬ 
spond more to reciprocal laws than, to straight line laws. For 
many test purposes the uniforimtype of scale is very much to be 
desired. 

S C Hoare s Under ordinary conditions, I doubt if many 
will'object to the resistance of these thermionic microammeters 
since when measuring current values of the order of 20 to 1 
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* TRUE VOLTS 

F ig . 1 —Alternating-Current Thermionic Voltmeter 
Variation with Wave Form. Given in Terms of Bine- 
Wave Indications Tested at 60 Cycles 

• ■ ■ ' ;■■■■, , - 

microamperes or less, the resistance of the circuit is so many 
times that of the instrument that 3 megohms would not be 
serious. A common use of these instruments is for photoelectric 
eeU photometry where the circuit resistance is many times that 

of the instrument. In such work the instrument resistance can 
be considered almost insignificant. 

Errors due to irregular wave-forms are inherent in those types 
of thermionic instruments in which the grid is worked at positive 
potentials. The errors become smaller with the reduction in 
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* FOR DIRECT CURRENT 

•FOR ALTERNATING CURRENT 


Thermionic 

Type 

d’Arsonval 

Tfpe 

d’Arsonval 
• Type 

Thermo-couple 

Type 

* Electrodynamic 
Type 

Ampere, full scale. 

Resistance between terminals (ohms). 

Drop at full scale (volts).... 

Torque full scale (mm-g.)?. 

0.0000001 

3,300,000 

0.33 

0.9 

0.0005 

800.0 

0.4 

2.2 

0.010 

100.0 

1.0 

1.9 

0.002, 

600.0 

1.2 

0.010 

5000.0 

2.8 

2.8 


positive grid potentials, and are quite negligible in those instru¬ 
ments in which the grid is kept always at a negative bias. 

The accompanying characteristic curves illustrate the magni¬ 
tude of wave-form errors with different conditions of grid¬ 
biasing. The upper set are typical of an instrument in which the 
grid is never permitted to become positive. In this type the 
current consumption in the input circuit is practically nil. The 
lower set represents the other extreme, wherein the grid is per¬ 
mitted to become appreciably positive. This type draws about 
100 microamperes ia. the input circuit. 

Waves C and 0 are badly distorted, C containing prominent 
fifth and seventh harmonics and 0 containing third and seventh 
harmonics. 

% 

I doubt if MwflBonn appreciates the magnitude of the voltage 
drop necessary' in an instrument for the measurement of very 
small currents. Alternating-carrent instruments especially 
require quite an appreciable drop when the current range ap- 
roaches milliamperes or microamperes. In the brief tabulation 
above are given some values for ordinary d-c. instruments and 
for a-e. instruments. It is there seen that the drop across the 
thermionic microammeters is not excessive when compared with 
some of the more ordinary types of test instruments. 


THE OSCILLOSCOPE, A STABILIZED CATHODE-RAY 
OSCILLOGRAPH WITH LINEAR TIME AXIS 1 

(Bedell and Reich) 

"Pittsfield, Mass., May 25, 1927 

K. B. McEachron: It seems to me that the material in 
this paper will be of coi^iderable value to all of us who are in¬ 
terested in the^tudy of recurrent phenomena of ^character that 
requires a measuring device which takes little or no energy from 
the circuit. 

The paper describes a very interesting and ingenious scheme 
for securing two or three sets of measurements all on the screen 
at the same time by the use of the distributor. Also, a method 
is given for getting a linear time axis by the use of the so-called 
Schroeter valve which I believe is perhaps better known abroad 
than in this country. 

I do want to say something, however, regarding the statement 
made in the first few paragraphs of this paper with reference to 
linear time axes of other investigators and to say something about 
the work which we have been doing ourselves along that line. 

Some two years ago 2 Mr. Wade and myself showed a group 
of cathode-ray oscillograms having a linear time axis. 

It is well known that for a few degrees either side of zero, 
the current of a sine wave will vary directly with the time and 
the linear time axis shown in the paper referred to was obtained 
by using such a portion of a sine wave of current in the oscillo¬ 
graph deflecting coils. Thus when the current is zero the electron 
stream impinges on the middle of the photographic film, the 
synchronous switch usually being so arranged that the unknown 
transient occurs at this moment. 

For taking volt-ampere curves, it has been necessary to develop 
a special form of motion in which the spot moves at a uniform 
rate to the m iddle of the film where it undergoes deflection by 

1. A. I. E. E. Journal, May, 1927, p. 487. 

2. A. I. E. E. Trans., Vol. 44, 1925, p. .832. 


Peas^n of the transient being studied and then resumes its uni¬ 
form motion, thus carrying the spot off the film. 

For transients of very short duration it is necessary to use as a 
time scale a high-frequency wave which gives an approximately 
linear axis only near the middle of the film. With such a time • 
scale either end is very much condensed. 

It should be remembered that the oscillograph which is used 
ky %°^ essor Bedell and Mr. Reich is quite different from that 
used W" ourselves, since J;he transients we study occur but once, 
while with the oscilloscope they must necessarily be recurrent to 
obtain satisfactory records. For our work it is necessary to 
place the photographic film within the vacuum chamber which is 
not necessary with the oscilloscope. 

P. A. Borden: W T hat I have to say in discussing Professor 
Bedell’s paper on the oscilloscope may appear irrelevant; but I 
take this opportunity to press the plea that I have always put 
forward for better standardization in engineering nomenclature. 

In this connection I want to call attention to the word “oscil¬ 
loscope.” There was a device produced in England a few years 
ago by a Mr. Elverson, designed for visualizing the movements 
,of rapidly oscillating mechanisms. It is purely mechanical and 
optical in its nature and is now generally known as the Elverson 
oscilloscope . Now Professor Bedell shows us a new and valuable 
application of the cathode-ray oscillograph, which has been 
styled the “oscilloscope:” and while on a basis of technical 
exactitude, his right to use this term would appear to be quite as 
great as that of Mr. Elverson, I cannot but feel that this double 
use of the term does not serve to clarify our technical nomen¬ 
clature. I am of the opinion that we need among our standards 
committees some “inter-technical” body which will endeavor to 
oversee the naming of new developments in different branches of 
science and thus prevent such overlapping as I have cited, 
without the formality of having terms registered in the Patent 
Office. 

H. M. Turner: Professor Bedell explained how it is possiMe 
by means of a distributor to observe on the screen of the cathode- 
ray oscillograph several curves at the same time. I have ob¬ 
tained a similar result with considerable success by using a 
device called the transient visualizer which -was described in the 
A. I. E. E. Journal of June, 1924, which permits photographic 
records to be made of certain types of phenomena as well as 
visual observations on the. cathode-ray oscillograph. 

By means of the transient visualizer associated with the 
General Electric oscillograph we have taken as many as twelve 
separate exposures on a single film which makes it convenient 
for comparing curves taken under different conditions. 

F. Bedell: I wish to express my keen appreciation of the 
wonderful work done by Mr. McEachron and others in this 
country and by various workers in Europe in devefoping so 
successfully that type of cathode-ray oscillograph wherein a 
photographic plate is placed inside the cathode tube, so that the 
cathode rays impinge directly upon it. I admire the skill and # 
patience of those who have done this work. In the hands of an 
expert, if expenditure of time and money be neglected, certain 
results can be thus obtained that can be obtained in ner other 
way. Our object, however, has been to develop a simple in¬ 
strument, fool-proof and portable, useful even for the man in 
the street with limited time and limited money, who wishes an 
instrument he can take where he will, as be would a voltmeter, 
observe the wave-form and get immediate results. He wants 
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, the results theu and there, and does not want to wait until 
next week. . , w ith the desirability of uniformity 

the name is oscillations has already 

points out, an mstrumen ,, th more rea son for retaining 
been termedl an o^Uoseope^U^he morn^ on a 

the name when a new m > rformi]1 g this function. 

.S. d«»bi» y 

ing several curves simultaneously. 


empirical analysis of complex electric 

(Horton) 

Pittsfield, Mass., May 25, 1927 f , 

1\I F Bonn* The last method described in Mr. ojicons 
N* E. xjohh- . i ±i v -nrpfprs involves tlie /.seof a 

paper and the one which ee * e ’ ]\r ow a sine-wave 

sine-wave oscillator of f req ueney may be varied over a 

;Kf".™rdr^tom* e-ato o tU ,.po ri .yo. 
the wave form? . „,„.,i.rnto bv Mr. Horton, 

A ““i 1 ,°'X°to£ n on.tofS“oabove w^demrlbed 

S a SUom breach publication "“fcywua 

* ?ssr ^Zt-STS 2222 ^ 

passed through th sought. The deflection of the 

the current whose wave form S & direct measure 0 f the 

dynamometer at um|P h rmoni since the instrument will 

to that component of the complex wave the fre- 
respond only t freauency of the current passing 

■»“ 1 
through the n- Horton whether it received con- 

"la H. opinion, it ..tod be toed a. aadio 

° r earner frequenm ^ ^ question concerns the purity ofwave 
,*. 7hT oscillator I presume this refers to the oscillator 

glssSssSsSS 

m this osci eent of th0 fim damental, the only error 

aggrega e, y> ^ currea t used in the substitution method as 

mined by other measurements and a correction applied to tak 
account of their presence. 

In the actual oscillator used, the total amount of harmonics 
under normal conditions, that is, the square root of the sum of the 
souares of all components other than the fundamental, is less 
than 4 per cent of the total amplitude of the current as measured 
by a thermocouple. If the measurements demand that grater 
purity be obtained it is generally most economical to do it by 
using^a low-pass filter in the output of the oscillator. There ha 
c been provided for certain measurements a series of such low-p 
filters the cut-off of one filter being approximately twice thecut- 
,« n f'the other. With any filter of the series it is possible to 
obtain a current free from harmonies over the frequency range 
extending from just above one-half the cut-off frequency o ]us 
below the cut-off frequency. The several filters are so chosen 
that these ranges overlap. , 

1. A. I. E.E. Journal, May, 1927, p. 487. 


The second .question refer, to tt. dytoto.mc.er metb od tor 

"S “bS U ‘KoTwC»tle itoow ot it I should 
possibly be 

° 0 *Sl 7 tte taSS“‘ompo».»« i» tta circuit. I .botod 
0 0001 ol. e . vv t be very accurate m cases where 

dynamometer become effective. 


SENSITIVITY CHARACTERISTICS OF A LOW-FRE- 
SENSITIV quency bridge NETWORK 1 

(Edwards and Herrington) 

Pittsfield, Mass., May 25, 1927 
I M Stein: It seems to me that the method and apparatus 
dc^td —ili.lt ». ttong., w thetad»; — 
the- tvne of detector nsed permit of a great precision oi 
baLS that is, the quantity being measured may be measured 
precisely enough to give th<* accuracy desiredmMcato^the 

open circuit. Then, ^avmg a aJt^ ao b. long cable 
-rvrpcision we have two options, une is to ° 

bv uutting 'opens” at certain k*own places and making measure- 
nmnts^the other is to get rid of the non-linear characteristic so 

th Tr*^ *** ^ 

desired result has been accomplished by lowering the frequency 
enough to give a linear relation between the measured quantity 

and the length of cable to the open. # 

So that there are two steps. First, a precision of setting en¬ 
abling an accurate measurement of the capacitance; and second, 
the use of a frequency low enough to eliminate certain error , 
thus obtaining a linear relation between capacitance and distance. 

T should like to ask if I have a correct understanding of the. 

matter^ KendaUs Tbe nee d for the development of this modi¬ 
fication of Wheatstone-bridge methods arose in connection with 
the Lge growth of toll-cable plant wjtbin the last few years 
The convenient distance between cable-testmg*stations is. 
by the use of telephone repeaters at about a 50-mi. spacing 
and it was therefore desirable to be able to locate opens m the 
cable conductors over distances of this order. Because of the 
difficulty in getting access to the individual wires along the cable 
it was important that the location of the fault be as accurate as 

P °The e terminal impedance as measured between a defective 
(open) wire and ground is a hyperbolic function of the distance 
from the measuring point to the broken end of the defective m 
In this method, the testing frequency is so chosen as to make this 
relation approach a reciprocal function so that the capacity 
measured is directly proportional to the distance. This* choice 
is a matter of convefiience in testing. It would be possible to 
use a higher frequency and then by means of tables of hyperbolic 
functions to determine the distance to the break. In the paper 
the deviation of the measured capacity from direct proportion¬ 
ality with the distance is spoken of as an error This is, o 
course, an error which would be made if a higher frequency were 
used for the measurement and it were then assumed tha 
measured capacity and the distance were in direct proportiom 
Bv using so low a measuring frequency the error that would thus 

be incurred is made negligible and the measuring technique is 

^The ot^Mtahle feature of this paper is the use of bridge and 
galvanometer currents of different phases for determining the 
settings of the two adjustable resistances of the bridge. It should 

1 . A. I. E. E. Journal, May 1927, p. 487. 
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be understood that the balance ibo obtained is correct for any 
phase of measuring current and that this method is applied simply 
to obtain a larger deflection of the galvanometer for a, given 
unbalance of the bridge, thereby facilitating the measurement. 
This method was developed for measuring opens in cable circuits, 
■which have certain definite and uniform characteristics, and I 
would like to ask Mr. Edwards or Mr. Herrington what ex¬ 
perience they have ha4 with the use of the same apparatus- in 
locating faults in open wire in which the impedances would have 
different characteristics from those of cable circuits. 

This paper shows what can be accomplished in the develop¬ 
ment of a special bridge method for readily making testsx>f cir¬ 
cuits which are uniform in character. At other frequencies and 
in other arts where a large number of quantities which differ little 
among themselves are to be measured, the exercise of equal skill 
and ingenuity can develop methods to simplify and expedite the 
determinations. 

S. P. Shackelton: An important phase of the work of an 
engineer involves the application to practical everyday problems 
of the results of pure scientific investigation and research. The 
contribution of Edwards and Herrington constitutes such a 
practical application to a problem^which has been studied for 
many years. It occupied the min<|f of communication engineers 
before the advejwfciDf the telephone. The particular arrangements 
described do not disclose any new principles but rather represent 
the utilization of known characteristics of lines and networks to a 
useful purpose. 

The bridge network used was described in 1891. An approxi¬ 
mate utilization of transmission-line low-frequency characteris¬ 
tics has been in common use for open locations. Alternating- 
current galvanometers have been well known although their use 
as detectors in the balancing of bridge circuits has not been so 
common. The shifting of the phase in the bridge to assist in 
obtaining a balance had been treated prior to the work under 
discussion. The present work however, affords a convenient 
tool for the field man whether he be technical or not, to apply 
technical methods to his common problems of plant maintenance. 

Specifically, the problem was one of adapting the technical 
methods to i&ther trying limitations imposed by plant con¬ 
ditions. A low-frequency measurement was desired with positive 
indications of balance and with a m inim-nm adjustment of 
variables. A method was required which would afford a rather 
high degree pf accuracy considering the precision of the apparatus 
and the possible errors outside the control of the operator. All 
this was combined in space limitations which necessitated rather 
careful detail design. 

The authors have not specified any requirements as to wave 
shape although stressing the phase relations required in the 
different portions of the bridge network. The effect of phase 
angle on balance is noted and, of course, for any given length of 
line and frequency there is a best value of phase shift. It may 
be interesting to know the relative importance of this and its 
effect on other lengths of line. 

C. R. Fischle: There is one phase of the subject presented 
by Messrs. Herrington and Edwards that i£ would seem warrants 
discussion, and that is the means employed to apply the principles 
brought out in the paper to practical telephone work. 

In order to facilitate the application of these principles by the 
test-board forces, the Bell System has established routines out- 
lining in a simple and orderly manner the procedures to be 
followed in determining the location of cable faults in toll cables. 
The engineering forces, as a rule, prepare in advance for each 
testing point, data such as temperature-correction curves and 
records giving information as to cable distances, loading, gage of 
conductors, cable make-up, etc., for the cables to be tested from 
the respective points. Work sheets are supplied to the test-board 
men on which the results of the electrical tests made at the time 
of a fault location are entered, together with values selected from 
the data mentioned above. By following the sequence of cal¬ 


culations set up on this work sheet, the fault location is quickly 
arrived at. These calculations are of a simple order and do not 
involve hyperbolics. # 

** By administering the work in this manner the test-board men 
can expeditiously arrive at accurate fault locations, thus 
materially aiding in the dispatch of repaid forces to the fault and 
in securing the restoration of defective circuits in the least 
possible time. 

P. G. Edwards: One question which has arisen in connection 
with the low-frequency bridge is that of wave form. A square 
ww^P is used with results agreeing very closely with theoretical 
values based on calculations involving a sinusoidal wave shape. 
This is made possible by the fact that the bridge network em¬ 
ployed is symmetrical. With a square wave and a network 
involving both inductance and capacitance sinusoidal methods of 
treatment probably would not be applicable. 

A ^question, has been brought up by Mr. Kendall—that of 
error,\ with frequencies other than 4 cycles. In earlier designs 
higher^requencies were hsed and a family of correction curves 
was plotted for each class of conductors, from which a correction 
was read for each capacitance ratio. This correction in per cent 
when applied to the capacitance ratio gave the true length ratio. 
On toll cables of average length and with a frequency of 8 cycles 
this correction reached values as high as 1 per cent. * 

In connection with the subject of correction curves, the 
question has arisen as to the practicability of plotting curves for 
individual conductors or classes of conductors. Mr. Stein’s 
analysis of the situation in this respect is quite correct. Due to 
the large number of circuits involved, as well as classes of circuits, 
the number^ of combinations possible renders this procedure 
quite unwieldy ^and expensive. The problem has been treated 
rather by means of fundamental design. As pointed out by 
Fischle records of actual measurements, however, are filed and 
are accessible to the tester. 

In regard to phase adjustment, as has been brought out in the 
paper, there is an optimum phase adjustment for each measure¬ 
ment. In the apparatus as outlined an adjustment has been 
selected which gives a desirable set of sensitivity characteristics 
for the type of work for which the apparatus was designed. The 
equipment arrangements are such that the phase relation of 
bridge potential and field potential can be* adjusted where 
desirable. This is not’ done, however, in the normal routine 
of locating opens. 

Mr. Kendall has brought up the question of open-wire impe¬ 
dances. The equipment as outlined has been tried out on exposed 
aerial lines with success. The chief departure from the problem 
of locating opens in cables is the presence of a leakance com¬ 
ponent in the line impedance. Toll cables are almost entirely 
free from this characteristic. This leakance component happily 
involves no modification in design, but is observed in the balanc¬ 
ing of the bridge as an increase in the value of the resistance 
component of the condenser arm of the bridge and does not, over 
a considerable range of leakance, affect the ratio-arm setting, 
or in consequence, the actual fault location. 


MECHANICAL FORCES IN TRANSFORMERS 1 

(Clem) 

Pittsfield, Mass., May 25, 1927 * 

W. S. Moody: The problem of taking care of mechanical 
forces in transformers became a really difficult one for the 
practical designing engineer some fifteen or twenty years ago. 
Previous to that, the power available in ease of a short circuit 
and the size of transformers were not sufficient to require much 
more than good judgment on the part of the engineer to provide 
the necessary mechanical support. But with the increasejin 
size, and more particularly with the increase in the available 
power, the necessity of accurate calculation of these forces 

1. A. I. E. E. Journal, August, 1927, p. 814, 
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absolute formula being 1086.55. Using Gray’s formula directly 
the result is 1092.3, and to obtain an accuracy equal to Clem’s 
it is necessary to subdivide the coils and to sum the results for 
the different pairs of sections. 

Although Clem’s derivation is for the ease where the coils are 
separated axially, it applies also to the case of overlapping coils. 
For the important case where the coils are concentric, only two 
main terms have to be*calculated instead of four. For this case 
Clem’s formula compares very well with the accurate formula of 
Searle and Airey, {Lon. Electrician, 56, p. 318, 1905, or (43) 
Sci. Paper Bur. of Stand.) which is the special form taken by 
Gray’s general formula for the concentric case. 

One precaution in using Clem’s formula should be mentioned. 
When the coils are far apart, the main terms (n + u) — (r% + r$) 
give the result as the relatively small difference of two larger 
numbers. However, these quantities may readily be calculated 
by a calculating machine to a sufficient number of places. 
Another obvious method is to expand them in series, but this is 
advantageous only for very distant coils. 


results. If possible, it is best to discharge the cable between each, 


^ I should like to ask Mr. Kasson what method of measuring he 
used in determining his a-c. losses. 


HIGH-VOLTAGE MEASUREMENTS ON CABLES AND 
INSULATORS 

lg - (Kassc&t) 

Pittsfield, Mass., May 27, 1927 
W. B. Kouwenhoven: I am* very glad that Mr. Kasson has 
pointed out again the necessity of using shields and guards in 
making high-voltage measurements on cables. I pointed out 
at the Mid-Winter Convention of 1926 that unless shields and 
guards are employed the results may be widely in error. 

It is not only important to shield specimens properly from all 
electrostatic fields but in case of the a-c. measurements of loss, 
it is also necessary that the voltage of a shield be the same as the 
voltage of the conductor it protects. It is therefore essential to. 
place in series between the shield and ground an impedance that 
is the same as the impedance, of the measuring instrument used. 
Unless this is done the difference in potential between the shield 
and its shielded conductor will cause an error in results. This 
point, I am affaid, is often overlooked. 

Mr. Kasson’s curves in Fig. 3, showing the effect of tem¬ 
perature on d-c. insulation resistance, 'do not conform with the 
law that we have found for some of our cable samples. This law 

X „ ~ XT. — X il. „ 1_ :xl _ _ £» ll _'_3_x “ *X„ ■ __ 1 x~ -- 


• states that the logarithm of the' conductivity is equal to a con¬ 
stant divided by the temperature, plus another constant. 
When the logarithm of the conductivity is plotted against the 
temperature the curve is a straight line, although, some of our 
specimens give this straight line relation, there are others that 
are exceptions to the rule. 

There is one other point which I would like to mention in 
regard to Mr. Kasson’s work and that is his method of pro¬ 
cedure. The time of charge must be considerable to obtain 
accurately the conductivity of specimens. It may take several 
hours before the final leakage current is reached, owing to the 
presence of the absorbed charge, and unless the test is continued 
over a long period of time you cannot be sure that the current 
measured is actually the final leakage current, corresponding to 
the conductivity of the sample. 

One method that we have used at Johns Hopkins in this work, 
and which will shorten the time somewhat, is to take a charging 
run for about 45 min. and then immediately throw the cable in 
discharge and measure the absorbed charge coming out for the 
same period of time. The difference between these two curves 
represents the final leakage current. 

Another difficulty that arises when measuring the conduc¬ 
tivity or leakage current at several different voltages is the super¬ 
position of the curves. If, for example, you apply 5000 volts for 
a certain length of time and take a reading of the conductivity, 
and then raise the voltage to 10,000 volts the second curve is 
superimposed on top of the first and you cannot be sure of the 


If, as pointed out by Mr. Kasson, it is possible to tell from the 
shape of the d-c. resistance curve plotted between resistance and 
voltage whether a cable is getting old and deteriorating, or 
whether it is in good condition, we have a very important aid 
with which the operating companies can determine the condition 
Of t^eir cables. We have been endeavoring to determine some 
such relation in our research work at Johns Hopkins but to 0&te 
have not been able to find any definite relation. 

Herman Halperin (by telegram): In Mr. Kasson’s paper. 
Fig. 1, shows, for cable with 7/16 in. insulation to sheath, » 
the maximum insulation resistance occurs at 13 kv., which 
using the d-c. to a-c. ratio of 2.4 corresponds to' about 5-kv. a-c. 
ThiA indicates electrical action in the cable at a potential 
of o^Jy about half the> operating voltage of this old cable. 
A-c. ionization tests made on several samples of old 12 - 
kv. three conductor cables, removed from the system of the 
Commonwealth Edison Company have shown practically flat 
power-factor voltage characteristics up to 10- or 15-kv. three- 
phase. As the insulation on these cables was considerably less 
than on Mr. Kasson’s cable, the stresses at which ionization took 
place in our cables would be approximately three times as much 
as the stress at which a change occurred in his d-e. tests. Perhaps 
by means of these tests he has discovered a new characteristic 
of the insulation in connection with the effect of shielding. 
In Fig. 8 he show's a metal box around the entire reel of cable. 

If the shielding is to take care of ionization near the end of the 
cable, I am woiidering whether a metal box over each end of the 
length of cable would not be sufficient. Referring to the para¬ 
graph regarding the nonuniformity of cables, our testing has 
shown that cables with poor quality of insulation are liable to be 
more irregular in their quality than the cables of high quality 
which checks Mr. Kasson’s statement. For instance poor cables 
would develop several hot shots in accelerated life tests and fail in 
rather short times. In some accelerated life tests at 2.5 rated 
voltage we took several 50-ft. samples from various sections of 
one make of a given size of high-tension cable which was giving 
trouble in service and -shown to be irregular in factory tests. 
One sample failed, after a total of 26 hr., while another sample 
developed hot spots without failure after 405 hr. and a third- 
sample withstood the test for 596 hours without any failure ®r 
hotspots. 

S. J. Roschs Several theories have been brought forward in 
explanation of dielectric phenomena, and I believe that the 
^probabilities are that each theory may be correct as relating to the 
behavior of the particular dielectric under consideration. Our 
error in the past has been chiefly, in trying to make one theory 
or ond set of laws govern the behavior of all dielectrics. That 
is why we have failed up to th® present in solving the dielectric 
problem and in my estimation if we commence to study each 
dielectric individually, we shall come nearer to obtaining a truer 
picture of the laws governing its behavior. 

Even in a general dielectric such as a paper cable, £hr* 
Kouwenhoven brought out the point that he has only been able 
to substantiate some of the results obtained by Mr. Kasson on 
some samples of cable, but not on others. Undoubtedly the 
observations made by Dr. Kouwenhoven that were not in 
accordance with those by Mr. Kasson, were made on samples of 
cable which although equally good as far as quality was con¬ 
cerned, nevertheless as dielectrics possessed characteristics 
obeying entirely different laws. We must establish the accuracy 
of this fact before we can hope to go further in solving the laws of 

dielectrics. . . ., 

Mr. Halperin in his discussion, has stated that if we took the 
results of d-c. measurements as established by Mr. Kasson and 
converted them to the equivalent a-c. voltage, by using as a 
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SPARKING IN AIR r. but that the losses for each current are independent of the 

(Sah) * other with the implication that it might be possible to take 

Pittsfield, Mass, May 27, 1927 ^ " ^jklvanatage of this fact and increase the capacity of conductors 

W. B. Kouwenhoven : In Mr. Sah’s paper I find no reference mr transmission of power. 


to the effect of humidity. At the Johns Hopkins University we 
have been conducting an elaborate research upon the effect of 
humidity on the corona-forming voltage; this research is being 
carried out under our ejection at the Bureau of Standards at 
Washington. 

A few weeks ago I received a letter from E. S. Lee of the 
General Electric Company, saying that he had found that 
humidity affected his air condenser, and during the same week 
we obtained our first definite information that this was actually 
the case. The presence of humidity in the air has an effect on 
thq corona-forming voltage. On perfectly clean surfaces the 
presence of moisture in the atmosphere raises the corona-forming 
voltage slightly, the maximum increase we have found is of the 
order of 1.2 per cent. In order to detect this effect it was 
necessary to refine cjur method of measuring and check every¬ 
thing very carefully. At the Bureau of Standards in the re- 
1 search to which I referred a moment ago, they are measuring 
the wave shape of the voltage directly in the high-voltage side 
of the circuit and have taken ev&ry precaution to insure accu¬ 
racy. I feel thafflheir results are accurate to at least one part of 
a 1000, if not better. 

We have found also that huriftdity causes a lowering of the 
voltage when a corona forms on dirty or dusty surfaces. This 
lowering of the corona-forming voltage may amount to 5 per 
cent. In future work with the spark-gap it may be necessary to 
use correction tables for correcting for the amount of humidity 
• in the air at the time of the test. 

A. P. T. Sahs The influence of humidity on sparking voltages 
has been raised. Our experiments show that it is very small. 
It is true that humidity has a very pronounced effect on the 
sparking voltages when corona precedes a spark-over, for in¬ 
stance in the case of the n<3edle gap. But for spherical and 
cylindrical electrodes, spaced at less than twice the radius of 
the smaller e]|ctrode, corona does not precede a spark-over. 
Thus in such cases the effect of humidity is negligible as our 
experiments show. 

-^- 

NON -tfARMONIC ALTERNATING CURRENTS 

(Bedell) 

Pittsfield, Mass., May 27, 1927 . 

A. Boyajian: Professor Bedell is a pioneer in the theory of 
alternating currents, and his early book is still a classic on the 
subject. A few years ago I listened with great fascination to 
Professor Bedell narrating his early experiences in the fundamen¬ 
tal theory of alternating currents. He said in the course of his 
narrative that when he analyzed the flow of currents in condens¬ 
ers, resistances and inductances due to sine-wave voltage, his 
mathematical analysis showed him that the current of the con¬ 
denser should be 90 deg. ahead of the voltage, the current of the 
inductors 90 deg. behind, and in a resistance in phase with the 
voltage. Up to that time nobody knew anything about phase 
■ relationship and this was very puzzling. It was peculiar how in 
a condenser you could get current ahead of voltage, like having an 
effect precede the cause instead of following the cause. They 
made some tests, plotted oscillograms, verified the mathematical 
analysis and everybody was happy. 

What he had done at that time for sine-wave voltages he has 
later done for non-harmonic voltages, and his paper puts together 
a lot of developments since that time. 

One feature, or one problem, discussed in his paper which in¬ 
terested me a great deal was the subject of losses due to mixed 
frequencies. He emphasizes very strongly the fact that if we 
* have two currents of different frequencies, the losses do not 
correspond to the square of the arithmetic sum of the currents, 


A few years ago I had occasion to examine the possibility of 
increasing the transmission capacity of a lihe by the superposition 
of different frequencies, and I was sorry to ^ome to the con¬ 
clusion that such a thing was impossible. For given kilowatts 
to be transmitted at a given r. m. s. voltage, the J 2 R line losses 
are t^Le same regardless of whether this is done at a single fre-, 
quency or mixed frequencies. The truth of this statement may 
be more easily seen*considering the fact that £ ‘mixed frequencies 5 * 
is another name for a distorted voltage. Is there any funda” 
mental copper economy in transmitting power at a distorted 
voltage instead of sine-wave voltage? In any scheme of super¬ 
posed frequencies, it will be found that any 1 2 R loss economy is 
due tjo raising the r. m. s. voltage of the lines. 

Thinly fundamental benefit to be gained by the use of mixed 
frequencies for transmission ^appears to be one of convenience. 
In some cases the advantage in convenience may be so great as to 
lead indirectly to an economy in copper. For instance, if one 
can transmit 40 telephone conversations over the same pair of 
wires simultaneously, instead of over 40 separate pairs of wires, 
there would be a distinct economy in copper. But this is not due 
to a fundamentally lower I 2 R loss, but due to increased trans¬ 
mission voltage and more effective utilization of the circuit. 
If one telephone message were to stress the line insulation to its 
limit, it would be impossible to superpose 40 messages; but 
telephone voltages are very small, and insulation stress is not the 
limiting feature. 

Frederick Bedells As Mr. Boyajian has clearly pointed 
out, there is no copper economy in the joint transmission of 
currents of different frequencies when the two eurt*ents supply a 
common receiver. There may, however, be a saving in certain 
cases, as discussed in references 16-22, when the two currents, 
transmitted jointly, supply separate receivers. 

A THEORY OF IMPERFECT SOLID DIELECTRICS 

(M. G-. Malti) 

, Pittsfield, Mass., May 27, 19^7 

S. J. Roschs In considering the total loss in a dielectric, 
Mr. Malti claims to have been able to separate that particular 
loss due to hysteresis and he gives an expression Wh = IF<z - 7 2 ■§« 
In justification of this expression he states that as the frequency 
of the test voltage is increased, the loss per cycle decreases until 
some value of frequency is reached after which the loss per cycle 
remains a constant. 

In order to accept this equation, we must assume that the loss 
due to hysteresis is constant at the lower frequencies. That is, 
something we have not as yet been able to substantiate and until 
its accuracy has been deduced aas the result of experimental work 
in connection with different dielectrics, I would counsel caution 
in the acceptance of this expression. 

Nevertheless, as a working hypothesis, the point is well taken 
and it would certainly be a worth-while fact for some of the 
research engineers to establish as a step toward the better under¬ 
standing of the behavior of an imperfect solid dieleetri^ 

E. S. Lees The mechanism of dielectric breakdown is still 
unknown to us. Mr. Malti suggests the occurrence of certain 
internal phenomena in the dielectric to account for external 
phenomena as observed. While these internal conceptions may 
possibly be helpful, he does not make it clear how they may be 
made useful for prediction of phenomena not as yet observed. 
If this? might be done,'his work would have greater value. 

Mr. Malti .indicates the absence of crucial research on the phe¬ 
nomenon of breakdown. This is the dielectric property of great¬ 
est interest. There surely ought to be recognition of the large 
amount of work of high caliber which has been carried on and 
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M. G. Maltis In answer to Mr. Halperin’s telbgram and to 
the various speakers as to my attitude on the pyroelectric the¬ 
ory of breakdown, I would like to refer to the following state¬ 
ment on the tenth page of my paper: 

“Undoubtedly, for very prolonged potential application, the 
phenomenon of heat does exert an effect on the rupturing voltage 
by raising the temperature of the sample. However, a theory 
built wholly on this effect is of necessity erroneous.” 

Again, referring to the appendix (Column T) it will be noted 
that I am aware of at least seven references which confirm the 
view that the dielectric strength decreases with an increase in 
temperature. The question is really much deeper than would 
appear. It is this: For very short time of potential application 
is heat the result or the cause of breakdown? My answer is that 
for short time intervals heat is both a result and one of the 
weakest contributing factors of breakdown. 

The reason I assert that heat is a result, in the case of instan¬ 
taneous breakdowns^ is that the phenomenon of breakdown is 
nothing more than the tearing up of the electrons from their 
orbits. The energy dissipated due to the consequent electronic 
oscillations, vibrations and friction* appears in the sample as 
heat. ^ 

Answering MT^Lee, I fully recognize the large amount of 
work of high caliber which has been carried on and published 
relative to dielectric breakdown. However, I beg to repeat that 
none of it appears to be crucial. If he finds opportunity to do 
some research I would suggest the following: take a group of 
samples of the same insulation all of the same thickness and all 
made by the same process of manufacture and as uniform in 
quality as can be had. Let these samples be tested under the 
following conditions: 

1. Continuous potential (time of potential application S i 
seconds, breakdown potential applied in one step). 

a. Flat plates of the same material (plates not touching 
the insulation), 

b. Flat plates of the same material (plates touching the 
insulation^ 

c. Flat plates of the same material (plate forming intimate 
contact with insulation), 

d. Increase and ddbrease size of plates and repeat tests 

a, b, c, ^ 

e. Use* spheres of varying diameters and repeat tests 
a, b, c, 

f. Use needle points and repeat tests a, b, c, 

g. Use a, b, c, d, e, and f in various combinations, 

h. Change material of plates and repeat tests a to g, 

i. Use plates of two different materials under various 
combinations and repeat tests a to g, 

j. Repeat tests a to i with various sources of continuous 
potential (e. g. y kenetron tube, d-e. generators, induction 
machines, etc.). 

2. Alternating potentials (time of potential application Si, 
seconds, full potential applied in one step): Repeat all tests 
listed for continuous potentials with alternating potentials of 
pure Sine waves or of waves whose form is definitely known. 
Use ranges of frequency varying from 1 cycle per sec. to as high 
as laboratory facilities permit. 

3. Repeat tests 1 and 2 for a breakdown of S 2 , Sz - . - S n * 
seconds. 

4. Repeat tests 1, 2, and 3 with potential gradually increased 
to breakdown. This series of tests should be made under the 
same conditions of temperature, humidity, etc. 

f>. Change the thickness of the dielectric and repeat tests 1 to 4. 

6. Change’ the temperature of the sample and repeat tests 
1 to 4 for various thicknesses. 

7. This suggested research should give some crucial results as 
regards only that one material. Therefore, repeat it for other 
materials. 


8. Give a very detailed description of the physical and chemical 
properties of the samples used. # 

^1 know of no published work that has strictly followed this 
procedure. If this research can be made with the required 
material and high-class labor, the results will shed a blight light 
on the mechanism of breakdown. 

I do not know that phenomena Mr. Lee refers to when he says 
“prediction of phenomena not yet observed.” Each of the 
phenomena mentioned in my paper is sin entity. They are all 
well known and have been observed for ages. 

Mr. Rosch takes exception to my definition of hysteresis loss 
appearing in Eqs. (37a) and 37b) on the ground that, these 
expressions would be correct if, and only if, the hysteresis loss 
remained constant at various frequencies. He further suggests 
that some research engineers should establish this fact. 

Unfortunately both hysteresis and viscosity are so intimately 
connected together that they cannot be experimentally separated. 
In ordEoc to affect their separation we have to discover a dielectric 
that possesses one but not the*other property. Paraffin ozokerite 
closely approaches this ideal. It would be indeed well worth 
while if an experimental research engineer would establish or 
refute my equations. I wish to thank Mr. Rosch for this 
suggestion. 

Mr. Clark seems to infer, from the simile I give between the 
electrons and a crowd in a theater, that I endow the electrons with, 
a degree of mentality. This simile is drawn only to help one’s 
imagination as to what goes on when a potential is impressed on 
a dielectric. He cannot see how, if all the electrons are of the 
same nature,^ome of them can be viscous, others elastic and still 
others free. I beg to refer him to part I section B of my paper 
and to state tha?t the terminology used there might help him. 

I refer there to these electrons as free elastically bound and 
viscously bound . 

According to the modern electron theory of matter electrons 
are assumed to revolve in orbits of various diameters and various 
eccentricities about the proton. The picture is similar to our 
solar, system with the proton corresponding to the sum and the 
electrons corresponding to the various planets. 

9i 22 

Now from the fundamental laws of electrostatics, F = - 

r 2 

where qi and g% correspond to the charges on the proton and the 
electron and r to the distance and F, is the force of attraction 
between the electron and proton 2 . # 

It can be easily seen from this equation that the greater the 
distance between an electron and a proton, the less the force 
of Attraction. Therefore, we may introduce, on this basis, the 
following definitions of the three types of electrons: 1. Free 
electrons are those which lie in the outermost orbit or orbits, 

2. Viscously bound electrons are those lying in orbits nearer 
to the proton than those of the fgee electrons, and 

3. Elastically bound electrons are those which occupy the 
innermost orbits. 

Mr. Clark refers to the old Maxwellian conception of molec¬ 
ular moments. However, in the light of modern developmeu^s 
the old Maxwellian views are known and have been proven to 
be very crude and incorrect. Q 

In regard to fatigue with d-c. potential Mr. Clark would 
probably be interested in the experiments of Professor Langsdorf 
and others. They have found fatigue. I shall be glad to supply 
a complete bibliography on the subject of fatigue which will 
not only be of interest to him but will probably suggest different 
modes of procedure from those he has been following in an effort 
to determine insulation fatigue. 

As to the cause of insulation failure, I beg to refer Mr. Clark to 
my answer of Mr. Halperin’s and Mr. Lee’s discussions. 

2. This definition is known not to be true for atomic structure but it 
is'approximately true to illustrate my point. 
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Convention, September 13. , j r 

Inspection trips will be made to many of tbe plants and lines 
in this part of the state, including a visit to the Ryan High- Morn e 
Voltage Laboratory at Stanford University. ' * 

A convention banquet will be held on Thursday evening, 2.00 p. m 
September 15, at which there will be a number of interesting ^.OOp^r 
addresses. 


Ah arrangements have been made ror me c 
Pacific Coast Convention of the Institute which 
Del Monte, Calif., i . 

Hotel Del Monte. 

A change in the order of the technical sessions 
since the announcement of the Convention was 
the August issue of the Jovrnal. 
in the accompanying progran^ 
afternoon, September 15, for recreation and trips. 

The technical program 
on such subjects as application 
condensers to, transmission 
voltage circuit breakers, carrier- 

power lines, c-„ * 

charge/the sphere-gap v 
and oscillations in transmission 


|K£: ._A __ 

Interior of Ryan High-Tension Laboratory, Stanford 
University 
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Wednesday, September 14 


9:30 a. m. Technical Session. 

Advance Planning of the Telephone Toll Plant, 
J. N. Chamberlain, Pacific Tel. & Tel. Co. 

Tandem System of Handling Toll Calls in and About 
Los Angeles, E. Jacobsen, American Tel. & Tel. 
Co., antf^F. 0. Wheelock, So. California Tele¬ 
phone Co. 

Coupling Capacitors for Carrier-Current Communica¬ 
tion over Power Liifes, T. A. E. Belt, General 
Electric Co. * 

A Carrier-Current Pilot System of Transmission-Line 
Protection, A. S. Fitzgerald, General Electric Co. 

1:30 p. m. Technical Session. 

The Relation between Frequency and Spark-Over 
Voltage in a Sphere-Gap Voltmeter , L. E. Reu- 
kema, University of California. 


Afternoon Recreation, Sports and Trips. 

7:00 p. m. Banquet. 

Friday, September 16 

9:30 a. m. Oscillographic Recording Apparatus for Transmission- 
Line Studies , J. W. Legg, Elec. 

& Mfg. Co. 

High-Voltage Oil Circuit Breakers for Transmission 
* Networks, Roy Wilkins and E. A. Crellin, Pacific 

Gas & Elec. Co. 

Lightning Protection for Oil-Storage Tanks and 
Reservoirs , R. W. Sorensen, J. H. Hamilton 
and C. D. Hayward, California Institute of 
Technology. ' 

Lightning Protection for the Oil Industry , E, R. 
Schaeffer, Johns-Manville, Inc. 

Fridiw afternoon and Saturday—open for recreation and trips. 



• *■: 


ttHUiliii&a 
StSt8§#i!i ' : 


mu 




Eight-Circuit Towers Near 
Lighthipe Substation, South¬ 
ern California Edison Co. 


The Space Charge that Surrounds a Conductor in 
Corona , J. S. Carroll and J. T. Lusignan, jr., 
Stanford University. 

Electric Oscillations in the Double-Circuit Three- 
Phase Transmission Line, Y. Satoh, Stanford 
University. 

8:00 p. m. General Meeting. • 

Address by President Bancroft Gherardi. 

Address by Dr. H. J. Ryan on Phases of Future 
Electrical Development. 

Thursday, September 15 

9:30 a. m. Technical Sessions. * 

Transients Due to Short Circuits, R. J. C. Wood and 
F. L. Hunt, Southern California Edison Co., 
and S. B. Griscom, Westinghouse Elec. & Mfg. Co! 

Equipment for 220-Kv. Systems , J. P. Jollyman, 
Pacific Gas and Elec. Co. 

Static Stability Limits and the Intermediate Condenser 
Station, R. D. Evans and C. F. Wagner, West¬ 
inghouse Elec. & Mfg. Co. 

Synchronous Condensers, P. L. Alger, General Elec¬ 
tric Co. 


New 220,000-Kv. Vincent Transmission 
Line of the Southern California 
Edison Co. 

I' 


Span Over Sacramento River, * 
World’s Longest Span and 
Highest Towers 


The General Convention Committee which is handling this 

meeting consists of P. M. Downing, chairman; D. I. Cone, 

vice-chairman; A. G. Jones, secretary; and the members of the 

following committees as shown: Papers —D. I. Cone, chairman 

S. J. Lisberger, Paul Lebenkaum; Publicity —G. H. Hagar, 

chairman; G. R. Henninger; Entertainment —E. A. Crellin', 

chairman: W. B. Sawyer, A. V. Thompson, W. P. L’Hommedieu,’ 

J. S. Thompson; Registration and Transportation —W. L. Winter, 

chairman; M. S. Barnes, P. B. Garrett, C. P. Benham, A. J.’ 

Swank, B. D. Dexter; Arrangements—W. R. Van Bokkelen, 

chairman; J. hi. Buswell, A. M. Bohnert. 

_____ o. 

Regional Meeting in Chicago 
November 29-30 

A three-day regional meeting is being planned by the Great ' 
Lakes District of the Institute, to be held in Chicago, November 
28, 29 and 30. 

For the technical program of the meeting, it is proposed to 
have papers on such timely subjects as cables, control systems, 
circuit breakers and other topics. 

A definite program has not yet been completed but the October 
issue of the J ournal will contain a more complete announcement 
of the plans. 
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Journal A. I. E. E. 


- , , , . V) \Vtut- cinpneer was electrical engineer for The 

» t “ ssr ssjs? 2 ~ ss? *s 

rrr isss&r ssu *■» ®—«•; c ~'“ y ' 


SSad^aSwEic Specialty Company, Electric Service 

Electric Company, 

n.ounced that Mr. Le y The new name of the concern 

in the former firm of C. E. General Motors 

i. w» * B„i^d, a« ^«> r 

5 Sc"I vS>‘ forsom?jeu.,*nd*el»«“ rship “ 
logical result of their association. 


Obituary 

n- i. h. » 

“ S hIKS. in Edinburgh. Scotland, on Mud. 
30 D 1851 a son of Dr. Edward R. and Margaret McNutt Hum- 
pLys ’ He was brought to this country by Ms parents at the 

^He obtained his first job at the age of 14 A jtort -to 
later he passed the entrance examinations of the Umted States 
Military Academy at West Point, but was rejected as a student 
ivLiiitary T 1070 he became Secretary of the 

myome a^lGreeuvSe Gas Light Company. Hft ability was 
so conspicuous that he was promoted soon t<? supenntenden , 
though he was without technical training. ^ + 

a <fthe age of 26 he entered Stevens Institute as a student, 

. , .. u; s employers permission to stay at the 

he worked at nig ht w 
mS , 1 U " ,, i st t i me Four years later he was graduated and 

s:: s 

Sy! & Glasgow of New York and London, to which he deyoted 
himself until 1908, when he retired from the London bran • 
£ 1910 he reorganized the New York office as Humphreys & 

M Sespi I te C his heayy personal work Dr Humphreys adapted ^ 
presidency of Stevens Institute and of its Board of Trustees in 
Ltember 1902, at the urging of trustees, Faculty and students. 

The success which had come to him professional followed him 
as heal of Stevens. Under his administration the institution 

Hu^pMe^TwiT Fellow of the American Institute of 
Electrical Engineers and was a former president of the American 
Institute of Consulting Engineers, the American Society of 
Mechanical Engineers, the American Gas Institute, the Canadian 
Society of New York, the American Gas Light Association, the 
Engineers’ Club aud the St. Andrews Society and was a member 
5 the United Engineering Society, the National Society for the 
Promotion of Industrial Education, the American Association 
tar the Advancement of Science, the British Association for the 
» o *_^ ftrkftiobv for the Promotion or 


important branch of the u. u. a- => ~ — 

had been with The United Gas Improvement Company for 27 

7 Mr. Spencer was horn in East Orange N. J. March 19 1S6* 
the son of George Gilman and Caroline .(Arnold) Spencer He 
was graduated from Yale in 1887 with*the degree of A. B. and 
rmftevens Institute of Technology in 1891 with the degree <J 

M E- MrTiT'u.vSyMts.Sp.U, 

ISSSSi A ,S2~ Spencer of Pb—Pbi. - 
Mrs. Archibald G. Robertson of Rmhmond V^ Engineering 

MI . ■“sv. 

StWpThkctric Manufacturing Company, 
from 1894 until 1897. He was general superintendent 
People’s Light & Power Co., Newark, N. J., from 1897 unt 
Soo I when he became connected with The United Gas Improve¬ 
ment Company as electrical engineer. ^ , p nn _ 

He served in 1916 as an associate member of the Naval Con 
suiting Board in connection ^ith the preparation of a * 
of the industrial resources of the country, bei^one of the state 

^Mr^ptn^Sd ffiTSstitute in 1897 as an Associate and 
in 1912 was transferred to Grade of Fellow He 
numerous committees of the Institute and also as Manager from 
1906 1909 and Vice-President in 1919. He was a member o^ he 
National Electric Light Association, of wMch he had been 
manager- Illuminating Engineering Society and Franklin In 
tote He was a member of the Delta Kappa Epsilon Fraternity. 
Among his'nlubs were: Engineers, (Phila.); University, (Phila.), 
Sri -M. Engineering, (New York); Merton Crteke. 

and Graduate (New Haven). j 

r „„„„„n„„„.........““.*..... 


August 3. 


i Past Section and Branch Meetings j 

I v ... 

. wnnmivTr' C 

PAST SECTION MEETINGS 
Cleveland * 

Inspection trip to Ohio Bell Telephone Company. 

Attendaifje 220. • 

Rochester 

A. C. S. May 6. Attendance 390. 

Toledo 

Annual Picnic. July 16. Attendance 250. 

Vancouver 


PAST BRANCH MEETINGS 

Lewis Institute . 

■Rusiness Meeting. The fohowing officers were elected: Presi- 
B dtnt, L. F. Masonick; Secretary-Treasurer, G. M. Berg. 
June 17. , 

-r=n”£= Prof. , D. bSSSV’F 

Metallurgical Engineers, the American Society of Civil Engin , 

^St.rcivil Engineers of Great Britain, the Lotus 


rtSfrS^^^^itain, the Lotus 
Club Se CeMi^y Club, the Lawyers’ Club, the Union League 
Club’ the University Club and the Church Club of New York. 

»d * toghtOriMr,. H«ry S. M, bun. 

T Pard’s^Mmer, widriy known expert in the electric bgbt mid 
po^ind'^ died Aug. 9tb .. hie home, 2125 Cyprme St., 


• d 1 ct*xAHth^the'General'Electric Co. Arrangements for the 
Stucfent Com^ntion to be held in Chicago in November were 
discussed Cd passed upon. The following officers were 
elected' Chairman, Joseph HavUck; Vice-Chairman V C. 

Nye; Secretary, H. F. Brundage; Treasurer, Joseph Caeciola. 
July’12. Attendance 12. 


University of Pennsylvania 

tary,' ^RTWMren, jr.; Treasurer, R. S. Palmer. May 6 . 
Attendance 44. 






Sept. 1927 

j f ""* "*" ' * ” 1 * 1 1 ' 1 "”" 1 ...—.. 
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Engineering Societies Library 

. 






... . mt 

wwimiMWMnmmimiiiiiiiiHuniniiHiiiininiuiiiiijjiiiiiiiiiiiiinriiiiriiiiiiiiiiitHitiiriifiiriniifiiiiiiiiHMfiMiwmMttuiMtimiiMiiiiiiiiuiiiiiiii 

The library is a cooperative activity of the American Tnouu.i* -t m . ■ > r, . mmmmm --“»»»»«»«- » 

Civil Engineer $, the American Institute of Mining and Metallurnical 4 ^ r * C °* E y™ eers < lhe American Society of 

ical Engineers. . It is adminstered for these FouZerSofe,UnZZu/ZT* ^ ^ ° fMeCh ^ 

library of engineering and the allied sciences. It contains 150 000 ,J Engmee ? mg So ™ el V’ as “ Public reference 
most of the important periodicals in its field. It is housed in tfie EnJ “*** pamph I els and receives currently 
ninth St., New York. \ ^ En 0^eenng Societies Building, 29 West Thirty- 

In order to place the resources of the Library at the disvnml „/ i, , ... 

prepared to furnish lists of references to engineering .subjects vie/or t/L^Tr* l °, . l j m V^son,the Library is 

Charges sufficient to cover the cost of this workl/made/^’ ***" " tmndaiions * artide *’ and assistance. 

The Library maintains a collection of modern technical hook, i n , a t 
AneHca. A r.r.lal off,, „ da,, pL trm.poMim l «L™“ ' " <* 

understand clearly what is desired e ma ^finite as possfole, so that the investigator may 


BOOK NOTICES (JULY 1 - 31 , 1927 ) 

Unless otherwise specified, books in this list have been pre¬ 
sented by the publishers. The Society does not assume responsi- 
bility for any statement made; these are taken from the preface 
or the text of the book. 

Library° 0kS llSt6d may b<3 consulted in tbe Engineering Societies 

Alternating-Current Rectification and Allied Problems. 

1997 y A 70 ' J u ley ‘ 2nd edition - N: Y„ John Wiley & Sons, 

■ 472 PP-> illus., diagrs., tables, 9x6 in., cloth. $ 6 . 00 . 

°. f fkisbook is to describe the methods available for 
®“ rren f? f ° r Power and for laboratory use 
amoles E! 1 tbe ma Uiematical analysis with numerical ex- 
Zbool ,n^ 7 i are P0SS1 ^’ T be author has tried to make 
thfs hahss, aS P° s . sl F e wlth JP itself . and to accomphsh 
etectrioitv!Tl acquaintance with the general theories of 
Hp hos - jL. oiagnetism, transformers, crystallography, etc. 

Chanters nn g +h y ? m ^ted questions of design and manufacture, 
sunnlfi^ th • lnstallatl on of thermionic rectifiers, on radio 

T«hK™l L- d 0n ll ?- vert ® rs have been’ added to this edition. 
-Bibliographies are given. fftr each chapter. 

Arcbitectxjral Construction, v. 2 , Book 2; SteefConstruction. 

By Walter C. Voss & Edward A. Varney. N. Y., John Wiley 

fin S nn S ’ ^' 564 PP " muS - *>“*»•. tableS ’ 12 x 9 ia „ doth. 

, pub h e ation is one section of an elaborate treatise on archi- 
also fnll lnt f aded Primarily for the architect but 

fs to nrmnitJ * for tb ®. str u ct ural engineer. Its purpose 
A. pr ? m . ote doser cooperation between architect and engineer 

by he 6 lnfn?P ! ,l I ? 0der S b f di *^jequirmg the services^fboth,’ 
limitat?^? ih ^ t understand the architectural and structural 
limitations that are to be surmounted. 

section the authors show, by numerous examples, best 
• °. < l e f 1 rL Practise in steel construction. Each principle of design 

relatiomflo tlL* 1 *• 8 ? r ^ ieal application is evident, and its 
s trupturai^°Aofebuilding and to those architectural and 
structural details that control it, is considered. The book 

illustrated and replete with practical details which 
adapt it admirably for reference as well as for study. 

Die Berechnung Elektrischer Leitungsnetze in Theorie 
und Praxis. 

By Josef Herzog. 4th edition, revised by Clarence Feldmann. 
Berlin, Julius Springer, 1927. 554 pp., diagrs., tables. 9 x 6 in 

boards. 38 .-r. m. 

+T.J , f Le pr j ne i p j 1 - cllan & e this edition is -the separation of the 
treatment of direct-current circuits from that of alternating- 
fnr ^ elrcuits * This change will make the book more suitabfe 
w«i e a text ^°°k> author believes. The subject matter 
aiso been revised wherever necessary. 

h ™K% ves . a taathematical discussion of the 

rafiTOad° f networS mg netWorks for power and H g ht ' iududing 


Calculus of Variations. 

^ orsy ^* Cambridge, Eng., University Press; 
(N. Y., Macmillan Company), 1927. 656 pp., 11 x 8 in., cloth. 
50s. 

in treatis e on the calculus of variations is the first 

to £ , maay yea rf- While it makes no pretensions 
L.f;i ^ range ’ ^ eovers the subject more fully than 
?; ay , ■? Predecessors and gives a systematic exposition of it 

work ninvLv e<?m P° s 2 t . e process. The book is based upon the 
work of Moignwand Lindelof, and of Weierstrass, but much of 

work by 6 the author 6 ’ & ^ Part k due t0 iad eP^dent 

Descriptive Geometry. 

By C. H. Schumann, jr. N. Y., D. Van Nostrand Co., 1927 
249pp.,9x6in., cloth. $2.50. 

This textbook is the outcome of the author’s experience in 
teaching descriptive geometry at Columbia University, where 
it has been used in abbreviated form. Efforts have been made 
to present the subject from the students’ viewpoint and to de¬ 
scribe the problems so clearly that little explanation by the 
instructor Will be necessary. Over 1300 exercises and practical 
problems, covering mining, civil, mechanical, and electrical 
engineering, are given. 

Diesel Maschinen, III. Sonderheft der Zeitschrif t des V. D. I. 
Berlin, V. D. I. Verlag, 1927. 99 pp., illus., diagrs., 12 x 8 in., 
paper. 4,50 r. m. 

This book contains the papers upon Diesel engine construction 
which appeared in the Zeitschrift des Vereines Deutseher 
Ingemeure during 1926, and which are here reprinted in con- 
vement form for reference. The twelve papers are the work of 
leading experts; taken collectively, they form a good survev of 
the present position of the Diesel engine industry. 

Elbktrische Bahnen. 

in?/ A- Schwaiger. Ber. u. Lpz., Walter de Gruyter & Co., 
1927. 116 pp., illus., diagrs., 6 x 4 in., cloth. 1,50 r. m. 

A brief account of the present situation in railroad electrifica¬ 
tion, especially full with respect to conditions in Germany. 
Electric locomotives are discussed. 

Elektrische Fordermaschinen. 

By W. Philippi. 2d edition. Leipzig, S. Hirzel, 1927. (Elek- 
trizitat in industriellen betrieben, bd. 6 ). 310 pp., illus* diagrs., 
10x7 in., paper. 20.-Mk. 

A practical treatise on the construction and operation of 
electric mine hoists, intended for the mining engineer. The 
author describes the mechanical and electrical machinery and the 
control and safety devices, and discusses the advantages of elec- * 
trie Apists, giving special attention to their safety and economy. 

A number of typical installations are described and a list of refer¬ 
ences is given. 

Elements of Physics. 

By Alpheus W. Smith. 2d edition. N. Y., McGraw-Hill 
Book Co., 1927. 660 pp., illus., diagrs., 9x6 in., cloth. $3.50. 

A textbook for students who are primarily interested in the 
practical applications of physics, which aims to include those 
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pp.,aT«.;diagrs., tables,9 

This course \ n d ®f^*lbnery * Res 
to design eleet " lia A^caSfin tbe 
that art can.only be acquire ^ 
actual expenence 1 n protesswn re ^ 
the impossible ’'^5?®fy°of certain fu 
attention to a m ast 'ofessional elect: 

r it to the problems of dir 

CUNGSTECHNIK. Qoringer, 

>ld Roth. Berlin, Juhus Springy 

a 0 ?! 36 - f b Xe trical phenomena in rr 
ysies of electrical P pheri omen^ 11 
tan.ce °f high-tens g 0 lid dielectr 


tonics which, touch, our everyday 
large number of Matiom ^ 
engineering, agri 
endeavors to stn 
of physical laws 
experiences 
Formerly pn 
Physics.” 

Elements oe kadio-ocw 
By 0. E. Brown. Eon 
216 pp., diagrs., 9 x 6 m. 
Branch). 

Electrical engineers 
tionE r l 

of ivireless^coWunicatibn 

receiving and 
mathematics 


a^d S S°the Se of “Element, 

„„ TJ .ata-OoMMUNICATION. . 

r ., Oxford Umv. 
10 s 6 d. (Gift 


who have not stu iera ^ know ledge \ 

and students of science who ^ To the theory 

vdll find this book a good ^roduc«o ^ ] 

aud to tne pri f autto r avoids 
transmitting apparatus rests. , 

s successfully- . alternating currents., the 

‘“After"a discussion of the_ theo H methods of pro<$aemg, 

\ book describes and ® mp S*l pK P ii»ated through^ space 
radio waves, tells how they ^ rte variation in their strength 
^d gives tlm P™Lab e causes of the o Vam d ^ into 

and direction. Methods of re k closes with a chapter 

audible waves are explained, aim 

on atmospherics. ^.mischen Versuchsanstai/t Zu 

Ebgebnxsse per A ne)hedbvLPrandtl & A. Betz. Mun. 
Gottingen, Lief erung 1--■ illus., diagrs., tables, 11 

3P«^ t ; p t 3i . 14 , 50mlc. 

x S in., paper. Pt. 1, 8 -J 11 ''^leaHon to he issued at irregular 

The first three numbers of •*. ^E^riment Station at G ottm- 

intervals by the Aerodynamicaj Expenm^ ^ ^ important 

gen. The publication is ^tended i ^ Institute more eon- 

results of the„„ and manufacturers fhen hitherto, 

veniently available to enginee sum maries incpenodicals. 
when they have only appeared m surnmai ^ ^ institute and 

The first number contains a d^ ti P atioM kad taken before 

of the directions which its -r. i g0 deludes an. mtroduc 

1 Q20 accompanied by the result . . ^ which *the basic 

tion info th?study of the resistance of ^^er numbers, issued 
laws of aerodynamics are expla t theoretical studies, 

in 1923 and 1926, co?tam, m interest not only to aeronautical 
reports of “ v ®f|ndeuts of ™A resistance in connection 

Estimating Building Costs. >j y MeGraw-Hill 

By Frank E. Barnes. 2 nd edi ^ -N-^ - {abnkoid . 
: ^ -iAo <7 *Q 9 . mv. illus., tapies, < a 


N. Y., 

tables. 


f hvdraulics nor to oner a aims 

essional fields 0 l^ y ^vdraulics g of engineering, wh 
>asic course m more specialized studies 

>oth as an everyi&y problems. . 

preferencebookoneveryoyp description 

The treatment has fund am« 

phenomena; second, develop ^^n of exa mples 

useful formulas, thi™, £ , good methods m th 
form in the a ^ al ?^ ica i problems drawn from.} 

. V Y A W. Shaw Co., 193/. .** 
?S °11 xSn., Cloth. S7.50. 

Presents the results ol : t Seaf Sods for 
single industry °® rte ^ ®taken in P^t with the aim 
recorded data, eTilrectting conditions in thr* 
mg a method ~ ari d production, 

topics considered a e pn {ore casting c c 

duction of pig irP an t att empt to be s 

KAummungen Zyltndrischer 

Betriebes. t 

By P. Ronne. Berhn, V. D. i. 
sarbeiten auf dem gebiete <-- - 

Bn. diagrs., 11x8 in., paper. 5 ,-r. m. 

PP Gives the results of an investigation 

!S£“d.«5SSr3»lung ,a.. 

stndv shows how differences of temper 
■ and whaHteps must be taken m eonsl 
, prevent them. 

Law of Radio Communication. 
f By Stephen Davis. N. Y., McGraw- 
! » 206 DP. 9 x 6 in., cloth. S3.00.^ 

6 In the study upon which this book is 
s .iL^orto determine the basic legal n 


designed to apply to a 
- ? the analysis ot 

---1 of develop- 
that industry. The 
- the regional pro-, 
of conditions in the 
i an exhaustive analy- 
__a and steel industry, 
of'"the problem" to be helpful 
it, and also to point the way to 

KbSSELTEIUE W AHREND D^ S 

- 1. Verlag, 1927. (Forschung- 
des ingenieurwesens, heft 292). 43 

of the strains caused in 
•erature within the plates 
tVipspi strains, their size 
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between those engaged in radio communication and the govern¬ 
ment, the public, and other operators. Attention is paid to 
sucn important questions as the right to engage in radio com¬ 
munication, federal and state jurisdiction, conflicting rights in 
reception and transmission, broadcasting copyright matter 
libel and slander. At the present stage of development, the work 
Jf. ot necessity largely speculative: an endeavor to foresee the 
direction that statute law and judicial decisions will take. 
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C.U. lift 


Dee SchipfsmaschineiTbau, v. 2. 

By G. Bauer. Mun. & Ber., R. Oldenbourg, 1927. 455 -|~ 

175 pp., illus., diagrs., tables, 11 x § in., paper. 54.-r. m. 


The second volume of Dr. Bauer’s great treatise on marine 
engines is devoted to steam turbines and reducing gear The 
theory of the turbine is discussed first, after which the design 

?! then 6 IS f tl i? ated J f len «. tJl - Turbine construction 

is then taken up, followed by sections on reducing gear on 
turbine operation, and on the installation of turbines in shins 
A suggestive section on land turbines concludes the book 
except for 168 pages of appendixes, in which many matters in the 

fo r Xsfcr e - br °^ ht UP * A ttod volum^ on intSnah 
combustion engines, is promised. 


or, W ? rk I? a vall . lab,e record of European practise in design 
and construction, of interest to eveijy marine engine builder. S 


SiejIsaac Njswj»n; a brief account of his life and work. 

By S. Brodetsky. Lond., Methuen & Co., 1927. 161 nr> 

Port, map, diagrs., 8 x 5 in., cloth. 5s. ' 1 ’’ 


tf i present the main features of Newton’s life 
and his chief contributions to knowledge in a manner that will 
be understood by a reader who possesses a very mMemte 
grounding m the elements of science. The author suceeSlv 

fV he aver age inquirer will wish to knowlof Newton 
andfof lu& influence on soientifics thought* 


Standard Construction Methods, 

.By G. Underwood, N. Y., McGraw-Hill Book 
^407 PP*, illus., tables, 9x0 in., fabrikoid. $5?(K). 

. spite of the extensive literature upon construction, link 
is available upon the methods of construction actually in H»*t\ 
Mr, Underwood’s book, in which he presents standard methods, 
will therefore be decidedly interesting to superintendent - of 
construction, contractors and others engaged in building, Tin 
subject is treated comprehensively. The methods advocate! 
are described simply and precisely, 

Stream Gaging. 

By William Andrew Liddell ' N. Y„ McUraw-11 ill BiKlkC#** 
1927. 238 pp., illus., diagrs., tables, 9x0 in., cloth* $3,00* 
This volume presents briefly the theories of stream flow which 
bear onstream gaging, considers practical methods For apph mg 
these theories to the measurement of flow, examines the ehaVae® 
tenstics of the various measuring device, and outlines imd lusts 
tor analyzing stream-flow data. The book provides a readv 
worMng knowledge of the general nature of stream flow a ml of 
practical methods for determining the rate of discharge, 

, VeAuche Uber den # Eivfuuss Nikdeueu Tkmpwkatiw 

DIE W IDERSTANDSFAUIOKKIT VON ZeMENTMOUTEL 0ND BlSTUtf. 
(Deutscher Ausschuss fur Eisenbeton, heft 57). Berlin, Wil¬ 
helm Ernst & Bohn, 1927. 44 pp., illus,, diagm, 11 x H in,* 
paper. 5,20 r. m. 

The investigations described in this pamphlet wart under** 
taken to ascertain the extent to which the well-known retarda- 
u+r*/! I 6 ? ettln F <>f cement low tempera!ures afTeds the 
later hardening ot cement and concrete. Tests were made of 

SS^hIII or be, r th % fr< ’«> zi «K-lK)int, of water and main- 
l at low peraturoH for one to two weeks, of t he etteK 
?!,n ld l tl < ontl ot f ^ l< ' luI " «hlorxde, of the effect of frost upon 
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Engineering Societies Employment Service 
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m ***** Mechanical and Klcclriml KngiZIZ^ 


native bureau by contributions i!AfAocieUe^ndthX‘iAriAr A ‘° tA m , ember *¥P< arlfl <* 
Offices: 88 West 88th St., who M V >>™fitai 


mA.nMrTT*'—. 
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of the month. * > iyew xortc Lit y, and mould her ecAiuml prior to the tfith dan 
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filled mil not be forwarded. 1 V ■ 0uruau a f ter position# to which they refer have hern 


' POSITIONS OPEN 

jPERMANKNT POSITION in South America 
w open for an energetic graduate civil engineer 
too speaks Spanisli and is qualified to succosh- 
“Uy sell and promote materials entering into 
modem street atid road construction. Itemunera- 
tou commensurate with ability. Submit com¬ 
plete statement of experience and training and a 
tocent photograph. Applications will be treated 
wthx strict confidence. X-2353 C-8. 

SSLEOTRICAIj P>B»srr.N KNCONEKR, eom- 
P™ant to redesign existing line of A-C. motors and 
“TOhe responsible control of induction motor 
“Smearing section. Location. Buffalo District 
Apply by letter. X-3138-C. 


MEN AVAILABLE 

ELECTRICAL ENGINE Kit, Hixt0(in y ( , ars - 
experience including specialization in underground 
distribution of design and construction, overhead 
transmission, railway electrification, also general 
electrical construction. M, I. t m-adimt#** 
member A. I. E. E. and N. K. I, A „ tmoM 
experience in comipittee work with the latter; 
N. Y. State License. Desires position as trans¬ 
mission and distribution engineer, location 
United States. A- 2024 . 

COMMERCIAL ENGINEER, graduate 1008 
thoroughly experienced in power sales for large 
industrial operations, invites correspondence 
with holding company who require executive to 


organize actively department for negotiations of 
larger power contract and to build up power load. 
A successful record and highest typo of reference 
as to character, ability of neeompllNhment and 
personality offered. B-122I. 

PUBLIC UTILITY EXECUTIVE, 47, tech¬ 
nical graduate, twenty-five years* experienee in 
all kinds of public utility work. Ten veers* 
experiemee in construct ion, engineering and o,*. r a~ 
tion of steam and hydro-electrie syMenis. including 
generation, transmission and distribution, fifteen 
years experience in executive capacity, covering 
appraisals, rate structures and adjlistmem" 

eamt^ controversies, new business 

campaigns. Experl^nceil in the 1 # ' 






INSTITUTE AND RELATED ACTIVITIES 

'r».o 


Journal A. I. E. E. 


976 ' ^ . . plants. Unquestionable references fur- 
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tenance and general testing. B-7464. • tions and c . _ .—* 
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. „ . wtwbt f CH GOTTFRIED, E. Frederics, Inc., 

PROVE ARTHUR WILSON, Assistant, Engl- NIER _ ’ 37 th st., New York, N. Y. 

GE °n^ D T ept„ Gibbs *Hid Penna. Station, ^ 0 ^ WW , Metrician Warner 
NewYork,N.Y. r res Jerkes Pa. ^ Bros. Pictures Corp., 5842 Sunset Blvd., 

iott Engineering Co me., mo HEALY , KENT TENNEY, Speen St., Na , Hollywoo d, Calif. AlvTnlJ1TW AOT)ralsa i 

ER^ESLIe’l! Sales Engineer, Morgan- K j^q ' SHIGEZO, Chief Signal Engineer & QUA ^?3 - ‘yfew^Ybrk Edison Co., 130 E. 

B^h co 3302 Anable Ave., Long Island H1K ^ tenance of overhead Line Co^ruction, New York, N. Y.l res., Westwood, 

- --Hanshin Kyuko Dentetsu, Osaka, Japan._ S ” , 

HOKANSON, CARL GUSTAV, Jr., RAJU m. G„ Principal, Government School of 

Service Inspector, Bureau of Power & Light, RAJ ^ andicrafts> Assam , Sylhet, India. 

207%. Broadway, Los Angeles, Calif. '-RICKARD ERIC MARTYN, Salesman, Wediit 

HOKLY, GEORGE S., Chief Engineer, New- K ICEAR Co ’ Grand central office Bldg.. New 

■Rneineer, 924 ivioreius *«**-* - combe-Hawley, Inc., St. Charles, Lii. v u >r y # 

Mex . JEFFREY, ELMER F., Maintenance Supervisor■ _ DGB ’ WILLIAM JEROME, Jr.. Student 

BRINKLER, JOHN STANLEY, Draftsman, We stern Union Telegraph Co., 606 Sloan TAghtn ing Arrester Dept., General 

General Electric Co., Lynn, Mass. . Bldg., Cleveland, Ohio. ■ . , „ Electric 06., Pittsfield, Mass. 

BROWNE, PATRICK J., Distribution Divmom JONES> OH ARLES NBESON ; ^ e Ra “ e y Co SALERNO, MARCUS JOSEPH, 141 W. 75th 

Engineering Dept.. Commonwealth Edison Electrical Engineer, Brown & Bailey Co., A KewYork.N.Y. > 

Co., 72 W. Adams St., Chicago, 111. 410 N . Franklin St., Philadelphia, R a. SALVATORE, MICHAEL, Draftsman, Electric 

CANNON, DOYLE L,, Safety Engineer, Caro- REENE> BO y, Superintendent of SubstaUons. SAL ^ tootive Works , T he Baldwin Locomotive 
lina Power & Light Co., Raleigh, N, . Mississippi Power & Light Co., ’ -Works, Philadelphia, Pa. 

COL Maimenan GA Avato 3 n Telephone Co., Ltd., k ELLy! FRED GRIFFEN, Jm, Mectrical Enp- SC ^ : ^ngta^NeTEngtod 1 "^‘atmeturaf Go., 

St. Johns, Neirfoundland. > neer, Westinghouse Elec.. & Mfg- C ., Second St., EvSrett; res., Cambridge, Mass. 

CORONADO, CHARLES ARTHUR, Mem Pittsburgh; res., Wilkinsburg, Pa. SOHAD ALFRED E., Sales Engineer, Westing- 

Electrical Engineering Staff, Compmna LANNING _ H . B „ chief Operator of ^ydro SCHA 3 ™ & Mfe . C o„ 121.E. Baltimore 

Petrolera Lobitos, Restm, Peru, So. A-mer. p lants . Light Department, City of Seattle, Baltimore Md. 

CUNNINGHAM, J. A., Instructor Electrical Nisgually Power Plant, La Grande, Wash. ^ EDWIN, 289 North Second St., 

Engineering Dept., Iowa State College, MacFA J^ nb .JOHN MacDONALD, Head of b O“” t rf eld Mass . 

' Ames, Iowa._„„ n^a- Electrical Dept., State Trade coo, S jK A AR, EINAR, Electrical Engineer, Skahdt 

Britain, Conn. _ „ . — Ww, Nordal 

*MacGXJFFIE, CHABLES IRVING Data^Engi¬ 
neer, General -Electric Co., Schenectady, 

N. Y. 


ASSOCIATES ELECTED AUGUST 9, 1927 

An AMS WILLIAM E., Sendee Engineer, 
Elliott Engineering Co., Ihc., 215 Washington 

ite Brush Co., 3302 Anable Aye., I ,nne Isla 

Citv N. Y.; res., Lansdowne, Pa. 

BERG GUNNAR, Assistant Sales Engineer, 
Westtaghouse Electric International Co., 

BERTOIEN^To SE^AbAHAm', Electrical 
Engineer, 924 Morelos Ave., Torreon, Coah., 
Mex. 


Ames, Iowa. " ■. .. _ 

DAVIS, WILLIAM JOHN .Substation Opera- 
tor, Commonwealth Edison Co., 3 
Ohio St., Chicago, Ill- . 

♦DEVINE, PE RLE ALFRED, Graduate Assis¬ 
tant, Electrical Engineering Dept., Iowa 
• N,: . ___ Tlrac* MninftS. Iowa. 


VINE, PhiJK-L.£i AUTivkiD, - N. Y. , . : 

tant. Electrical Engineering Dept., Iowa mark:s> MILTON MAURICE, Electrical 
State College, Ames; res., Des Moines, Iowa. Engill eer, Crane Co., South Ave., Bridgeport, 


KJ4S, IVLJLJU ivD -- ’ . 

Engineer. Crane Co.. South Ave., Bridgeport, 

mTCOTE CHARLES HUE SMANN, Electrical Conn. ^ 

Engineer, Stone & Webster, Inc., 49 Federal MASH KILLEYSON, LEV, 

St Boston, Mass. c. _ High-Tension Laboratory, Electrotecbnica 

EVANS, ROBERT LESLIE, Consumers’ Engi- 
. . _ u. ivTumornal EleC- 


^.AR, EINAK, Hiiecu-ictu - 

navisk Kabel & Gummifabrikcr, Nordal, 
Aker, Norway. 

SMITH, BENJAMIN DAY, Eastern Manager, 
Sterling Varnish Co., 147 Headley Terrace, 

■ '''Irvington, N. J. ; i 

SNELL, EDWARD JUSTUS, Laboratory 
Helner Public Service Electric & Gas Co., 
SHKILLEY SUN, niLv, ««• ; Durh am Ave., Metuchen, N. J.; res., Brook- 

St Boston Mass. a High-Tension Laboratory, Electrotechnical uurnam avc., 

VNS, ROBERT LESLIE, Consumers’ Engl- I^ttute.Pesotschnaya 5, Leningrad Russia. ^ SG HOWARD MIOHNER, Electri- 

neering Assistant, Shanghai Municipal Elec- McCALEB , THOMAS S ’’ ' il Contractor, 311 N. Alabama Stw Indian- 

tricity Department, Shanghai, China. _ Liberian Government, Monrovia, Liberia, ca '^“ nd 

FILLMORE, JANIES M„ Contractor, 23 Spring ^ ^ESTER WILLIAM, Electrical SVELA, OLA JANASSEN, Electrical Designer. 

St., Norwich, Conn. McGILL, CHESTER ’ n ^ York Edison Co., New York; res., 

FlfAN'CA. ABILIO, Survey Tracer, Brooklyn Enginer, Edison Electric IUummatmg ., Broo klyn N Y. 

Edison Co., Inc., 360 Pearl St., Brooklyn, 39 BoylstomSt., Boston l Mass- . Engi . TAYLOR PHILIP LEONARD, Laboratory 

k sssrri:?- °°'; : 

GOODWIN, HAROLD FRANK, Engmeer, nee r r Ohio Boxboard Co., Rittman umo. 

Park S<1Uare B g " “ M— AL pa^k D «2; Ltt UNOERER. FRED A., 2038 72nd St., Brooklyn. 

“o SB*™- MII Sr“™Xchandi S ingEngi- A. ^-P—l- - « | 

* GE ^^nirrK B K h-Mine .Smelter Supply OO..E! Paso, 

Bldg., Cambridge; res., Allston, Mass. BRENT Manager, Chicago Office, WEIR, PAUL LATIMER, Byllesby Engmeortog 

GROSS, FELIX P-, Electrical Engmeer Cen- MILL . Gq 140 s . Dearborn St., & Management Corp., 435 Sixth Ave., 

tral Public Service Go., 209 S. La Salle St., T „ Pittsburgh; res., Wilkinsburg, Pa. 

Chicago, Ill. 


Chicago, Ill. 








Sept. 1927 


INSTITUTE AND RELATED ACTIVITIES 


WILSON, IRVING CLIFFORD, Assistant 
Electrician, Lane Hospital, 1334 24th Ave., 
San Francisco, Calif. 

YOUNG, ROBERT A., Sales Manager, Petro¬ 
leum Engineering Corp., E. Main St., Brad¬ 
ford, Pa, 

Total 65. 

♦Formerly enrolled.Students. 

ASSOCIATES REELECTfiD AUGUST 9, 1927 

CARSWELL, HOWARD LAMPREY, Electrical 
Engineer, Service Dept., A. B. See^Electric 
Elevator Co., 52 Vesey St., New York; res., 
Brooklyn, N. Y. 

HOPKINS, HENRY DEMING, Designer, 
Commonwealth Edison Co., 72 W. Adams 
St., Chicago, Ill. 

PAWSON, HERBERT EDWIN, Assistant 
Commercial Manager, Southern Canada 
Power Co., Ltd. & Power Corp. of Canada, 
Ltd., 330 Coristine Bldg., Montreal, Que., 
Can. 

PEACOCK, WORTH C., Service Engineer, 
Air Reduction Sales Co., 342 Madison Ave., 
New York, N.Y. 

SPERLING, R. H., Factory Manager, (Canadian 
Celanese Ltd.^Drummondville. Que., Can. 


DAVIS, WILLIAM S., Meter and Wiring 
Engineer. Public Service Electric & Gas 
Company,'Newark, N. J. 

DAZA, GABRIEL A., Supervising Engineer and 
Assistant General Manager, Visayan Electric 
Co., Assistant General Manager, Visayan 
Electrical Supply Co., Cebu, P. I. 

ELDREDGE, WILLIAM S., Testing Engineer 
m charge of Generating Stations, Common¬ 
wealth Edison Co., Chicago, Ill. 

ELLIOTT, EDWARD B.f Engineer, Stone & 
Webster, Inc., Boston, Mass. 


ASSOCIATES REINSTATED AUGUST 9, 1927 

BADGLEY, ARTHUR DAVISON? Designing 
Engineer, General Electric Co., 1 River Road, 
Schenectady, N. Y. 

BRU, EDMUND H., Charge of Elec. & Mecli. 
Maintenance, Schlage Lock Mfg. Co., Bay 
Shore, San Francisco; for mail, Mountain 
View, Calif. 

MEMBERS ELECTED AUGUST 9, 1927 

CHOJECKI, STEPHEN L., Lecture, High 
Tension Laboratory, Electrotechnical Insti¬ 
tute; Member of Committee, State Patent 
Office, Fontanka 76/78, Leningrad, (U. S. 
S. R.) Russia. 

DIXON, W. R., General Supt., Florida Public 
Service Co.? 100 E. Central Ave., Orlando, 
Fla. 

OLESEN, HAROLD L., Radio Engineer, Kan- 
steel Products Co., Inc., orth Chicago; res. 
Highland Paris, Ill. 

VIBBARD, EDWARD L., Bell Tel. Laboratories, 
Inc., 463 West St., New York, N. Y. 

TRANSFERRED TO THE GRADE OF 
MEMBER AUGUST 9, 1927 

WARNER, EARLE E., Industrial Engg. Dept., 
General Electric Company, Schenectady, 
N. Y. 

RECOMMENDED FOR TRANSFER 

The Board of Examiners, at its meeting held 
July 19, 1927, recommended the following 

members for transfer to the grade of membership 
indicated. Any objection to these transfers 
should be filed at once with the National 
Secretary. 

To Grade of Member 

BODEN, WALTER A., Sales Engineer, Ward 
Leonard Electric Co., Mt. Vernon, N. Y. 

BROWN, FREDERIC S., Assistant Electrical 
Engineer, Byllesby Engg., & Mgt. Corp., 
Pittsburgh, Pa. 

BUGBEE, RALPH L., Electrical Designer, 
Stone j& Webster, Inc., Boston, Mass. 

CALL, LLOYD L., Chief Engineer, Victor 
X-Ray Corp., Chicago, Ill. 

CANARIIS, SVEND A., Senior Engineer, 
Duquesne Light Co., Pittsburgh, Pa. 

CHU, FU I., Electrical Engineer, Chinese Govt. 

Tel. Adm., Shanghai, China. 

CONKLING, DeWITT C., Electrical Machinist, 
The Panama Canal, Balboa, Canal Zone. 


FARON, FRANK A., Electrical Engineer, 
Railway Engg. Dept,, General Electric Co 
Schenectady, N. Y. 

FLEMISTER, S. A, Transmission and Protection 
Engineer, Southern Bell Tel. & Tel. Co 
Atlanta, Ga. M 

GEORGE, ROBERT B„ Electrical Engineer 
Westinghouse Elec. & Mfg.*Co., Sharon, Pa. 
GOOD ALE, J. ELMER, Assistant Electrical 
Engineer, N. Y. & Queens Iplec. Lt .& Pr 
Co., Flushing, N Y • 

GOODMAN, LYNN S., Assistant Supt., Statisti¬ 
cal Bureau, Edison Electric Illuminating Co 
of Boston, Boston, Mass. 

HERB ST, WILLIAM B„ Assistant Electrical 
Engineer, Dept, of City Transit, Philadelphia, 

HIGGINS, D. D., Electrical Assistant to Supt., 
Generating Stations, Commonwealth Edison 
Co., Chicago, Ill. " 

HOLBEN, WILMER P., Distribution Design- 
Section Engineer. Byllesby Engg. Mgt. 
Corp., Pittsburgh, Pa. A 

KYLE, GEORGE L., Electrical Engineer, 
U. S. L. Battery Corp., Niagara Falls, N. y! 

LANG STAFF, HAROLD A. P., Relay Engineer, 
West Penn Power Co., Pittsburgh, Pa. 

LAN SI L, CLIFFORD E., Assistant Prof, of 
Electrical Engineering, Massachusetts In¬ 
stitute of Technology, Cambridge, Mass. ■ 

LAURENCOT, HENRY J., Assistant System 
Engineer, Brooklyn Edison Co., Brooklyn 
N. Y. 

LEUREY, LOUIS F., Consulting Electrical En¬ 
gineer, 58 Sutter St., San Francisco, Calif. 

LOSH?NG, CLEMENT K., Electrical Engineer, 
Cleveland Electrical Illuminating Co., Cleve¬ 
land, Ohio. 

LUICHINGER, MARTIN J., Foreign Wire 
Relations Engineer, Indiana Bell Telephone 
Co., Indianapolis, Indiana. 

MacRAE, FRED G., Saleji Engineer, Electric 
Service Supplies Co., Chicago, Ill. 

MERLIN, HOWARD R., Electrical Research 
Engineer, Interborough Rapid Transit Co. 
New York, N. Y. 

NORMAN, HORACE M., Design Engineer, 
Westinghouse E. & M. Co., East Pittsburgh, 
Pa. 

"PERLEY, FRANK G., Industrial Power Engi¬ 
neer, Conneticut Power & Light Co., Norwalk, 
Conn. 

PFEIFFER, CONRAD L., Engineer, Western 
Electric Co., Chicago, Ill. 

QUIRK, WILLIAM G., Supervising Chief 
Inspector, City of New York, Municipal Bldg., 
New York, N. Y. 

ROSEVEAR, MORRIS B., Engineer, American 
Brown Boveri Electric Corp., Camden, N. J. 

ROSS, LINDSLEY W. f Secretary (of Employ¬ 
ment and Training, Pacific Telephone & 
Telegraph Co., Seattle, Washington. 

RUPP, WELLINGTON, Chief Engineer, Dept, 
of Public Works of Washington, Olympia, 
Wash. 

RUSSELL, EDWARD G., Electrical Engineer, 
Dept, of Water & Power, Los Angeles, Calif. 


SAALBERG, WILLIAM H., Underground En¬ 
gineer, The Ohio Power Co., Canton, Ohio. 
STAMM, OTTO E., Chief o! Planning .Bureau 
Distribution Dept., N. Y. Edison Co.’ 
New York, N.Y. 

STEELE, GEORGE *F.,, Consulting Engineer, 
General Electric Co., Boston, Mass. 
STEPHENS, HOWARD 6., Engineer/Trans¬ 
former Dept., General Electric Co., Pittsfield 
Mass. ' 

SWENSON, GEORGE W., Assistant Professor, 
University of Minnesota, Minneapolis, Minn! 
SWOBODA, H. O., Consulting Engineer, 3400 
Forbes St., Pittsburgh, Pa. 

THOMAS, JOSEPH E., Supt. of Operation, 
West Penn Power Co., Pittsburgh, Pa. 
VOGDES, FRANCIS B., Research Laboratory, 
General Electric Co., Schenectady, N. Y. 

WAGNER, CHARLE S F., Transmission Engi¬ 
neer, Westinghouse E. & M. Co., East Pitts¬ 
burgh, Pa. 

WICKER SHEIM, LYLE W„ Engineer, Southern 
Calif. Telephone Co., Los Angeles, Calif. 
WILSON, WILLIAM, Head Switchgear Develop¬ 
ment Dept., General Electric Co., Witton 
Birmingham, England. 

WRIGHT, EARL L., Transformer Specialist 
General Electric Co., Philadelphia, Pa. 

APPLICATIONS FOR ELECTION 

Applications have been received by the Sec¬ 
retary from the following candidates for election 
to membership in the Institute. Unless other¬ 
wise indicated, the applicant has applied for ad¬ 
mission as an Associate. If the applicant has 
applied for direct admission to a higher grade 
than Associate, the grade follows immediately 
after the name. Any member objecting to the 
election of any of these candidates should so 
inform the Secretary before September 30, 1927. 

Abraham, G. P., ,Philadelphia Electric Co. 
Philadelphia, Pa. 

Alderman, H. L., Electric Bond & Share Co. 
New York, N. Y. 

Allen, A. J., (Member), American Tel. & Tel. 

. Go., New York, N.Y. 

Armour, W„ Windsor Hydroelectric System. 
Windsor, Ont., Can. 

Barnhart, C., Cooper Corp,, Findlay, Ohio 
Blowes, W. J„ E. L. Phillips & Co., Far Rockaway, 

Buchman, A. R.. East Ohio Gas Co., Cleveland 
Ohio 

Court, W. E., Lake Buntzen Pr. Plant, Vancouver 
Pr. Co., Burrard Inlet Floating P. O., 
Lake Buntzen, B. C. 

Derenkowsky, P., 904 Tiffany St., New York, 

N. Y. 

Downer, J. B., City of Seattle Water Dent 
Seattle, Wash. 

Garroway, D. C., Locke Insulator Corp., St. 
Louis, Mo. 

Heap, J. G., General Electric Co., St. Louis, !S£o. 
Hilton, E. J., Scranton Electric Co., Scr an ton, 

Pa. 

Hollister, J. W. A., Trinidad Electric Trans., 

Ry. & Gas Co., Trinidad, Colo. 

Hooper, D. B., Canadian Pacific Railway, Alberta, 

Can. ... ';: v 

Jefferson, H. D., Matson Navigation Co., S. S. m 
Malolo, San Francisco, Calif.; for mail 
New York, N.Y. 

Johnson, O. E., Puget Sound Power & Light Co., 
Seattle, Wash. 

Kelley, F. E., Products Protection Corp., New 
Haven, Conn. 

Kennedy, J. T., Cutler-Hammer Mfg. Co., Mil¬ 
waukee, Wis. 


/ 







978 

, Knape, C. H. M., Westinghouse Elec. &Mfg.Co., 
E. Pittsburgh, Fa. 

McLellan, A. B.. Vesta Battery Corp., Chicago, 

Mc Wha, B. D., General Electric Co., St. Louis, 

NwS* J-.B.. Ohio. Brass Co., San Francisco, 
Calif. 

Ott, A., American Brown Boveri Electric Corp., 
Camden, N . J. 

Barlds, D. M., Western Electric Co.. Hawthorne 
Works, Chicago, Ill. 

Beichard, H. H„ Harvard Engineering School, 

Cambridge, Mass. 

* ' t> tji Qimon & Simon, Philadelphia, 

Rittmayer, B. P., bimon 

Pa. 

Schalcher, O., American Brown Boveri Electric 

Corp., Camden, N.J. , . 

Skaar, X, Illinois Steel Co., South Chicago, ■ 


INSTITUTE AND RELATED ACTIVITIES 


Journal A. I. E. E. 


Stratton. S. E„ Atlantic City Electric Co., 
Atlantic City, N. J. 

Tahler, L. D., E. E.^Hept., GeJrgi^ School of 

Technology, Atlanta, Ga. 

n t TTiup & Police Alarm Systems. 
Thompson, C. L., Fire sc 

City of Tacoma, Tacoma, Wash. 

Townsend, W. W., United States Navy, Washing- 
ton, D. C. 

Von Eiff, H. A., Penn. Water & Power Co, 
Baltimore, M4- r 

Warwick, G. G., Supt. of Power Rouses, Burrard 
Met Floating P. 0., Lake Buntzen, B. C. 

Williams, E. M., West Virginia Engineering Co., 
Norton, Va. 

Yea-er, W- F., Day & Zimmermann Engg. & 
°Cons. Co., Philadelphia, Pa.. 

(Applicant for re-election.) 

r 

Total 37 r 


r* 

Foreign 

Aggarwal, J. D., College of Engineering, Poona, 

GraydonN. M., W. Watson & Sons, Ltd., Welling- 
ton, N. Z. 

TTU*r, S 4 Mgr., Engr., State Factories; Asst. 
^ a Blec EngrV Electrical Dept., Bampur 
State, U.P.,Indiar 

Billstone, C. E„ Southland Electric Power Board. 

Invercargill, N. Z; 

Total 4. w 

r STUDENTS ENROLLED 

Bachman ^arles.X, DreM InsUtnte Technology 

Sr’FrXrick N.! Stevens Institute of Tech. 
® -f.r. rr Tiniversity of Nevada 

»> »““■ 

Columbia „ oklvn Polytechnic Institute 
wSn. Edwar’d 8.. Newark Technical School 
Total 7. 


Officers A. I. E.E. 1927-1928 

PRESIDENT 

&f8FT J GH y ERARm 
JUNIOR PAST PRESIDENTS. 

(Tei fi ex rpu J p u iS 31,1928) c - c - 

(Terms expire July 31, 1928)W*® 5 
'iDirtxict No. 1) 


UrOAJJX/J.’i aw? « oi 1Q2Q1 

(Ter S.TcHE U &EY 


(Terms expire 

H M. hUJiAM iDisui^ R."^NORTH Li ORE (District No. 8) 

B G. JAMIESON (District No-5) h. K. ^ E ^ VER (District No. 2) 
PFORGE L. KNIGHT(District No. o) J COOPER (District No. 10) 

H H SCHOOLFIELDdDistnct No. 9) A. B. PT (District No. 4) 

A. E. BETTIS (District No. 7) 

MANAGERS , * . oi 19301 

I MuL?RO J p ly ' 

H. C. DON GARBOS 
p. J. CHESTERMAN 

(Terms expire July 31, 1931) 

F. C. HANKER 
E. B. MEYER 
H. P. LIVER SID GE 

-- NATIONAL SECRETARY 

NATIONAL TREASURER 

(Terms expire July 31, 1928 ^ chinson 

GEORGE A. HAMILTON GENERAL COUNSEL 

HONORARY SECRETARY PARKER & AARON 

RALPH W. POPE 30 Broad Street, New York 


(T l0HN 5 S! r wlliTlHEAD ) 

ka'iM 

<t S“m“SVBr 


♦Norvin Green, 1884^-6. 

♦Franklin L. Pope. 1886-/. o 
♦T. Commerford Martin, 188*-8. 
Edwaru Weston, 1888-9. 

Elihu Thomson, 1889-9U. 

♦William A. Anthony, 1890-91. ^ 

♦Alexander Graham Bell, 189 
Frank Julian Sprague, 1892-3. 
♦Edwin J. Houston, 1893-4-0. 

♦Louis Duncan, 1895-6-7. 

♦Francis Bacon CgggKER, 1.897- . 

A. E. Kennelly, 1898-1900. 

♦Carl Hering, 1900-1. 

♦Charles P Steinmetz, 1901-2. 

B?o1fj E ARNOLm^903-4. 

1905.6. 

♦S-«muel Sheldon, 1906-7. 

♦Deceased. 


PAST PRESIDENTS—1884-1927 

- a ♦Henry G. Stoti 


AU -- " 

♦Henry G. Stott, 1907-8. 

Louis A. Ferguson, 1908-9. 
Lewis B. Stillwell, 1909-10. 
Dugald C. Jayson 1910-11. 
Gano Dunn, 191 1-12. ■ 

Ralph D. Mershon, 1912-13. 

C. O. Mailloux, 1913-14' 

Paul M. Lincoln, 1914-1 o. 
Tohn J. Carty, 191o-16. 

KV buck 1916-17 • 

E. W. Rice, Jr., !917-18- 
Comfort A. Adams, IQ 18 "!®- 
Calvert Townley, 191^’rY* 

A. W. Berresford, 1920-21. . 

William McClellan. 1921—. 
- Frank B. Jewett 1922-23. 
Harris J. Ryan, 1923-4. 
Farley Osgood, 1924-25. 

M. I- Pupin, 1925-26. 

C. C. Ciiesney, 1926-27. 


local honorary secretaries 

A J. Fleming, Calle B. ^treSlQBuenosA 1 ^: Ar| e ^^ cart House, 
tV. Flashman Aus-Xev 1 N S W. Australia. . 

11 Castle^agh St., Sydney, N Londoa> S . y. 1, England. 

Bombay, India. 

Mdo sSSiS'MCMg^^^h^f'NewZealand. 

P H- Powell,- Canterbury College, Gnnstcnur^, Sweden> 

Ehd^DeX P^O.^x 4563* Johannesburg, Transvaal, Afnca. 

A. I. E. E. Committees 
general standing committees 

executive COMMITTEE 

B. Gherardi, Chairman, l95 H Br ? a ^t^ eW Y ° rk * N ‘l. E. Moultrop, 

ttVSb. ItBU * c - s “”' 


lNew navcu, 

H. C. Don Carlos, 
H. W. Drake, 

F. M. Farmer, 


finance committee *7 

H. A. Kidder, ^ag^600 W.5^|tr^New York, • • 

G - MEETXNOS AND pSpBRS COMMITTEE y 

A* E* Knowlton, E. B. Y > C. E. Skmner- 

A. M. MacCutcheon. q GQOrd ; nat i on o£ Institute Activities, ex-officw. 

gSKSS 3 -*»■_ 

PUBLICATION COMMITTEE 

E. B. Meyer. Chairman, 80 Park Piace^ Newark, N. J- L _ Morehouse . 

H.P.Charleswdrth, . Lnald McNioSl, ^ 

rriMMITTEE ON COORDINATION OF INSTITUTE ACYiVITIE 

G L Knight, Chairman, Pearl & Wiilqugnby Sts., Broo^ | n ^ 0 ^ wen t OV en, 

ll*csssk tvmr- 

BOARD OF EXAMINERS 

B H. Event, Chairman, Southern New England Telephone Co., 

• N ew_Haven,Conn. H ^ d Goodwin , F. ^.Magalhaes.^ 

W. I. Slichter. 

Erich Hausmann, , 

Charles D- Knight, # 

SECTIONS COMMITTEE .. 

W. B. Kouwenhoven, Chairman, Jotos^kins Univer^ty, Baft^ore, M • 

J. L. Beaver, D- M- Simons, - 

P"hairmen of Sections, ex-officio , • ______ 

COMMITTEE ON STUDENT BRANCHES 
J. L. Beaver, Chairman, Lehigh University, Bethiehem^^ | imbie> 
t.E.Mag|sson, 

Student Branch Couselorns, ex-officto. 

MEMBERSHIP COMMITTEE 

E. B. Merriam, Chairman General Electric Co., Sc " ad ^ rteilseni . 

R. B.Bonney, t J RGeorge L. J. Stacy, 

§■ §• g 0 X n ’ M B. Hastings, George J. Yundt. 

E. S. Code, George M. Keenan, 

<—■?.—issksstsss* , K T 

LAW COMMITTEE 

c O. Bickelhaupt, Chairman, Southern Bell Telephone & 

H T ^ e fa^es C Jr. IB. Merriam *. ^ Sliohter - 

H. H. Barnes, jr , r. p. Schuchardt, 

PUBLIC POLICY COMMITTEE 
H. W. Buck, Chairman, 49 Wall Street, New York, . 

? an B°J D ew“i, • Iroiiarn" McClellan, Harris J. Ryan- 

STANDARDS COMMITTEE 

J. F. Meyer, Chairman, Bureau of Standards, Warfiington, • • 

H. E. Fairer, Secretary, 33 W- 39tli bt. iNew c E . Skmner, 

H. A. Kidder, H. S. W. I- Slichter, 

A. M. MacCutcheon, f- E- Rhodes, R. H. Tapscott, 

F.D. Newbury, . 

SSIS % - 

President of U. S7 National Committee of I. B. C. 








Sept. 1927 


C. C. Chesney, 
N. A. Carle, 
George Gibbs, 
John W. Howell, 
E. B. Craft, 


EDISON MEDA* COMMITTEE 

Appointed by the President for term of five yeafs. 

. (Terms expire July 31, 1928) 

Robert A. Millikan, M. I Pnnir. 

(Terms expire July 31, 1929) P ’ Chairman > 

(Terms'expinf July 31, 1930) ^ ^ LiA ' 
(Terms U e 1 X pfre' 1 July 31, 1931) Ralph D ' Mershon. 

(&& S°jX’31, 1932) DavW B ’ Rush — 
#aul M. Lincoln, C. E. Skinner. 

Elected by the Board of Directors from its own membership If * 

R r T - (Terms expire July 31, 1928)* M ^ ° f tW ° years ' 

B. G. Jamieson, H. A. Kidder, q t v- a. 

TTp'r- expire July 31, 1929) * ght ' 

H. P. Liversidge, E. B. Meyer, • I. E. Moultrop. 

•D - , , . ^ Ex-0ffi,ci0 

.Bancroft Gherardi, President, Georec A FToniJW xt' ^ , J? 

. P. L. Hutthinson, Nalfontl SSSta^ Treasurer - 

co-ox 

°:“cOMM1 TTE? o/awXrdTf 

H. P. Charlgworth, Chamman, 195-Broadway^New Yor£ 

w.!. IS I S?L°4 

T p j, Fr 7; B coMM rTTEE - 0 %^ c - c “- 
p^;^ ck p n A Chairman ' 130 E - 15th st? 


INSTITUTE AND RELATED ACTIVITIES 


979 


T R r ■ u ^ INSTRUMENTS AND MEASUREMENTS 
O.J.'bSs 8 ' Cha ' rma “- Geneva Electrie Co., Schenectady, N. Y. 
^M B & f^fed, Wm. J._Mo ? bray, 

B *Bronkf aWf A * E * Knowlton, 

Melville Eastham, E?S Lee° UWenh0Ven ’ 

W. N. Goodwin, jr. E. B. Merriam, 


T. E. Penard, 
R* T. Pierce, 
E- J. Rutan, 

G. A. Sawin, 

H. M. Turner. 


j cMjjv&uu, V_/ 

Philander Betts, 
J* E. Brobst, 

W- J* Canada, 

J* V. B. Duer, 

3U L. Elden, 

J* C.'Forsyth, 


H. B. Gear, 

F* C• Hanker, 

H. W. Leitch, 

M : G. Lloyd, '* 
Wills Maclachlan. 
R* W. E'. "Moore, 


SPECIAL COMMITTEES 


ETY CODES 

(York, N. Y. 

W. T. Morrison, 
R- H. Nexsen, 
Farley Osgood, 
H. R. Sargent, 
W. H. Sawyer, 
H. S. Warren. 


AGP- APPBICATIONS T0 IR °N and STEED PRODUCTION 

A. C." Bunker Chairman ' 12 |® P"?f dian Built, -“g. Cleveland, Ohio. 

E. B. Crosby? n derso °- p - O. Schnure, 

A. C. Cummins, A G Pw”’ J-W. Speer, 

M. Fowler, A. G. Place, G. E. Stoltz, 

$ . T. S. Towle. 

P S M-11 RR0DtJCTI °N AND application of light 

Laboratories, 80th St. 

LM T B^r n ' F.H. Murphy. 

J. R. Cravath, H jr rr.-^^J 13 ’ E. A. Rogers, 

W. T. Dempsey, C*L KirvcuL’ E * Shackelford, 

William Est’y/' £ S." Kg ter, 8" & 

George S. Mefriil, * G. H. Stickney. 

W E Than PL • AP ^ CATI0 ^ TO MARINE WORK 

' New York N Y^’ West ^ hcmse E * &• M. Co., 150 Broadway, 

R?A^Beekman, 1" lefev T Wm. H. Reed, 

H-C.Coieman, J. B. Luns$'J?* Southgate. 

SsJa-ri^e, 

G. A. Pierce, J. L . Wilson, 

R. L. Witham. 


• L.T'fe E. W. Rice, Jr. 

ADVISORY COMMITTEE TO THE MUSEUMS OF THE PEACEFUL ARTS 

J- P- Jackson, Chairman, 130 E. 15th Street, New York, N. Y RTS 

Randolph H. Nexsen, George K. Thompson. 

technical committees 


w* >1- '-/vj.csuian, 

E- M. Glasgow, 

£*■• Franklin Harvey, Jr., 

Wm. Hetherington, Jr. 

EL. L. Hibbard, 

W H r APPLICATIONS TO MINING WORK 

P."N.'Boss S on r ; Cha,rman -Madeira Hill & Co., Frackville, Pa. 

. Graham Bright, Carl Lee 561 *’ W. F. Schwedes, 

pr^dy, f/w-Tr? 

R L - Kl “' kSfands J C- P B W «ar, 


Caesar Antonioiio, 
C. A. Butcher, 

, M. S. Coover, 
W.P. Hammond, 
P. E. Hart, 


A M Ma„r , u FUNERAL POWER APPLICATIONS 

t H ."° n - Chai R a S’ Hi Ivanhoe Road - Ohio 


, * iiaxevu.CAjJUicl, r, 

E. W. Seeger, 

W. R. Smith, Jr., 

E. C. Stone, 

L. J. Turley, 

F. Zogbaum. 


vowjju Hellenthal, 
b. J. Lisberger, 

G- H. Middlemiss, 

W. H. Millan, 

O. Naef, 

f nTw ■Y^^'N 0 ^™ 311 - W -S™“™? C Tdegraph Co., 195 Broadway, 

D. H. Gage, 

S. P. Grace, 

P. J. Howe, 

F. H. Kroger, 

R. H. Manson, 

R. D. Parker, 

S. R. Parker, 

H. S. Phelps, 


LT rr * 

X: M' Braymer, 
C.^. Drake, 

J* F. Gaskill, 

Harry Grant, 

Clyde IL Gray, 

C. Francis Harding, 
E. W. Henderson, 
H. D. James, 


P- C. Jones, 

G. A. Kositzky, 
A. C. Lanier, 
Austin Lloyd, 

W. S. Maddocks, 
N. L. Mortensen, 
K. A. Pauly, 


F. L. Baer, 

G. R. Benjamin, 

H- P- Charlesworth, 

L:^ c c h rub e r an ' 

J. L. Clarke, • 
C. E. Davies, 

R. D. Evans, • 

E. H. Everit, 


p A/r T . , EDUCATION 

c; A .A* Cha,rman - F g k gcS, Corne11 Uni TS'i^; a - N - Y - 


F. A. Raymond, 
Chester W. Rice, 
C. A- Robinson, 
L K. Roosevelt, 
H. A. Shepard, 

J- F. Skirrow, 

H- M. Turner, 

K. L. Wilkinson,, 
F. A. Wolff. 


POWER GENERATION 


D. M. Petty, 

H. W. Price, 

H. L. Smith, 

A. H. Stebbins, 

E. C. Stone, 

W. H. Timbie, 

F. M. Weller, 
W. C. Yates. 


f W ■ 59th Street ’ New York - N- Y. 


Vern E. Alden, 

F. A. Allner, 

Robert Baker, 

§' P rand on, 
Paul M. Downing, 
James H. Ferry, 

C. F. Hirshfeld, 
Francis Hodgkinson, 


H. A. Kidder, 

G. L. Knight; 

W. H. Lawrence, 
W*. S. Lee, 

F. T. Leilich, 

James Lyman, 
William McClellan, 
W. E. Mitchell, 


T. E. Moultrop, 
Mawon Penn, 

P- A. Scheiler, 

W. F. Sims, 

M. L. Sindeband, 
A. R. Smith, 

T. H. Soren, 
William M. White. 


John Mills, 

H. H. Norris, 
Harold Pender, 


Edward Bennett, 

Nelson J. Darling, 

R. E. Doherty, 

W. C. L. Eglin, 

ELECTRICAL MACHINERY 

S' A. AdlST Chairman - E1 “- & Mf S- fo, B-S JXtotort, Pa. 


R- W. Sorensen, 

J. B. Whitehead, 
W. R. Whitney, 
W. E. Wickenden. 


POWER TRANSMISSION AND DISTRIBUTION 

^F^h VorVN.y. 


W. J. Foster,’ 
H. M. Hobart, 
B. G. Jamieson, 
A. H. Kehoe, 


Y ’ -^LLLsourgn, . 

A- M- MacCutcheon, 
V. M.’ Montsinger, 

J- C. Parker, 

E. C. Stone, 

R. B. Williamson. 


C. A. Adams, 

P. L. Alger, 

B. F. Bailey, 

B. L. Barns, 

W. M. Dann, 

ELECTRIC WELDING 

Cleve!an!L , (Sn'o 1 . rman ’ LinC ° ln EleCtric C °' > Coit R » oad & Kirb y Ave., 

P. P." Alexarfder, o! H". Es?hhorz ard ’ fmest Lutm, 

C. W. Bates w vr ^ scnnolz - J- W. Owens, 

Ernest Bauer, H. M. iloblft' Wdtom Spraragen, 

A. M. Canrlv n t tt i i n ' W * Tobey, 

am. candy, Ci L. fplen®' Ernest Wanamaker 

ELECTROCHEMISTRY AND ELECTROMETALLURGY 

Lawrenoe^dd^t^ “f T' L& 

f: C.'At n ch!s r on?' ^. A E. J Ho^n g | rald ’ , 

SaffordSc.^CoIby- 8". 8". ferberg, J." t 

ELECTROPHYSICS 

a KB^ckley Chairman ’ Cornell University, Ithaca, N. Y 


K. E. Argersinger, 
RfiW. Atkinson, 
P-^H. Chase, 

W. S-. Clark, 

R. N. Conwell, 

M. T. Crawford, 
W- A. Del Mar, 

H. H. Dewey, 

L. L. Elden, 

F. M. Farmer, 

• Harland C. Forbes, 


C. L. Fortescue, 

C D. Gibbs, 

C. D. Gray, 

K. A. Hawley, 

J- P. Jollyman, 

A- H. Kehoe, 

A. H. Lawton, 

D. W. Roper, 

A. E. Silver, 

M. L. Sindeband, 

PROTECTIVE DEVICES 


P. Sporn, 

E. C. Stone, 

R- H. Tapscott, 

P* H. Thomas, 

W. K. Vanderpoel, 
Theodore Varnev. 
H. L. Wallau, 

H. S. Warren, 

F. R. Weller, 

R- j. C. Wood, 

H. R. Woodrow. 


S' h ^ unt » Chairman, Turners Falls Power & Electric Co 

R. E. Argersinger, F. C. Hanker. ur J ^^ nfield ' Mass - 


R- E. Argersinger, 
A. C. Cummins, 
H. W. Drake, 

W. S. Edsall, 

L. E. Frost, 

James S. Hagan, 
Herman Halperin, 


F. C. Hanker, 

E. A. Hester, 

J. Allen Johnson, 
R* E. Kingsland, 
M. G. Lloyd, 

K. B. McEaqhron, 


W. H. Millan, 

R. C. Muir, 

J. M. Oliver, ; 

A. H. Schirmer, 

H. P. Sleeper, 

H. R. Summe?hayes, 
A. H. Sweetnam. 


0. E. Buckley, 

V. Bush, 

R M. Clark, 

W. D. Coolidge, 
W. F. Davidson, 


h E * Douglas, R. A. Millikan, 

a h Fortescue, C. A. Nickle, 

A. Hund, T. Slenian 

Gart Kinsley, Irving B. Smith, 

K." B." MSrt™' J ' B ' Whiteh -<i- 

Liaison Representatives of American Physical Society 
W. F. J. Swann, A. P. Willis. 


RESEARCH 

H. D. Arnold 1 '"’ Chair “ a «. ^^ 0 ? s e 0 C n triC Co - PittS | el 4 ^ SS ’ T 

YBu'sh B “ nett ’ I' f D. W. Ro^^'’ 

E. H. Colpifts q'M'¥ ?n f eUr ’ C. H. Sharp, 

W. F. Davidson, M. g’ Lloyd 6 ""’ p' w ^’ nner ’ 

W. A Del Mar n R. W. Sorensen, 

A. Del Mar, C. E. Magnusson, J. B. Whitehead. 


TRANSPORTATION 


|e|e||Sk8f rman ’ P rfeter Railr0ad ’ "‘^^^torer 

w. K. Howe, W h S ^^ray R : J 1 * J^dersiuis, 

D.C. Jackson, W. B. Potter* Sidne^WdihTngton"’ 


/ 
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A. I. E. E. Representatives 

* AMERICAN ASSOCIATION FOR^TTO^ADVANCEMENT OF SCIENCE 

M X- Pupin, Cano Dunn-, 48 

AMERICAN BUREAU OF WELDING 

H. M. Hobart. 

AMERICAN COMMITTEE ON ELECTROLYSIS 

, N A Carle F- N. Waterman. 

B. J -. mo ^ merica j t ENGINEE ring COUNCIL ASSEMBLY 

life. |i|f fc . 

!&■ ms* mm- 

4 M "EC™mEraG STANDARDS COMMITTEE 

H- M- Hobart, 0sboniei joh/cSker, L. T. Robinson, Alternates. 

* AMERICAN MARINE STANDARDS 

COMMITTEE 
* R. A- Beekman, 

AMERICAN YEAR BOOK, ADVISORY BOARD 

Edward Caldwell 

BancrofMTbemwiF ^TEES U^ E^NEEiaN^SOC^ ' 

CHABXESA. COFFIN FELLOWSHIP AND RESEARCH FUND . 
COMMITTEE 

Bancroft Gherardi 

COMMITTEE OF APPARATUS MAKERS AND USERS, 
NATIONAL RESEARCH COUNCIL 

C. E. Skinner 

COMMITTEE O^EMMINATON^y^GUE, SOCIETY OF 

C- Francis Hardmg 

ENGINEERING FOUNDATION BOARD 

Gano Dunn, L. B. Stillwell. 

JOHN FRITZ MEDAL BOARD OF AWARD . 

C. C. Chesney, Gano Dunn, M. I- Pupm, 

Farley Osgood. 


INSTITUTE AND RELATED ACTIVITIES 


Journal A. I. E. E. 




JOINT COMMITTEE ON WELDED RAIL JOINTS 
D D Ewing, A. P. Way. 

JOINT CONFERENCE COMMITTEE OF FOUNDER SOCIETIES 
• The Presidents and Secretaries, ex-officio. 

LIBRARY BOARD OF UNITED ENGINEERING SOCIETY 
Edward D. Adams, F. L. Hutchinson, W. B . 

E ' National fire pROTECTHW^ssodATioN, electrical 

J. P. Jackson * 

national fire waste qouncil 

J. P. Jackson 

THE NEWCOMEN SOCIETY 

E. B. Craft 

RADIO ADVISORY COMMITTEE, BUREAU OF STANDARDS 

A. E. Kennedy. 

societ y o F a or 

Gano Dunn, Frank B. Jewett. 

n S NATIONAL COMMITTEE OF THE INTERNATIONAL 

u. s. nationa^^^^j^ C0MMISSI ot 

a -p Kennellv C. 0. Mailloux, Clayton H.,Sharp. 

A. E. Kenn £ COMMITTEE OF THE INTERNATIONAL 

u. s. national t com e m^ h?cal COMMIS sion 


C. A Adams, 

L. W. Chubb, 

W. A. Del Mar, 

Gano Dunn, 

B. Gherardi, 

H. M- Hobart, 

D. C. Jackson, 

F. B. Jewett, 

A. E. Kennedy, . •• 
H. A. Kidder, (ex-officio) 


John W.*Lieb, 

F. V. Magalhaes, 

C. 0. Mailloux, 

A. S. McAllister, 

William McClellan, _ 

J, F. Meyer, ex-officio 
F. D. Newbury, 

H. S- Osborne, 

Farley Osgood, 

jx-ojhgiu> F. W. Peek, Jr., -- T 

WASHINGTON AWARD, COMMISSION OF 

L.-A. Ferguson, Charles F. Scott.' 


E. W. Rice, Jr., 

L. T. Robinson, 
D. W. Roper, 
Ch 2 #*es F. Scott, 
C. H..Sharp, 

C. E. Skinner, 

N. W. Storer, 
John B. Taylor, 
Elihu Thomson, 
R. B- Williamson- 


LIST OF SECTIONS 


Name'. 


■ Chairman 


Secretary 


Name 


Chairman • 


Secretary 


Akron 

Atlanta 

Baltimore 

Boston. 

Chicago 

Cincinnati . v ^ 

Cleveland ' 

: : Columbus / 
Connecticut 
Denver : ■ 

''' Detroit-Ann Arbor ■ ; 
Erie 

Fort Wayne , . . 

Indianapolls-Lafayette 
Ithaca 
Kansas City 
Lehigh Valley 

Los Angeles 
Louisville 

/Si; : ' r ;.m : 

Lynn 

Madison r 

Mexico 

^Milwaukee 

Minnesota 
Nebraska 
New York 
Niagara Frontier 
Oklahoma 


A. L- Richmond 
C. E. Bennett 
W.B.Kouwenhoven 

E. W. Davis 

B. E. Ward 
R. C. Fryer 
A. M. Lloyd 

F. C. Nesbitt 
A* E. Knowlton 
A L Jones 

F. H. Riddle 

L. H. Curtis 
P. O. Noble 
J. B. Bailey 

R. F. Chamberlain 

S. M. DeCamp 

M. R. Woodward 

L. C. Williams 
D. C. Jackson, Jr. 
W T . F. Dawson 
J. T. Rood 

Carlos Macias 

John D. Ball 

J. E. Sumpter 

N. W. Kingsley 
L. W. W. Morrow 
L. E. Imlay 
Edwin Kurtz 


W. A. Hillebrand, Ohio Insulator 
Co., Akron, Ohio 

W. F. Oliver, Box 2211, Atlanta, 
Ga. 

R. T. Greer, Madison St. Building, 
Baltimore, Md. 

W. H. Colburn, 39 Boylston St., 
Boston, Mass. 

L. J. Vanhalanger, Conway Build¬ 
ing, Chicago, Ill. _ 

Leo Dorfman, Westinghou.se Elec. 

& Mfg. Co., Cincinnati, Ohio 

E. W. Henderson, 1088 Ivanhoe 
Road, Cleveland, Ohio 

W. E. Metzger, Interurban Termi¬ 
nal Bldg., Columbus, Ohio 

R. G. Warner, Yale University, 
New Haven, Conn. 

R. B. Bonney,. Telephone Bldg., 
P. 0. Box 960, Denver, Colo. 

Prof. A. H. Lovell, University of 
Michigan. Ann Arbor, Mich. A 

C. P..Yoder. Erie County Ekf. 
Co., Erie, Pa. 

F. W. Merrill, GeneraljElec. Co., 
Fort Wayne, Ind. 

C. A. Fay, 4206 Cornelius Ave., 
Indianapolis, Ind. 

H. H, Race, Cornell University, 
Ithaca, N. Y. 

B. J. George, Kansas City Pr. & 
Lt. Co., Kansas City, Mo. 

G. W. Brooks, Pennsylvania Pr. 
& Lt. Co., 8 th & Hamilton Sts., 
Allentown, Pa. 

H. L. Caldwell, Bureau of Light & 
Power, Los Angeles, Cal. 

W. C. White, Southern Bell Tel. & 
Tel. Co., Louisville, Ky. 

V. R. Holmgren, Gen. Elec. Co., 
Bldg. 64 G, Lynn, Mass. 

H. J. Hunt, D. W. Mead and 
C. V. Seastone, State Journal 
Bldg., Madison, Wis. 

G. Solis-Payan, Ave. Portales 89, 
General Anaya, Mexico, D. F.» 
Mexico 

Wm. J. Ladwig, Wisconsin Tel. 
Co., 418 Broadway, Milwaukee, 
Wis. 

Gilbert Cooley, Rice & Atwater, 
St. Paul, Minn. 

Roy Hagen, General Electric Co., 
Omaha, Nebraska 

J. B. Bassett, General Elec. Co., 
120 Broadway, New York, N. Y. 

E. P. Harder, 205 Electric Build¬ 
ing, Buffalo, N. Y. 

C. C. Stewart, Okla. Gas & Elec. 
Co., Norman, Okla. 


Panama 

Philadelphia 


L. W. Parsons 


I. F. Mcllherw, Box 413, Balboa 


Pittsburgh 

W. C. Goodwin 

Pittsfield 

H. O. Stephens 

Portland, Ore 

. J. E. Yates 

Providence 

F. N. Tompkins 

Rochester ® 

R. D. De Wolf 

St. Louis 

L. F. Woolston 

San Francisco 

W. L. Winter 

Saskatchewan 

J. D. Peters 

Schenectady 

T. A Worcester 

Seattle 

C. R. Wallis 

Sharon 

L. H. Hill 

Southern Virginia 

W. S. Rodman 

Spokane 

Richard McKay 


Springfield, Mass. 
Syracuse 
Toledo 
Toronto 

Urbana 

Utah 

Vancouver 
Washington, D. C. 
Worcester 
Total 52 


Heights, C. 

I. M. Stein R. H. Silbert, 2301 Market St., 

* Philadelphia, Pa. 

H. E. Dyche, University of Pitts¬ 
burgh, Pittsburgh, Pa. 

F. R. Finch, general Electric 
Co., Pittsfield, Mass. 

L. M. Moyer, General Electric 
Co., Portland, Ore. , 

F. W. Smith, Blackstone Valley 
Gas & Blectrjc Co., Pawtucket, 

C. C. Eckhardt, Igjad Condenser 
& Mfg. Co.,26 Ave. D, Rochester, 
N. Y. 

L. P. Van ITouten, 2670 Washing¬ 
ton Boulevard, St. Louis, Mo. 

A. G. Jones, 807 Rialto Bldg., San 
Francisco, Calif. 

W. P. Brattle, Dept, of Tele¬ 
phones, Telephone Bldg., Re¬ 
gina, Sask., Canada 
R. F. Franklin, Room 301, Bldg. 
No. 41, General Elec. Co., 
Schenectady, N. Y. 

Ray Rader, Puget Sound Pr. & 
Lt. Co., Seattle, Wash- 
H. B. West, Westinghouse Elec. 

& Mfg. Co , Sharon, Pa. 

J. H. Berry, 1338 Rockbridge 
Ave., Norfolk, Va. 

James B. Fisken; Washington 
Water Power Co., Lincoln & 
Trent, Spokane, Wash. 

C. A. M. Weber B. V. K. French, American Bosch 
Magneto Co., Springfield, Mass. 

C. E. Dorr F. E. Verdin, 615 City Bank Bldg., 

Syracuse, N. Y. 

T. J. Nolan Max Neuber, 1257 Fernwood Ave., 

To edo, Ohio 

C. E. Sisson F. F. Ambuhl, Toronto Hydro- 

Elec. System, 226 Yonge St., 
Toronto, Ont., Canada 

J.‘ O. Kraehenbuehl J. K. Tuthill, 106 Transportation 
Bldg., University of Illinois, 
Urbana, Ill. 

Daniel L. Brundige G. B. Shipp,: General Electric Co., 
Salt Lake City, Utah 

A. C. R. Yuill J. Teasdale, British Columbia 

Elec. Railway Co., Vancouver, 
B. C., Canada 

M. G. Lloyd H. E. Bradley, Potomac Elec. 

Pr. Co., 14th & C Sts., N. W., 
Washington, D. C. 

Guy F. Woodward F. B. Crosby, Morgan Construc¬ 
tion Co., 15 Belmont St., Wor¬ 
cester, Mass. 
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f M “ ni , ci P a l University of, Akron, Ohio 
Alabama .Polytechnic Institute, Auburn Ala’. 

frfr n a ^ a ’iT lr “ ,Ver ? ty ?*’ diversity, Ala. . ...* 

Arizona, University of, Tucson, Ariz.. . 

Arkansas, University of, Fayetteville Ark.. 

%:::::: 

Bucknell University, Le wisburg, Pa mngston bt -, Brooklyn, N. Y.... 

CallfornTfl Ttioli+iifo ^ '■pv_i_ . . 


cXhnfiSn 01 - ° f AfPHed Science, Cleveland? Ohio.'. 

Catholic University of America, Washington n r. . . 

Claris V, nivers j ty ° f > Cincinnati, 0 ? .^ ° . *■ 

Clarkson College of Technology, Potsdam NT * v ’ ’ *' * ’ *.?«■... 

riw!? 1 A T ? ri . cultu J al College, Clemson‘Collets . . 

Colorado, University of, Boulder,'*Colo g ’ °. 

Colorado State Agricultural College, Fort Coifing* r V *--• •. --- 

Cooper Union, New York N y s ’ rort Collins, Colo....j 

Denver, University of, Denver, Colo .*. 

Drexel Institute, Philadelphia, Pa .. 

Duke University, Durham, N. C. ’ ’ ” .... 

SJSt?’ diversity of, Gainesville, Fla *... 

Georgia School of Xechnolovv Atl'in+n rC . 

Idaho University of, Moscow^ Idah? ’ Ga . . ii :; i 

Iowa, State University of, Iowa Citv .. 

Kansas State College, Manhattan, Kansas . 

Kansas, Umversity of, Lawrence Kan? . 

£*&»«« CoUege, Easton Pa* ' Ky ..fr.’ 

::::::::. 

Jfcfef?? S 4 a t e College, East Lansing M?r? bndge ’ Mass " 


LIST OF BRANCHES 

_ —Ghairman 


g«#»wiusens institute of TechnoWv r- Hi • T f J- VV1S . 

Ml Coliege,'7 

South Dakota State School Sf^Sn Clar £’ Galif.. * * * ‘ * * *. 



.£-&Uelagrange 

. £' ^^Lynch 

.Sewell St. John 

.Gary Mitchell 

.Carroll Walsh 

--fe.J: Anderson ■ 

..... Wilham Berger 
..... G. B. Timm 
V * * * J* G' Thatcher 

• ... .A. G. Montin 
.R* A. Giles 

. .... G. J. Currie 

.b-Sharks 

.S* ^. Taylor 

.H-J. Myrback 

■-L, R. Miller 

■ • . - J. A. Setter 
.... Harold Groat 
-5* X* Reynolds 

•. .. W. M. McGraw 
.... R. G. Elliott 
-mi, G ‘ Baumgartner 

• * • * f beo. Van Law 
■.. .A. M. Young 
.... Claire Williamson 

-R. W. Spicer 

.... Herbert Heinrich 

• • • H. C. Towle, Jr. 

. .. L. F. Masonick 

• • - R- C. Alley 
•••R*R. Scott 

‘ ’ 4 4tV , Adriansen 
•••W. M. Hall 

■ "R- F. Hunt 

.. . L. J. VanTuyl 

• • - Joseph Havlick 

• •. G. C Brown 

• *■§• M* Staunton 

• * B. bchooley 

" • TO ?' Pakal ® % 

• ■ • W.'A. Van Wie * 

• • K. K. Knopf 
..E.S.Bush 

• • o. S. Appleton 

..:.'H. S !f h Heftf ger 
> • - • J* C. Davis 
' “ ’ r., % Holshouser 

• • - Alfred Botten 
... L. S. Smith 

• • • C. Davis 

■ • • J°ba Simmons 
’ * * A; B • Crawford 

• -. Clarence Kelch 

• • • Benny Fonts 

• . • Dick Mason 

• • • J- D. Hertz 

• * • G_ a rl Dannerth 

’ ' * Hamilton 

• • • M« G. Jarrett 

• •. John Reine 

" ' Bindstrom 
••W.F.Hess 

- * jS‘ R* Easterbrooks 

• • tJ- L. Fenner 

- .N. A. Kiet 

• •R. P. O’Brien 

D. A. White 


Swarthmore'colfege ^Swa't'h 0 ^ 7 ’Hoboken ,N 
, Syracuse uKSg 1 **■■- . 
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uiah!;;;;;..: 

• : ••••'•' '••••::: 

fWask-.::;::;; r:::•' 
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• Stanle| Boegler 

• Gilbert Dunstan 
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. .. I. L. Smith 
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■ • • Jo hn Hicks 

. . .Wm. W. Parker 


Secretary 


?• y <? ie v ? ai1 

f- H. bandhn 
J. M. Cardwell, Jr. 

4? 1C rr y A? liarpe 
W.H.Mann,Jr. 
t ‘ T *, Hahlgren 
Joseph Heller 
A. C. Urffer 
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R-Tv Montin 
J* R- Britton 

|s.-Da^ r Jr . 
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J. U. Wilson 
R- B). Palmer 
virir ar 4 bteinmetz 
Wilfred Henschel 
L. L. Booth 
G- J* Backman 
t 1 . A. Bevacqua * 
A. C. Dean 
F. L. Kaestle 
R-B. Peterson 
X B- .C|pil 
Hartman 
John Yost 

D. M. Black 

£' -G.* MpClanahan 
Daniel Paul 
W \?• Goodale, Jr. 

- G. M. Berg 
W. S. Marks 

E. W. Jones 

S. W. Luther 
W. E. Reiqhle 
H. F. Brundage 
G- C- Hawkins 

B. W. Robins 
^ • J - Gregory 
W. D. Johnson 
J. A. Thaler 
Keith Davis 

9 Clark Amens 

C. H. Clarendon, Jr. 
H. B. Rose 

* A H. Rapport 
Henry Och 
T- O. Farmer ‘ 

W. C. Burnett 
Nets Anderson 
C. S. Porter’ 

C. H. Schamel 
Verl Jenkins 
B. G, Stewart 
G- R. Smith 
Jerry Robertson 
b. Hannon 
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W. J. Gorman 
br R. Warren, Jr. 

L>. P. Mitchell 
J* McN. Myers 
H. A. Hartley 

B. S. Morehouse 
Charles Miller- ; 

Hamraerlin ^ 

J. Js. Conover 

C. E. Newton 
Harold Eade . 

B. E. Crowell 
Osborne Hatch / 

T. L. Lenzen 

G- E. Witham 

TP'Ha“ khauS . 

B. M. Gallaher 
J. L. Pratt - 
■ G. E. Schade ■ ' ' 

Junior Pettersof? 

F. Barkus 
M* B. CogbiU 
H. M e Roth ► 

B. G. Peters 

J. G. Mazanec, Jr. 

Arthur Peterson 

p e E nar D d aS ePP 

Beonard Shari 

C. H. Kauke 
Bdward Joslin 
J. W. Hinkley 


Counselor 

.Member o f Faculty) 

J-T. Walt her 
W. W. Hill 

J. C. Clark 
W' B. Stelzner 
L>. p. Moreton 
Robin Beach 
JJG B? Rhodes 

R. W. Sorensen 
T- C. McFarland 
B* C. Dennison 
H. B. Dates 

w.J.^a?k aush 

A* R. Powers 

S. R. Rhodes 
W. C. DuVall 
H. G. Jordan 
N. L. Towle 

R* B* Nyswander 
H* U. Lange 
W- J. Seeley 
% M. Weil 
b B. Hannaford 
. H. Johnson 
J • A. Fish , 

A. H. Ford 
R. G. Kloeffler 
G. C. Shaad 
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Morland King 
J. L. Beaver 
R; A. Rogers 
M- B. Voorhies 

Tp’ w* S arro 1 ws * Jr* 

LV^H-Douglas 
W. H. Timbie 
B. S. Foltz 
B. F. Bailey 
John D. Ball 
H. Kuhlmann 
B*_B- Patterson 
B H. Lovett 
M. P. Weinbach 
J- A^ Thaler 

F. W. Norris 
S. G. Palmer 
J- C. Peet 

L. W. Hitchcock 
Harry Baum, 

J- Loring Arnold 

G. C. Cox 

P. H. Daggett 
D. R. Jenkins 
Wm. L. Smith 
J. A. Caparo 
B‘ S Campbell 
R• C- Caldwell 
A A : Atkinson 
Edwin Kurtz 
F. G. Tappan 

F. O. McMillan 
B' ^ Baggett 

G. D. Fawcett 
H- E. Dyche 
Malcolm MacLaren 

Wm. Anderson 

p;|;fhZX y n r 

D.. W. Griswold 
J* O- Hammerman l; 

B- B. Brackett 
R- S. Biegler 
T. H. Morgan 
F- C. Stockwell 
Lewis Fussell 

G. W. Henderson 
, C. A. Perkins 

C. C. Yates 
J. A. Correll 
J. F. Merrill 
S. '.Anderson 
Claudius Lee 
W. S. Rodman 
R. D. Sloan 

H. G. Hake 
G. L. Hoard 

C. M. Jansky 
?■ A * Maxfield 
G. H. Sechrist 
C. F. Scott 
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INSTITUTE AND RELATED ACTIVITIES 




DIGEST OF CURRENT INDUSTRIAL NEWS 


The Marini Wire Company, Muskeion, Michigan, 

manufacturers of magnet wire, has announced that contracts 
have been let for a branch factory# containing about 25,000 
square feet floor space, to be constructed at Anderson, Indiana. 
Executive offices will be maintained at Muskegon. 

TJie Delta-Star Electric Company, Chicago, has purchased 
the Electric Connector Company of Minneapolis, manufacturers 
of solderless rigid stud compression 
nectors will now be made in t— 
greatly extended. 

Ho O. Swoboda, Inc. 
represent 

Wis., manufacturers 
and other purposes, 


NEW CATALOGUES AND OTHER PUBLICATIONS 

Mailed to interested readers by issuing companies 

Recording Ammeters.— Catalog 1502, ammeter section, 

28 pp. Describes the Bristol line of recording ammeters fCr a 
wide variety of applications. The Bristol Company, Waterbury, 

Conn. 

Switching and Protective Equipment.— Bulletin 32-B, 

48 pp. Devoted to high-tension disconnecting switches, fuse 
mountings and choke coils. Delta-Star Electric Company, 

2400 Block, Fulton Street, Chicago, Ill. 

Static Condensers. —Bulletin 20286A. Describes static 
condensers for power factor correction on motor circuits, and 
contains descriptions and illustrations of the various types of 
condensers, Westinghouse Electric & Manufacturing Company, - 

East Pittsburgh. Additional Compensation to G-E Workers. 

Electric Si£n, Poster Panel and Bulletin Li^htin^. —Bui- Electric sl __ x _ 

letin LD 131B, 36 pp. Illustrations show interesting applica- was distributed in 
tions of electric lighting to advertising signs. Li^htin^ for 

the Modern Store.— Bulletin LD 132B, 44 pp. Describes of the company for five' ye^rs 
o rwi fUn Aorreot illuminating principles for stores. Edison 


l connectors. These con- 
the Chicago factory and the lines 

___ ^ Pittsburgh, announce that they will 

the Heavi Duty Electric Company of Milwaukee, 
of electric furnaces for industrial, laboratory 
___^ ^ and are prepared t<? furnish complete in¬ 
formation and engineering advice pertaining to this line. 

__ ~ ’ i.—General 

supplementary compensation totalling $1,403,723.14 

__August to 31,436 factory apd office employees 

of the General Electric Company who have been in the employ 
of the company for five' ye^rs or more. Payments represent 
five per cent of the employees’ earnings for six months ending 
June 30, 1927 and were made in bonds or cash, as the employee 
desired. 

New Portable Watthour Meter.— A new type OB portable 
watthour meter has recently been placed on the market by the 
Westinghouse Company for which several advantages are 
claimed, the outstanding one being the compensation for tem¬ 
perature errors at both unity power factor and low power factor. 
This compensation is inherently permanent for both the electro¬ 
magnets and the permanent magnets and does not depend on the 
movement of mechanical parts wvth the variation in temperature. 
Superior accuracy is obtained along with a decrease in size and 
weight. These latter features are important <w>nsiderations in 
-Bulletin 300, Supple- a portable meter, especially where a great many meters are to be 
Leter, a small, compact tested at widely separated points. The micrometer adjustments 
pabity from .5 ohm to have been simplified and the electronfagnets are of the one piece 
o described, is new and OB type. A* zero reset is provided by which both pointers can 
ig a small and reliable foe set on zero. Potential settings are changed by means of a 
te resistance measure- small switch, and three current binding posts are used, so that the 
Place, New York. meter may be connected for either 1 or 10 ampere capacity, 

j for Compressors.— C. M. & St. P. Electrified to Seattle.— With the opening of 
[feet Recommendations a ten-mile extension to the western terminal of the . Chicago, 
on Ideal Synchronous Milwaukee & St. Paul Railroad, Seattle is now a terminal of the 
the first time graphic longest electrified railroad in the world. In recognition of this 
dation between current event, the mayor of Seattle, Mrs. Bertha K. Landes, piloted the 
a and CO 2 compressors 260-ton electric locomotive hauling the first train into Seattle 
The Ideal Electric & from Black River Junction, where it formerly had been necessary 
io. to change to a steam-driven locomotive. 

ts.— Bulletin 14. De- All trains, including the two through passenger trains, the 
mt transformers. It is Olympian and Columbian, as well as the Ranier Park Special 
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Election of Officers 
of the A. I. E. E. 

in, of 

nomination of office tn h* 5 ^ UII1J nitfee lor the 

SltS ll™ v^I ° f ‘ h f Commi “<* at Institute 
^quarters, New York, not later than November 15 

The seetmne °f the Constitution and By-la^g^ 

mg these matters are quoted below: 

CONSTITUTION 

‘ 

leal district elected w ;+„ representative of each geograph- 

»«!». 'Lent 2 J&ZZTSZJZTT* «*" 

ceediug in number the nnmW f °ard of Directors not ex- 
selected when and as provided if thTi ?? 1 diSt ™ ts; al] to be 

Secretary of the iNSTtTuri shall h fl ts By '* aws; Tte National 

NeminaSny " ““ NKi “"*' 

^iaotat,“:”Si„"o™ te tL 0 'of 6 S 1 ' K 0 S ‘ Bhi “ 1 *««< . 

as vice-president o f that /r * • + « eail didate for election 

office f.™ th ” ™ n ‘ * V “““ r ” “«» ' 

30. The 21, v ’ whenever a vacancy occurs. : 

suggestions and proposals^^^ Slla11 reeeive sueh ( 

may desire to offer such Q 11Wfl oC me: “- ber or group of members 
of the committee. * 10nS em ^ sent ^ secretary ^ 

Dec^W ^ •*? name - or before I 

treasurer and the proper number of°m Candldates for President, o 

in its ticket such candidates for ViTe-PreS ;^^? 1 “ K U<Je e 
named bv the nnmmo+iv, • e -Presidents as have been ^ 

graphical districts *p ^ committees of the respective geo- ^ 

Comnnttee when akd as r nrom e d d^ * he / atioDaI Nominating ir 

National NoS CoS By ' laws: ^wise the & 

-ffidamcforylcc^cnt^^r^oZ^ * 


- _ . Number 10 

Bo^rssShScCw 1 :' 15 v “- 1 *>» 

National Nominating CommittAA d t l^t mberStoserveon tie 

of that committee ofthe™ ^ an< ? sha 1 notify the secretary 
the five members s2Ld and Sia)I a,so n °®y 

Committee shall 

notice of the first meeting of th ° - n °* ^ 6SS tbaD ^ ei1 days’ 
not later than De^Slf^HT'' tee \ whieh sh * U be held 
shall elect a chairman and oWi bis meeting, the committee 

«.™..c for S™ccTm to .Z"*. A” “ k * ,p * 

"awlon. to be ZTto« t ffi. N f, lA" " 

mittee must be received bv N f al dominating Com- 

November 15th The nn I- f • seeretar y of the committee by 

Nominating ComnSeSt^iSt the S" 

of the A. I. E. E. JorawAr at • the January 1S sue 

membership during the month 0 /iTnuaTy d ‘° ^ Institote 

% F. L. Hutchinson, 

m National Secretary 


BY-LAWS 

ssssr**' «” h «•»*»«»> dicZ.™ riirs™; 

>b.t by NoZto/iAb oiT? ‘ h ' °®“ »' bice-presidcat, 

— i - r b ; rsssis; 


~—-—__ _ 

, e Some Leaders 
ii of the A I. E. E. 

C. Chesney, president of the Institute 
t 1926-1927-—and m May 1927 elected one of three new 
1 ^'Presidents of the General Electric Company — 

1 18 a 63 b °He at S ? Im ff°7 e ’ Pennsylvania, October 28 

1 College in lS^amW ^ Penn ¥ vania State 
, ^ ge in 1885 and.for three years thereafter t aimht 
mathematics and chemistry. In 1888 Mr Ghp^noi ^ 
employed by the Wifcu Stanley SatoyTS 
arrmgton, Mass., where he devoted the major portion 

pW S ? me SpecificalIy t0 experimental chemistry and 
electrodynamics. In 1889 he removed, with the Stan 
ley Laboratory to the plant of the U. S. Electric Light- 

Hufjsl, ' lary of ti)e Westinghouse Electric & 
Mfg Co Newark, N. J. The following year he and 
Mr. Stanley returned to Pitfef eld, Maes, i - 

tie Stanley Electric Manufacturing Company to the 
development of alternating-current equipment ’ Manv 

Vo^ulTu “T-* “ * «-wereS 

possible by Mr. Chesney’s own inventions, and his 
company was responsible for the well-known S. K C 
(StanJey, Kelley, Chesney) system, which ^f'the 

Sariof in“a "Z* ‘ 0 ” e ^ int ° 

operation a polyphase transmission plant. One 
although installed in 1893, is still supplying light and • 
power to the towns of Housatonic and Greft BariW 
on, Mass. In 1895, a 12,000-volt plant wa mSed 
for service between LoweU, Mich, and Grand Rapi ds 
and here again the operating success of the alternators 
was due to the specially designed equipment by which 
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Wear Resistance * 
of Gages Studied 

Special tests by the United States Bureau of Stand¬ 
ards to determine the wear of metal used in gages have 
been carried on with considerable difficulty because of 
the wear resistance of different metals and on account 
of many variables encountered in "shop gaging practise. 
It has likewise been exceedingly difficult to secure 
data^which would adequately define the conditions 
under which test gages might haye been used. 

One of the experts at the Bureau recently described a 
laboratory wear tester designed for plug gages. This 
machine which provides for the repeated insertion and 

results in the power house of the Staten Island Electric 1 ° f ve , consista f t results because of the possi- 

Company. They were the first alternators to operate b ^ ° f dosdy COntrollmg the ga § irfg conditions, 
in parallel and to be put in regular commercial service. upplementary and more extended tests have been 
Switchboard instruments, high-voltage arc-breaking made in which test ^ges were used without abrasives, 
devices, frequency indicators, indicating wattmeters, In ste ? 1 ’, aIummum alloy and cast iron containing 

lightning protectors for low-and high-voltage circuits, appreciabIe Proportions of pearlite showing that 

condensers, etc., were among much of other equipment C romium s ^ ee } gages had the highest resistance to 
produced by the Stanley Manufacturing Company wear - Ammonia treated chromium alluminum steel 

in fact thi« nnmr — .. ’ ^as next. These were stated to be vastly superior to 

the remainder of the group. In general file soft steel 
s owed better resistance to wear than corresponding 
steel in the file hard condition. This difference was 
most noticeable in an oil hardening tool steel. 


f 

the high-voltage was generated in the stator element 
, by a revolving rotor. This was the first production 
of a true sine wave voltage. At an early period; 
two-phase a-c. induction motors, electrostatic con¬ 
densers for 500 volts and transformers of 100-light 
capacity were" developed. In the transformer, all 
spaces in the coil were filled with Gilsenite to provide 
for better insulation and heat dissipation. The mqgt 
effective general insulation in use today was developed 
by the Stanley Company 1891-1892, superseding the 
old insulating method of coating with shellac and 
P & B paint. 

In 1893, the belt-driven alternator was successfully 
applied and in 1899, alternators of this design, direct- 

flOof orl f a _* i • i -t n 


in tact this company built the first revolving field type 
of alternators used in America. These were extensively 
applied to large operations upon the Pacific Coast- 
toe longest high-voltage lines then in any section of 
toe world-using from 40,000 to 60,000 volts. Of 
hu company, Mr. Chesney was vice-president and 
chief engineer from 1904 to 1906, when he was chosen 

: lr ngmee , r .f d manager of the Pittsfield works 

ManufS nera E ,S ?CtnC Company by which the Stanley 
Manufacturing Company was absorbed. Under Mr 

Caesneys surervisrinn . _ 


Machinery Versus 
Man Power 

P* Mr - th ^ increase in population since 1914 

service up to 1,000,000 volts Ho»..ri°v +• . Jcorcling to Secretary of Labor, Davis Restrie- 

and mad, it a point at al| timk j : ^ t POSsible *° “"T 


m recognition of hi contribution to the^eld 

th ! InStitUte as ma ™ger 
- , and Sb ' me-president (1908-1910’) m 

is a member nf t-M , . . ° He 


machine turn workers out n 7 when 

ones thatwe rnl?! ? , ° f their old J° bs into new 

disto'eL toTL m mi“ ^ them “ - «— 

cal mSethatS A perfeet1011 of s °me new mechani- 

d«icMy whS^triTto °do d ° ^ 

J men usea t0 ao. In the past six 


- ^ i . , -man to ao bet 

Ih a member of the Soeietv of Ar+o t j ^ Ulc kly what many men used tn dr> t ^ 

also done mnch foe tt ,. Mr ' Ch<sn<! >' »achnZ C 7 j ““f powpr to Wsh-speed productive 

dustrial 00^ 0^“^'^.°' ‘ he Le^thTn^', N °, t . W ^ Hke itla * 

Pittsfield, one of the hr-t , PP d children s home in doing for us’ Who, • ) what is all this machinery 

tation soitools f„ eh i ,^ e rMr 1 ff n,d r Wal ^ abi “- tTtooa Y* *° US? 1 tWnk ^ 

director of v , m Xew England. He is a tu „ “ pause and inquire/' 
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r _ ^ Introduction . 

T HSH SrrTjS X“H"“ 

concentrating upon the steady state or static lirST’ S w°S C1 , rCUlts occurri ng at times of heavy load have 

w:“.d n a“ri:r&r the 

Subsequent analysis and observation* of power obtam mfo ™iation as to just what hap- 

systems indicated that their behavior during transients ** . d , on thls system under these abnormal conditions 
waf ffn th0Se CaUS6d by short circuits an d switching’ S®£ ^ ecord “ g instruments were furnished by the 

c^ectLTwiTS 

iis v:s: “ lts effect “ pon the system hw b “ n 

SsSt ”b? lpCa T ^^‘“ S The do” 6 which haTbeenS“‘ 

greement between the results of the test and calcula- 1925 ‘ Athough the details of the disturbance** 

ions indicated that any specific condition on a given countered wi ll undoubtedly be different on other 

gstem can be analyzed mathematically with a reason- systems 1,1 differ ™ t localities, yet there will be points in 

icordtdy °L !my ’ ” d «» denned S£ ^ ^ ° f to be met wS 

■fra ^ y ‘ However, to obtain the over-all ner- fi. nahly be of at least the same order on all s vs terns and 

_rmaneeo a system;, it is necessary to know not only ® analysis be of more than local application. • ’ 
i Tne sinerle-hne rliDo-rom ^ ^ ■ T>: , 
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. : ™ application. • 

Ihe single-lme diagram of the Big Creek system 
Fig. 1, shows the unit system (220-kv.) at each station 

220-Kv. Relay System 

Since the 220-kv. transmission system of the Southern 

entir^ ma f Edl T Compan;g is th e backbone of the 
entire system, the importance of perfect automatic 
sectionalizmg is supreme. Statistics show that approx- 

5 
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imately all failures on the 220-kv. lines are one phase to 
ground. Therefore the most important protection on 
these lines is the ground fault protection. Since faults 
must be cleared iq a very short time to prevent inter¬ 
ruption, a scheme that is not extremely fast in operation 
should not be used. 

Many relay schemes were devised and tried out on 
actual dummy systems. The one that proved rniOst 
successful was the current balanced relays for phase-to- 
phase and phase-to-ground faults. All the Big Creek 
plants,—Vestal, Magunden north, Eagle Rock, Gould 
south and Laguna Bell—are equipped with two-line 
phase and ground balance current relays. 

In the case of trouble on the last or single line in any 
section, ordinarily the arc can b£ broken only by lower- 


Big Creek 1 2 3 4 l 

No.2 .2222 2 

yy|S 150lnr.S 


12 3 4 Big Creek No.l 

2S#2-Wattmeter 


Vestal 

150 far. Bus g — 
60 kv. 

Wattmeter — j/ 
Ground Current 

Magunden \ 


Eagle Rock 


Big Creek No .3 

3 

nr— Gate Opening Recorder 
■vF^ Wattmeters 


Distances from Big Creek No.l 

Big Creek No. 2 4 Mi, 

Big Creek No. 8 6 " 

Big Creek No. 3 9 « 

'* Vestal 105“ 

Magunden 140 « 

Eagle Rock Tap 238 “ 

Eagle Rock 240 “ 

Gould 240 “ 

Laguna Bell 264 ** 


Sreend Cuneait^s* i x x 150 kv.Bus 

w w- X JC X 

StHTH ,— 1 


wu 2 1 Load 


Laguna Bell 
fo—-Load ■ 

C£2j81 1 

r —- Load 
Wattmeter 


Fig. 1 


mg the voltage of the system. This is done by ac- 
tuating a time relay by means of ground current at all 
Sfjf 1 ? Creek generating and 220-kv. substations, 
ijj?' m , S °f e Cases ' tn P s the voltage regulator, and in 
other., starts a motor-dnven rheostat to lower the 
exciter voltage of the generators and condensers. 

Time and Causes of Flashovers 
The total number of flashovers on the 220-kv. lines 
from January 1 , 1924 to May 1 , 1927, occurring during 

Fig ° f ^ ^ iS Sh ° Wn * Ctave A, 

* Ig. 7. Curve 5 is an average daily load curve for one 

oTun 

the light load period. Line C, indicating the bad bdow 


which flashover does not cause outage, shows correct 
relay operation and will be discussed later. (Refer also 
to Fig. 8.) 

Restoration of Service 
Ordinarily when a section of ling is cleared by relays, 
the service is not interrupted. Some times with 
heavy loads, however, the shock to the system is too 
great and the Big Creek end and the receiving end fall 
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Fig. 7 

out of step with each other. In this case, the steam 
plant picks up as much load as possible and the Big 
Creek plants try to hold normal speed. In the mean¬ 
time, sufficient load is dropped, accidentally or other¬ 
wise, so that the plants can pull up the load to normal 
speed. Normally this may, take from one minute up 
to several. 

When a flashover occurs on a non-automatic section 
of line, the flashover suppressors lower the voltage and 
as soon as the arc .breaks bring the voltage up. The 
devices are timed to make thisf complete operation in 
15 sec. Sometimes, at heavily loaded periods, the 
driving force at Big Creek pulls out of step with the 
rest of the system by over speeding. The system 
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Fig. 8 

• brought back together in a similar way as above 
usually takes a little longer. 

System Outage 

The proportion of times the system is likely to be put 
out of service due to flashovers is variable, depending 

? oac L Wstem connections, and the severity of 
the trouble. 

Fig. 8 is a chart showing what the percentage of 
ou ages has been due to 220-kv. flashovers occurring 
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different loads. Curve A shows this relatio'n in i, 
outages from all causes are included. In Curve 5 oSv 

included ^ ThI h rI C ff PerfeCt f Iay aCti ° n Was sec ^ed are 
“ w “• The difference between the two curves k 

and! iSTS ^ ° Perati ° n 

hasT ^ v^ysSSfand 

of Fig 7 7 it & % 61 if e t0 the Ioad and Aashover curves 

Slold^ “ 

outag&T^For ^j a f bovers is ®i^allr^it^g in'fewaetual 

r 

step^due^ to^ tro^ks 11 originathig Tn ^he^SO^k^ T °* 

cation of these troubles to the 220 w C ° mmuni - 
very greatly reduced. kv ' system has been 


987 

T m r orfer to »- *• 

and also to il^L a u“ l*** syste ”>- 

disturbance. This S ? \ ? ° ne record for each 

short circuit at one onH t n , 1 f red n ? cess ary because a 
eive a sufficiently large current Mth™ Sk* “ 0t always 

Sy f *7 <*«* a gr^T^ly ^ ^ ° f ‘ he 

Typical Records f 

apSZts P S? “SS m a rr ic rec0rd “* 

tained on about 65 flashovers o/these^ ^“ ° b ' 
exactly alike, since they involve difW f\ ^ 
ups, different load* a „/ d dltterent system set- 

fault Consequen iv tyPe and Iocation * 

available, it has been necessa^^^n^^ 
may be taken as typical of tha J-«° ect a few which 
may ocur in practise Th e ?**““ *“* 
volt-amperes listed refer to the cana S 5+ Chr ° n ° US laI °’ 

Bi it C r k ; VeSta1 ’ Eagle R ° ck a «d Laguna C BeT ted * 

At the time this flashover took pla" was no 


Recording Apparatus 

sH==~£~ 

ate whenever c^ent “ nn(K!t « l , to «P®- 

■nain transformer bank at the station”^ rdLy^ 




different elements ni T 7 ' T WhlCh COnnect the 
circuit The / tke recor dmg apparatus into 

paraM ** f ° m 0f th « “ xi Bnry relays 

I h frl " t,allns reh >- contacts, locking the circuit 
the hT™%T tS C ° ntime t0 »PCrate fvln though 

25 sec another hS f cea l ed ' Aft c r 3 Period of about 

rVowi? 8 ? Uantities measured are as follows: 

* wer into or out of station 
wound current 
S. Bus voltage 
4.^ Hydraulic gate opening. 

installations were made at a number of remotely 


on?hTi?n f 0t f ti0n in case a short circuit occurred 
21! i 5 °; kv ; bus ’ exce Pt that provided by the onera- 

circuit ^continued 6 fo UPPreSS °i' S ’ COnse 1 uentl y the short 
were takm aT r The record s 

:r trg;^o N ^ 

two sLn<w n the ^ ge ? erat ° r Na 3 ' Th ® first 
r ;!° nds 01 the record is omitted since there 

was httle variation during this period. At about 

circuit S the n now after t the beginnin « of the short 
lrcuit, the power output at Big Creek No q 

£l u aTffii“ sl,t,y ’ thd rapidify "“- 
feneratos i ET? 8 ' P ut‘ S f Pr0baWy due to the 
tSr Srf tl £ ? 1 PUiHn8 out of ste P with 

field c77i7LS tem t 0 ™! 7 the reduction in then- 
a j*i , ¥ ac tion of the flashover suppressors 

t/merZ T f ,led ° Ut 0f Step - thc n.l P 

B :ig Creek No. 1 is very small, and the loss of thk 

drcp ra iTIf Padty abo , ws the ^tem as a whole to 
op in frequency. This causes the governors at 
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Big Creek No. 3 in an attempt to regain normal 
frequency, tq open up as shown by the record of gate 
opening of the No. 3 unit. Meanwhile, the arc sup¬ 
pressors at Big Creek No. 3 have also functioned, 
making the generators in that plant incapable of sus¬ 
taining their load, and they also pull out of step, as 
evidenced by the rapid reversals of power. Each 
reversal in the direction of power flow means that the 
generators at Big Creek No. 3 have slipped a pole with 
respect to the rest of the system, and that they are 
overspeeding. The hydraulic input to the generators 
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despite therfact that the line Was relayed out correctly. 
The,oscillographs from both Eagle Rock and Vestai 
showed'that the generators had commenced to pull out 
of step within three-fourths second after the beginning 
of the flashover. (The first visible cycle on the oscillo¬ 
grams taken at Eagle Rock and ^Vestal are about 20 
cycles after the start of the short circuit due to the time 
lag of the relays and the oscillograph lamp.) The varia¬ 
tion in magnitude of the ground current is due to the 
change in voltage as the Big C.reek machines shift i 
phase position with reference to each other and to th 
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Hydraulic Inpu t to 
Generator 3 
-Big Creek No.3— 


Gates\on Hydraulic 
i Turoine Clcke \ 


^ (September 3, 1925). Flashovet? ov i t/- t t> 


is then decreased by the action of the governor until 
normal frequency is regained. The remainder of the 
charts, (not shown in the illustration), shows the 
clearing of the short circuit and subsequent building up 
of load. During this period, there was considerable 
hunting of the governors. 

This flashover, Fig. 15, occurred at a time when the 
transmitted load was fairly high, and, in addition, the 
fault resistance was of such a value as to cause a large 

amount of power to be consumed. This combination of 
circumstances was such as to cause loss of synchronism 


remainder of the system. The first visible part of the 
record shows that the ground current first decreases and 
n “ pUl - S 7?! m amplitude indicating that the phase 
fj of the Bl S Cr eek machines has advanced be- 
7 n ; Np e , p0mt responding to the maximum power 
XI - fl , e enorm °us amount of energy consumed by 
this flashover is shown by the records from Laguna Bell 
Eagle Rock. While the short circuit lasted (about 

• sec.), the power fed out of the Laguna Bell substa- 
t on was o ver 9 ° ; 000 ^ (thig ig the maximum the in . 

ument could record in this direction), while the 


% 
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amount of power originally feci into this substation was 
74,000 kw., a difference of over 164,000 kw. The original 
amount of power into the Eagle Rock substation was 
120,000 kw., dropping to 30,000 kw. when the flashover 
struck. Therefore the total Big Creek power to the 
two receiving stations changed from 194,000 kw. in 
to 60,000 kw. out, when the flashover occurred, a dif¬ 
ference of 254,000 kw. No record was obtained of the 
corresponding variation in Big-Creek power, but it is 
probable that it dropped somewhat momentarily owing 
to the comparatively low resistance of the fault and the 
high reactance of the 233-mi. of line. 

The amplitude of voltage at the Eagle Rock sub- 


Revest,. 


West Line Transform- 
— er Ground Current 
290 Amps./ Inch 


Fault Completely ' 
1/ Isolated 


Record at Eagle Rock 

Station Ground Current 
Current 3,470 Amps. / Inch 


Power into Eagle Rock Substation 
148,000 Kw./Inch 




atlEag^Rock^fw^hes a^ood inu^tratira'^f 3 ^^^^ 

nections emnlovp^ ;+ * w n ^ con- 

QBs mnployed, it is necessary for the breakers at 


Record at Vestal 


P ° We /4^M Fre< I-Changer 
34,000 Kw./Inch 


East line Transformer Ground Current 
360 Amps./Inch 




Record at Eagle Rock 


lll^ S OpS? er 2nd I Breaker 3 rc j Breaker" 

_Opens, . 


T Power into Substation 
i nch 148,000 Kw./Inch 


^Station Ground Current 
3470 Amps/lnch 


j i)iH > > r yvyyyyvwwwvwvvvw^^ 

True Power No. 4 Condenser^ 
19,000 Kw./Inch 
60 kv Bus Potential - 
--69,000 Volts/Inch 


tm //JPf I 1 f If ff f if If f filil 

—--—--jaulLgom pletely Isolated ^60 kv. Bus Potential 69,000 Volts/inch 

Record at LagunaJeP * ° ° °° ® ° ° ° ° o cT o o o] 


Mf//238 16 lSTBT G E C HE 3 ^r 926) - 020-Kv. Flashover at 

Synchronous ff A f364,000 Generation . 78,000 Kw. To/I 


Power into Eagle Rock 
148.000 Kw/lnch 


S* V 

A-Short-Circuit 
Cleared 


60 kv. Bus Potential 
69,000 Volts/Inch 


True Power into No. 4 Condenser 
19,000 Kw/ Inch 




eIZ bTc JSfr- °-“™ H,„ 

Total Synchronous k/1 C -/ 9 / 0( / ENERATION - 205,000 Kw. 


Mh/' 2'M. ToTAL MI R r 1 f, 9 p 1926 -) 220-Kv. Flashover at 
Total Synchronous Ky-a.?457,5 0 Genera, ’ ion ’ 192 ’ 000 Kw. 

oscillogram 16S TlmNact^th ^ e ^ ency ’, as shown by the 
chronousTondent/^ &t the fluctua ^s in syn- 
shows that the condense^ ° CCUr at same frequency, 
with the bus to which Ha ^ mamtainin g synchronism 
themselve/ o7ofl 7 V C0Mlected ’ a » d are not, 
recorded in which synchro* N ° ms< f nces have been 

have gone 

where aesj^tSiS I ??i am n tyPi0al those obta med 

Auahover. The *oTin 0t step ^ a 

arop voltage is very slight even while 
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t r he U 60 n k ™Siagi “on 

he 60-kv. bus dropped appreciably while- the short 
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circuit was on, but quickly regained its normal value 
with very slight fluctuations accompanied by a surging 
of power from the Big Creek system. The breaker on 
the end of the line nearest to Eagle Rock probably 
opened at point A, reducing the ground current 
required below that to hold the initiating relay closed. 
The measurement of the 60-kv. bus potential starts at 
this time, the voltage being about half of normal until 
the short circuit is completely cleared at B. * * 

Discussion of Individual Factors Affecting 
Stability 

Oui. of a total of 65 disturbances taking place 
during the period that automatic recording apparatus 
was installed, there were practically no cases in which 
the system set-ups were identical or in which character 
of faults were the same. Consequently, it is not. 
possible to make a direct comparison of some of the 
factors without the use of a certain amount of supple¬ 
mentary theory to place the cases on a common basis. 

1 be purpose of the following section is to isolate some of 
stabili ‘y, and to analyte them 
J^ible up0 ” the test results as much as 

Type of Faults „ * 

2 ^' kv * disturbances occurring between Autmst 
1925, and May, 1927, are as follows: ^ tj 

220-lev. line to ground... 59 
fetation bus to ground... 4 

Conductor-break. 1 

Open discount. p 


hiMtS^/^erSdS ^SSice 08 ? 151 ^lt C ° m " 

at times of widely varvino- I a b ? me ’ and occ urred 
have included those in which 0perati P ns 
was in service and n iw " ? nnaI , reIay Protection 

maintenance work or other-wT wkick the bnes for 
automatically. Ts L^Ttl Tu ° Perated non ' 

two Of the faute wtTnlS! ab but 

ground the protection for which ThouW^ t0 

bans of design. I n this ■ -1 d be made the 

put that although verv fewrSorT Sh ° Uldbe Ported 
fault, on the et^XtZrktt ° btained 
thi> network exceed th 1 number of faults on 

Wlh theinWaS,"* “ system 


. Location of Faults 
The location of a fault affects the stability of the 
system, in two ways: (1) According to the amount of 
synchronous equipment and load in proximity to the 
fault, and (2), in so far as the local conditions affect the 
resistance of the fault. In order tq evaluate the effect of 
the first, a set of curves was calculated to show the the¬ 
oretical variation in the voltage, current, and flower 
relation for faults of different resistance and locations 
TheSe curves were based on two-line operation with a 
single-phase ground on one line. A representative 
system condition was approximated by taking an 
average capacity in generators at the two ends of the 
line. Certain simplifying assumptions were made to 
facilitate calculations, the resistance of the lines and 
station ground being neglected and the generator volt¬ 
ages being assumed equal and in phase. The curves 


<§3,000- 

3 

O v 


5 2,000 


2 t 

P 1,0001 



19 Wo° N OP f 8 l 0 ash.over° m ,S frombig & 

zzz ttA 

A—Zero fault resistance 

o iL°^ S fault ros i N tanco 
^—100 Ohms fault resistance 


2ahX SatlrooLirfor^*" !t ° lal Ml fumsrt 
With zero fault retltlVth ^ faUit 
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the fault is increased ft resi ^ee of 

becomes less marked STioo" T 

the magnitude of the current;, 1 f - hm,s resi -stance, 
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very accurate, since the amm“ 
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suitable for accurate measurement when the current ”+v, a i . 

was of short duration, and because the arithmetical ™ ] °wer resistances, it is also rather a critical one 
rather than the vector sum was obtained. However theToW ^ hlgh , p f °Y er demand - Beyond 100 ohms' 
for purposes of comparison, it is believed that the figures seauen^nlf^ & S ° ff rapidly ’ white the Positive 
are sufficiently reliable, particularly, since with so tS f t V ° lta ; ge remams at a hi S h value, resulting in 
many readings to be added, the indMual Sorely ,1° ‘ he S 

'f"“ ou t . B :' comparing the observed and considerable • ' ‘"f*'™'"" power depiand would be 

calculated values, it will be noted that the actual fault “ ? "■'■'eased The commercial load on the 

resistance varies from about .25 to 260 otos S uCThedt° “ff* bythe ’ 8,1014 <*'>*, depending 
lower values of fault resistance are found near the Up “ the drop m voltage and its duration, 
region of the receiving- end of the system, and the high er nit„ ^ enorm J oas amount of power consumed by a single 
values toward the sending end. This difference can be f wdI brought out by the record from 

mjplamed by the. character of the count® threugh ta£i bv t^T br Kg ' 16 ' Inltbia 'ase, the powS 
which the transmission lines pass. rj e was sufficiently great to change the 

Fault Resistance Cj <?ns from 194,000 kw. 

As indicated by the Curves of Fio* iq ^ * 7 , that the TKa- n i ^ owm g out * Assuming 

whenl'ls'ST"^ ™ 7 largely by * h<i ab ° Ut 50 ' 00<) daTto 

b.tw^ S .t° y !,!f P — 25 The relation ~ pd ‘he indications are that about 20*0,000 kw 


i i" , uxims. me relation 

between the curves and the points obtained from 



— H-UU h 

fault resistance - ohms 

Fig. 21 


was consumed in the fault. When it is recalled ihaVthe 
total ground current during this flashover was over 

only oTotaJi'* be SeeI tta * a toIt r£dstan “ «t 

1 s ~ir s,r "■ ~ 

160,000 c® n °. t6d that the conditions on the 220-kv 

lmes of the Southern California Edison Company are 

120,M0> j y ^° ra ^® f ™ m the standp °int of fault resistance, 
q . C ® the very Sr eat majority are over 100 ohms in 

I most dish t de the resistances which would cause the 
“ “ *?«*>“» f 6 C0nsiderabl y lower in value, 
his fact should be borne m mind when estimating the 

betnt if'toT h “ °' ° ther «■*“ ^ comparison* 
because if the fault resistances are low, poor operation 

SoS CTe ” tl,Mgh ‘ he SyStem * otherw'STwell 

f!pw gt ° grea * importance °f ground resistance in 
determining the action of the system, it may in son?e 

es e desira We to take special precautions to keep 


80,000 


40,000 


B 


co 

2 

O 

o 

cc 

LU 

o 

CL 


n . QO : U1 system, it may in some 

ground current ammeter readings indicate that the fault edesirab ^ e to take special precautions to keep 

res,stances yary considerably, ranging from about i e ! the vahe *>? Mgh 

to 250 ohms. This value of sromi ~ T ° TCrllead ^“"d stance groindtog 
important in its effect on the Tstem re afr s n s C hownby oJtomeotW ?' 

-rig. 21 which cnvpfl j?_ij • , . * some other method; whip.hpvpr _ 


• _ / , . . - —v, vi giuunu resistance is very 

important m its. effect on the system, as is shown by 
Fig. 21 which gives the different fault resistances for 
phase-to-ground fault at Magunden substation. The 

o7° lffiporta f quantities from the standpoint 
of stability are the reduction, in voltage and the 

rv; P0W n r d T and caused by the short cir- 
* Betwee ^ 0 and 50 °bms, the positive sequence 
ltage varies from 64 per cent to 80 per cent, while 
the power demand varies from 0 to 150,000 kw. These 

nmrco wro-KA i /» , ’ vv * J-ritJse 


nr cfi, “ T , ’ ^ u ' it v., ciass insulation 

or some other method; whichever maybe found to be 
most practical in any partieular ease. 

s ince no definite time of circuit breaker opening will 
be satisfactory for all cases, the best procedure is to 

w5! n A a \ q 7 Ckly aS P0ssible ' an Eolation of the fault. 
With the balance current type of relay used, it is possi¬ 
ble to secure very rapid relay action, the minimum 
c™ 6 , em ? P rmc ipally determined by the time required 

b :^SL^. 0I, 7 1 afto Mpped. 


— u vcvxico ixum u to iou,uuu kw. w a- r ;-^ ^ ^ mue reqmrea 

cnrycs were caJculafed torn short circuit at Magunden SdllovranS ‘° ° S T afto bein « tri PP'd. 

and this range of resistance is the most critical for this of phlc . “easurements during a large number 
point. Between 50 and 100 ohms ground resistance becnST^ fJ® ? e followmg average times from the 
the power demand due to the short circuit is practical!^ S g 0 £ th . e ® hort circuit for operation of circuit 
unchanged, while the positive sequenceccZw', Str ff ht ,. (‘wo breakers to 

from 80 to 92 per cent. Although the rerStTto 0000 ^ ? M) ’ °' 75 for fat breaker to 

the system are not so severe within this range as at S, 1 '! S “' W , ast breate r- Tapped line, (three 

ms range as at breakers to completely isolate line), 0.75 sec. for first 
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OKISCOM: TRANSIENTS DUE am otr^ 

S-i 3 - ^ «> 1-7 see. f „C thc g0Te _ „„ (he ” " ^"' * 

Length op L ine Sectons ' ZTV a i ^ to the maehtae"™™' 5 ° perate *» 

sa - ££? «=«sw 

probably safe to assume e . qua1, however, it is ^ ut out > the transmission cana*^ ^ ? ection is finally 

affects the working nou-pr r *f G f n f^ tbie se ^tion ^ther over that originally avail* hi 1S re ^ Uce( i still 
versely as the percents <tp . imi 0 the line about in- cillations in phase position of thp & Ako ’ the °s- 
„ impedance, (including Z the t0taI systein maclfines require that a flow of do^ 0 ^ synchron ous 

wer than the usual values. g f* ent power limit of the system In * ' bein £ tbe tram 

i| 

short circuits on the 60 -kv. network ®^f ience that ; • the send mg /, f 


mmaawm 


r - 

short circuits on the 220 kv 1 ° It 220_kv ’ hues as . 
occur close to the 220.k‘ P the ^ se]ves if they 
Fundamentally, short circuit er mxna.l substations. g 

stations should differ but liuS terminaI sub- 

system whether ttey t ” po ” <*e 6 f 

be due to condWot XSheS CXist “" s ‘ IS 

ampere demand on the system a utP &nd kllovoIt - s ^ 

Pointed out in a prevToT^’Xt * As £ - 

majority of the faults on the 220 kv 1 T ° f the 
critical range owing to t hp ^ mes ls ab °ve the 

thresh which thj^^ rS fi °L the C °“^ 

tue critical range of resistant. - ke tiO-kv. network, 

(approximately the raS of tV" COnsidera H y lower, p ,MV,t * 

voltages), but these lines pai thm, ° f the ^ 

known that the ground Lfjf gh reglons where ^ Aerators, and Curve C 
appears probable, therefore, thaTtL^i T V° W ' h l\ U is assumed th a t ^ input 

everity of 60-lcv. short circuits is in e atlvely greater taken hy the fault causes the added power 

fault resistances beinv within th n . part due to the slow d °wn, thus making tbn System as a whole to 
sideration is now bcing^given ^ ^' I *' 1Ca ^ ran g e - Con- "heels admit moStX oSTT ^ tte TOtai 
ducing the fault eurrentf^ under if ° f re ’ ° UtpUt Nations increase unuPi! 0 ^^ 6 ^ 

conditions by using transformers wilif^ 0 ' 11 * 001111 fault maximum capacity of the svsw^h ' reach the 

on the 60-kv. side and possibly bv ^ connecti °ns f° me ntum of thegenerators'in u? &t Wblch point the 
from some of the transformer npntr° Vmg the « ro «nd8 be absorbed by the system ! f f Ir oscll] ation cannot 
one bank is located in a given statio^ S Where m ° re than the macllines overspeed the eo PUb out ’ ^en 
ft was found by eJ^JZ ^ to reduce the inniff !r' u g ? ernors Anally operate 

Proved operation of the 220^ bat , very greatly i m - Curve C. The remedy for tr ^ t ^ e . continua tion of : 

y reducing the time settings on iif S CI f Was obtained sys tem of control that will nartZZZ 1 ^ 011 is to kave a 
kv- lines out of the Eagle Rod a Z t^ 75 for the 60 ' gates Upon the occurrence ,? 3 7 C ° Se tbe wate rwheel 
stations. gJe Rock aad Laguna Bell sub- ^r, after a prc^iS^ distwh ^, and : 

Govehhoh “SP-vious value, «**■»* -open them : 


TIME -- 

Pig. 22 

generators, and Curve C ; 0 + i, ’t'l] 

to them. It i s assumed pi : ime ^over input 
taken by the fault causes the IJ 16 added power 
slow down, thus making fha System as a whole to 
wheels admit morat^^T ° f tbe wat *" 
output oscillations increase ° f the power 

maximum capacity of the sv^ . f y yeach the I 

mompDfniv, • ystem at wbiplh .-...I 


-- wi uie magip ^ 7 v 47 1 ou 

stations. k an d Laguna Bell sub- 

Inp ra e«iea, ly ev~° P T I0N 

the 220-kv, lines, the obfe® ‘° ^ »„ 

obtained have shown that 


wuuc, a proper interval +• ana 

their previous value. f time ’ re °P en them to J 

input a s a th?srh would be t0 

the temporarily reduced. machines to conform to 
ImeS ' and tbe troubled’s eleld, 6 to^du^ 
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WIKUIUTS •. QQO 

resume the normal load. Since at light, loads it i/I • , ' 

unnecessary to take any special precautions to obtain T'c" Z *" *"*“«• reliability of seryice 
tolay-selecting scheme would be in the el T.*™ “? st oftte %^rs occur 


, ^ pieca uuons to obtain ^ +-l -n v 6 ^ auci icixaointy oi service 

stable operation, the relay-selecting scheme would be ih theTlr * EdlS ° n S f tem most of the ^hovers occur 
arranged to prevent operation unless the transmitted is low when tbe transmitted load 

Tht It m " C6rtain P rede tennined value hi^at telZ" V J ^ making Ration at 

This scheme is now. being given consideration for use liltt f We ■? tbe da y time .- In regions where 

on the Big Creek generators. Depending upon the the 21 re f onsibIe for m ost of the-flashovers and 
rate at which the gates can be closed, the use of a device unon the haS St ° ra u ge ca P acit y> the load may be reduced 

disturL Sll0Uld materiallj ' reduce the number of of an outaS Pr ° aCh ° f & St ° rm t0 minimize Possibility 
disturbances causing mterruntion of 


icuuce me number of 
disturbances causing interruption of service an*d in 

the case of those which do, should facilitate the restira- 
more°Iapid!y? ? P ™ ittin!! * he system P»ll together 
Regulation 


Conclusions 

he^^sst^rrsx 

» "duce the effects of 


beginning of the disturbance! This shows that an 

aDDreciahlA f.Tma:_,, an 


2 Tt w h r 10 Lne consumer. 

_ _* j i - The object of a c eare w ^ en transmitting much erea/tar ommm+b 


ahlp fn Kn-u • , —tne exciters are 

able to build up in voltage rapidly. The object of a 

quick-response excitation system is to rapidly build up a 

vo tage across the field winding of a synchronous 


force -to ,;eXZ tV U d tadditi °" aImag "etomotive «**" ™wPoint, systems that might be ST 
circuit current fl t o ^ demagn ® tlsingactl0n ° f short- but mediocre service would have that service vastly 
Owine toT: ” :‘, hC , ““‘“to ™<ii„p. I“? r0VCd .“ * «* Change in switoh cS 


, , ' wuuuies couia be suceessfollv 

power tha/d transmitting much greater amounts of 

se^te c™ldk P ’f! 11 “* Same hi * standard of 
uld be maintained. Looking at this from 

another viewpoint, systems that might be furnishing 

but mediocre spnnuo i _ u , . ® 


circmt current flowing in 'the armature wining ^proved in quality by such chan^ in swllh ^ 

X™““tt^td ha , highresista "“ fa " ltlS 

SUrtS togtdator, if connected i S ^ switch operation, les^ocSuS 2SS 


.. • " — Pliant, may actually rise 

he ordinary voltage regulator, if connected to this 

uo2t 7 ? nd t0 reduce tbe exc itation. This 
7177 Ca ‘ n be ° Vercome fe y use of a regulator 
p ra e by means of a positive sequence network, and 
new generators for power house No. 2-A in addi- 

Sat r”fv f iCt resp °" se syst ™ “f Station, 

will also have this type of regulator. 

Transmitted Load 


switch, operation, less shock is produced when one 

other* a feU SeCtl ° n iS deared a Sb ° rt time after tbe 

reaul fl HnI iCk / eSP ° nSb ° f g6nerat0r field citation to 
egulation aids m maintaining synchronism by prevent¬ 
ing, so far as possible, a drop in generator field flu*, 
he drop m generator terminal voltage will then be 

leTTiH^l by the , generator leakage reactance, being 
Ntoactancc Similarly, low 


Whether or not a given system is able to withstand a 7717 law , values of reactance. Similarly, low 

disturbance is determined by the particular combina firm a' ' Tf T eakage reactance is beneficial, 

in which the controlling factors occur, as discussed in- oufrmt f^ 0 ,^ Ppears tbat a device to decrease the 
previous paragraphs. It is therefore impossible to unol the T ® 7 Cr l ek generators immediately 

Place a definite numerical value on the tranltinl S 6 accurrence of a ^rt circuit will decrease the 
capacity of the system. However, data a” aWe oZ T h ^ ° f ^ by redudng the transmitted 
on a sufficient number of cases of flashover to permit of !Z't ^ & d f V1Ce might take the for m of a relay 

curves being drawn, showing the percentage of flash- partoftt?!“ L w f erwhe f governors. The greater 
overs which f»an.co Anfn± , _ P art load so drormed wnnlri r* 


overs which cause ou^at The' ^ S ° dr ° Pped would be P^u^ 

curves of Fig. 8 were drawn for troJto orSinJi! genera t° rs a t the receiving end, so that the n^ effect : 

the 220-kv. system only, for the over-all operation of ^ OnP^ftT freq f Uency would be inconsiderable, 
the system and for those cases in which pa-feet relay thf'w 7 “T imp ° rtant Points brought out by 
operation was secured. These curves show that til Jr Z ? W&S the relatl °n between the severity of the . 
probability of an outage increasTwith theload^ein? S? tbe amount of g roimd current upon 
earned. The permissible operating loads cl men J * tblS demonstrates the value of adopting 

largely u m local factors, S as freouency a^H T ^ circnit cmrmts - The ^ SI 

tame of occurrence of disturbances and perbans even SyStem ’ * he more pronounced is this 

Alore upon how far it is justifiable to increa^thf cost of 6 Tb. 

ease tne cost o i 6. The amount of power that can be transmitted 
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. «—■* JZZZ7T ^ , 

«nss ^ ri-—«<*- 22 ,,.!: A 1 EE 

a time wLn rn^Li d,atnrb ™«* occurrinTS “f? 6, S™* 1 disturbances to the 22 ?l WSe ’Wn*- 

ssjskSSs“=»k £~5ti“r?-. 

5=s-£S : “? s;S£s-£r; 

' »hereT^:Srt1- th 1“ ndcr ^ editions by their h^ticSeJ, ^V* ?*** **£ 

-rnsr sr *-£ 

eJat 4“ assar — r -tP-*-’ 

4 t re g~rf^‘- 

phase to ground and eal^l J? rcmts have been single ine COnsumed by the short circSf decreases 

P0TO Itoit sh0 " u “ d 

/\ &w \ T O V\ r~\ ^-v r\i . . —-— xc - 


4>- 


A 1 -__TlT line cut out to isolate the trouble. aUCU1 ^ “ 

«4“" Pld ” n “* » c‘ B t,S? hone Toli Plant 

Member, A. I. £. g. 


PI 1 Member, 

T company ° f & krge telephone 

Ww? ^ generall y understood 0 ^! h SZ erllaps is 


, not W £i3£ ^-ortbat perh^ 
timately associated with the ,. Y th ° Se not in ’ 
This may be due to mam; ■ mmunic ation art 
probable ot which is tte feetISlT? tIle m »™ 
jiao grown to be one of the j!f'-r kp ‘' mt »vice 
buem^s Jife M(J of social and 

differ but little in individual locat e^'"'? 0 ' 1 ’ secms to 
large community, similar „, x In the small or 
general use; wire Jdt.Srftr f^tus isi„ 
evidence and service i ®V ke + , Character are in 
f uc b the same manner ^ arently ^ndered i n 
basically correct. I n structural^ 6 .° bservations are 
Practises, however, widlh m f ^ ° peratin S 

SS2L“- th6 renderi ** of ^ifCarS: 
br^U“™tTnu“ d “°" omic i 

o r fc&SST ; 

plants design. I n the small ens bcs of the physical + 
“ they are ealw ° r 'i 

«ban in the teet^C^ « 
Cisco, Calif . 6 lant Englneer ’ Pa " ific Tel. & Tel. Co., San P ran . o] 
Se V t. 13-16, PaCifi ° C ° ast C °™ention, Del Monte, Calif., H 


me solution of thpse n., 

. 1S sma h, are important funet? Wbether they be large or 
m- Small exchanges grow and chau SUCCessf <bJ operation. 

telephone company .must so D jfl!, ln f character and the 
e meet satisfactorily the fnhir p an , lts activities as to 
=e present theftiselvi and at the'^ the ^ 4 

‘d financially sound structure in th? i' 1 ” 6 ' provi * * 

0 v ersal service A« - the ren dermg of a uni 

' r se ™ is rendered, more°thaT nity deVelops and more 

“ ca Pbal and labor are requ^ed fnn a •^ am ° Unts of 

for each additional customer r Providm £ the service 
I or switchboards are limSed\o , wT neCting devic es 
' su bscnbers lines. When the •+ , d , edn te nu mber of 
reached, new offices or replacinT^^r^ 8 ca P aeit y is 
^e are required. The number g .T tChb0ards of lar ^ r 
is dependent upoA the amount of J Perators employed 
a « service demands increase m i- V1Ce rendered and 
P^ed. Pole ]ingj wir CP6aS n e ’ 1 operators are em- 

aeeded to meet the expected fuh 6 ^ InstalIed 35 
customers. The character ami ? I ^forements of 
telephone structure are governed hwf ° f thlS part of a 
la Population of the am sen^ by the siz e and density 

infomied in tte 

Peration, is very apt j n ul pmen .t or the details of 
o use as a unit of measure the^T^u ° f tbe busin ess, 

He fails to realize that ’ i,? te ® P ?° ne inst rument. i 

PMate Md StuTpUt t J 
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permanently assigned on the* switchboard to individual 
subscriber s lines and that large amounts of equipment 
and apparatus are required for the establishment' of an 
independent channel of communication for each pair 
of talkers. The telephone instruments, channels of 
communication an^l switchboards are the mediums 
through which service is rendered. Therefore, the 
three components rather than any individual one should 
be used as a unit in a general analysis. Service, on the 
other hand, is what is being offered under the various 
tariffs and it, rather than any of the physical properties 
is a more correct measure of value. If service is 
restricted as to hours, distances and types, the cost of 
rendering it lessens; likewise its value to the user. 

The term “telephone plant" very aptly describes the 
structure by which communication service is rendered 
It is ever varying in its charactristics and must grow 
in size and nature in a manner consistent with the 
demands resulting from the population within the area 
served. When people move into or within a community 
d wan t telephone service, the company must be 
prepared by the extension of its lines to give the service 
ks compared with other utility fields, the telephone 
msmess is somewhat unique in that applicants for 
ervice.are not the only ones interested in obtaining it. 

, e va ue of the serviee to those who already have it is 
b? - the "“■<>* connect with ie 
J , Also the service rendered must always satisfy 

t JfiSS than ° ne and must be available 
, I,™ ° f tbe day ni ^ ht a nd for such duration 
=> the customers, themselves, may elect. 

During the pioneering days of the telephone business 

■t to the sSt° n - ^ had ° f the deveI °Pment of the 
t to the state m which we find it today. To attempt 

ents wouW^et prediction of fu ture attafn- 

ents would result m but individual theory and is 

«pUeTforT n attempted ' Effort is ^ be made to 
ply set forth, m a very general manner, some of the 

rticularlv Is th ^ US6d t<>day in advance Planning, 
;“7f. the y concern long distance telephone 

• er to ^ lt ^ Vl11 be necessai T frequently to 

underl ^ local or 

ated torim pInmng ’ as such activities are intimately 
ated to the planning of long distance service 

h thW S T CtUrK - “ m ““'wa ys , a 

S=ialI y irr e gSdto°tL I> “ q “ te 

nand that 7, ever P res <“t indeterminate 

Placed mcS ^ thoat an y appreciable warning, 
bancesreneatpHl E ° Ca ! disaster s and climatic dis- 
isecaninf 7 ^ nse . to heavy service demands, 
tance ? ThpiV W&y ’ be an ticipated as to time or im- 
SanH ° CCUrrence ’ h °wever, must be ex- 

means Provided in a general way for caring 

tTlTT 10 ™ 1 SUrges in demands for serv^e 

rZl ;,mes jT> e year in »Meiy 
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servi e c n e tS TwT *77 j ndeterniinate demand for 

rec™^T ted ^ f ° mer “ aeirtnnSj 

characteristics closdy Studied ^ ^ ***** 

meISer I nonuL t !?' ether ° f tW ° ^ate -communities of 
meager population, as was repeatedly done in the Dast 

i§ incomparable with the demands for the network of 

circuits made upon the telephone company of today by 

Cl^ral 1 f^ m ?' OPO T" “ d 

population is the ^ r6SuIting from “creased 

population is the growing demand as a result of the 

S” ° f the telePh0M fa 

Experience has indicated that the telephone service 
grows much more rapidly than the population because 

onlvthen C e eSSlty ?***“* the service demands of not 
oniy the new population but also the increasing demands 

of the existing population. The term nrJL+ d 

herein used denotes families, rather than a per capita 

closdv related If* 0b ™ US that sueh a ™ ? ‘ - more 

!t !S therefore, a function of good telephone manage¬ 
ment to estimate population increases as accurately as 
is possible 11 # advance in order that facilities may be 
extended with confidence that the future service de 
mands wi! be satisfactorily met and that th# will be 

economy 7h:^ and with 
surveys"*or “d™^^ qUlres f hat are te ™ed “commercial 

estimates of t ! ° Pment surve ys” which are detailed 
estimates of future expectancies. The compilation of 

d 7 andS a Iarge amount of field work 
the tabulation of existing statistics and* forecasting of 

the probable changes m amounts and distribution of 
the future population. Analyses are made of the 

STth Tb gr ° w l h and of the reasons for tbtis 

f ' Tbe ^tors affecting future growth are 

Xst nrnb.W fT 1Uated ’ and estimates “ a de of the 
niost probable future population growth. 

errt Z ZT* °‘ Z' may be in 

it is i.iZf! j " e ““ of some unpredictable event, 
the alert ri Z '' iie management be ever on 

PortaZ T" e the SrSt indica ^i° ns and the im- 
Z j of changing circumstances and conditions 

coitl, a v nd e bl f hly n trained P * ra0 “ e1 ' therefore, Ze 
_ y mployed in analyzing the economic and 
business conditions of the community being served Sd 

population 7th mg th yf K 6tailS ° f the probabIe vioves of 

Srbatal fr" be l tW6en botb urban and sub- 
urban areas Such prophecy as an estimate of the 

from a wr redlStr i bUti ° n ° f the Population as will result . 
be t b ?7 r0adS dr im P roved transportation facilities 

dSZT mmUnities 18 a example of this 

I-,. Pm ® n engineering. Another example and one 

] , 1S lgb 7 lm P° r tant in local or exchange line 

S°P, m f sarve y activities, is the forecasting of the 
ffect that will result from the constant change of 


0 
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* and businei???^/™ 1 reS1<lencc t0 a P»rtnient house 

? ° Pahti0n .« ™*. of 

served and forecast the nrnt?nw aj ° r P ° rtlon of the area 
periods into the future Th 6 popu atlon for several 
' sine, distribution ZZZonZtT pich f thc 
telephone service. AdditJZf future market for 
demands from this market musM?^? 5 ° f the ser 7 ice 
. the final estimatesm^lTl “ be made 80 tba t 
telephones that will be reguLd"at°dfff^ ° f 

- periods. As both indivMnfi Z * dlfferent future 

usually offered in an exchange^an/ter f™! ** 
investment and operating JL f . t ephone pla nt 
of the several grades of service it - Vary m tbe rendering « 
further with tfe < 

development” by classifying it into th“ d telepbone I 
service rendered. After this £ ?° US <*P* °f d 
these data are transcribed in h bee ? accompb shed c 
scale survey maps covering th^f 1CaI , form to large b 
These maps are called “ffiJl ?• bemg studied, cl 
maps,” and serve to indicate ST -f® dlstribution « 
mate location by small areas of th + f d approxi ' b < 
anticipated subscribers lines. f & * 3 nUmber of ac 

sary to prepare t£Tine dstrib^?° Pment sur ^ neces- in 
eluded for^ndivMuaTnommmiiti^ ^f p ^ ve been con- f ea 
then make predictions as to th* ’ 18 necessar y to me 

will result from the estimated t , T®* ° f Service tba t the 
language this means thTdet telephones - ^ telephone ] 
rate” or average use of L f tbe “filing san 
In small communities bas 

concern. I n the metropolitan arL T ° f major In 

operating centfal offices are maintained Several ana 

important function in developi£l hp l ? f a highIy rath 
the future plant structure ? ° tbe detail design of serv 
-interrelated and associated with th. + , hanc 

^tes m a multi-office exchange area fc a f^ ° f CaUing rec0] 
which has to do with the forecasts of activit - y requ: 
the flow of service between theseJr-sf tbe directi °n of dems 
within the exchange. Between Q J derating area's concl 
districts there usually exists a difF jace 5 lt cen t r al office Th 
interest among the cutoers of ap PH< 

adjacent offices or between residence and h 6tWeen n ° n " vance 

- The ratio of the present t.nfl d busmess areas, all n r r 
the population, location ai f pbone development to Techn 

Casper custom “S, SS! <* «y Sr 

the past service is, of course a matted f Ctl ° n ° f flow of servic< 

statistic* are extensively used fn ltr 00 ^' Tbese *tudy« 

“ no way preclude the necessitWn^+f predl ctions problei 

trend^ f dgment in Precasting thjLohlTf* ° f ScJutio] 
-trend of service demands and oh? probable future individ 

the results of these series of ^ ha f acte nstics. Upon Man 
operating p l ans are adopted L d ie \ and foreca ^, present 
determined. It is th Jlr d cons truction detail* f ent 
ofadt„m.. iC ls therefore, apparent thni +x,- aetails concern 

Iffi* or ^ ^ ^ *™1 
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7 “ ^r—- - « 

“ ade of These plant layout, or fim exfe “ion work 

S ca,,ed ' d 0 Pict\otUpreS S S“ S ’’ MthCya " 

V fo-ofuic Plant aLngSits S 
ket for data aa may be reaaonabTy foSstf tS® Pertinen ‘ 
aeroce requires a large amount of timeS „ Their preparation 
»that that has a thorou.h tn, , L,i , d} ’ by 3 Personnel 
tber of rnentaJs. DeJ^onSSSnl WCPh0M 
future to the determination of Z&' :heses tudleslsayen 
ice are location of central office? CoZ nU “ ber ' «* 

■ plant various types of eauinmont P nsons are made of 
Z? cons truction details Th J ‘ 

oceed concentrating the subscribers ^ required m 
Aone previously mentioned line r kt f P- 1Cated on tb e 
aes of different plans are determined knli^, 011 map Und er 
ished construction and main'tenan cp f d Va U6S and COsts of 
large before the selection of Tnlan { f and studied 

Jed. changes requiring but^ one central 2^^ In ex ' 

5s Ce“%t ple - I ^ tba ^s^: s :s^ 

additi^SZehZ^r^r 11 

“ arrivinE tZTffi ?Zre 'T, asm «uencin g ,ac,„ K 

i 

- “s c ^trj Wlth lere 

jor In these latter studies hnw.t fundamental plan. f 
ml analyze, among other things rh^fl ^ 1S n ' scessar y to 
•<y rather than within,'indMu^ Z 
Of service between separate I? H »»' 

handled, wh?re intercoMeSi Z is to be 

lg ^cording is to be done and hT between circu its and 
y required to satisfactorily serve Z willbe 

t f demand over future periodTof ^ dlStanCe servic e 
:S conclusions to be obtainorl f years, are the desired 
e The item of cost in^T r- m tbese studies - 
f application in these funrffi IOn b ° 7 Servdce bnds ! ts fullest | 

- vancementint£arHs?A^ nentaI plan ^mties. Ad- f 

• all progress must be judicial! antl , Cipated and tb e cost of 
1 Technical development is^f^ inte ? prete d and forecast. | 
factor in the giving and _ , neCeSSlt7 M aI1 import ant | 
service. Its maste^^ ° f commuaka tion I 

study of economies-?;ZI 7 m no way excludes the I 
Problems that require ex 7 n - rary ’ ltcreateseconon uc I 
solution before gZ JZi T StUdy and ultima te I 
individual improvement n ^ bg “ ade ° f any I 

Presen/themselves for e solut Plan ^ ° f Varying detai]s f 

concerned in these studies ^ dunng the activities I 

dently worked out and p * .^ ese mus ^ indepen- 11 

«» service J Z*** made - b °‘ h I 

fonued. Thisi s dZr WP r t ' beforeci>Ml “ s ionsm f 

i”8 cost cornZtn Z° Ugh medium »' I 

uipanson studies which usually express in I 


■ 

I 


■ 
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terms of equivalent present worths the total costs of 

P anS ° Ver an extended ^cle of years. 
Special problems concerned with detailed features of 

mdmdual additions to the plant structure, quite 
naturally cannot be intimately dealt with and fully set 
forth m a general study of basic fundamentals. These 
must be studied as they arise during current activities 
dealing with changes and additions to the plant and 
their solutions obtained through individual study 
. The engineering cost comparison study, in which the 
initial investment, deferred investments, annual charges 
and credits for future salvage returns of different pkns 

elmen?Tn f t ^i areanaI ^ zed > is a most importan 

ctste of the dS 6 P fT g ‘ The initiaI and deferred 
costs of the different plans are usually very readilv 

obtained The annual costs and salvage credits to be 

anticipated at the termination of the service life of the 

Plant structure are more difficult of correct interplet 

solution h % ara,ne 7 er<dieless , of equal importance in the 
' !, . Sl * mIar t0 a11 analyses of future cost factors 

ma'kingTd'er-? C0St COm ? arison stu dies involve the 
Due tn aSSUmptl ons of fnfnre anticipation. 

Due to the climatic and human elements, that con¬ 
tinually affect the service life and maintenance expense 
of a large part of a telephone company’s investment 
it is highly essential that the assumptions in these 
tudies be based upon an intimate knowledge of present 
and anticipated factors, and that proper delons be 

that - -£ < 

tn R J S V Tu nece f ary in their interpretation, therefore < 

elements aZ c ° nslderation to many intangible f 
elements. A few of these may be cited as follows: 

poetess is™ 1 phns -»*-: 

Plans into effTct” 101167 t0 PUt the individuaI * 

of 4 onI h nlar e 2!ri! 1S (-u 0f a ® sured immediate economies t! 
other plans h ^ estlmated future economies of la 

There is no simple method for determining exactlv & 

cZrZZ s t 0 \f 1S WiU t0 * 

communities. The experience of cqmpetent engineers in 

st t y °v mt : 

o ji s ^ s 1S best available guide in planning T< 

top otXf n ° fthea T Ce - “erel SS J 

SjV T rage ,‘ number of i° n S distance calls ye 
r a 7 d Per customer s station; of how the originating t a: 
. ffic of individual communities is distributed over ins 
, isting circuits; of the time consumed in making the a s 

imefh COnnec 7? n , or interconnection, and the average 
me the circuit is held for conversation. i or 

or the purpose of planning, schedules of the call inc 
araymg capacity of the circuits under different operat- po ] 
g methods and under different conditions as regards nal 
*vice delays have been formulated. Their appSa- dr! 


S 

i sS h , PremiSe ° f a different <>t freedom from 
S ° n ““T ° f ”° “Uit conditions) 

nd CoS ” . Bya,10circui ‘ 

• •neant that all circuits m a particular 
he S" ^ iD « a ‘ «« * conn“ 

i 

-d predicting the immediate necessity for circuit re 

* 1“ Z t he cu-e Pmstances under individual review 
As operating conditions and local service demands 
- result a considerable varying of speed oftrvito and 

s nMsirTttaf' ‘t ^ individual immunities, it is 

e "rou^ Such rnaiT'™ ^ le given to Mvidmrl 
' 7 s ' buch matters as the size of the circuit ermm 

i. the type of service to be rendered, the average length of 

e the hours^thed th6 dlS f ibution of the baffle through 
tue hours of the day, must receive careful consideration 

I Ha Ar f° rfll 7 sua Uy taken over a period of 20 business 

t traffic Unng 06 m ° ntb ’ in w ^ iel1 tee distribution of the 
t traffic is representative of the conditions for which the 

; Z 1S J° be engineered ‘ W hen encountering con- 
' ltl0nS tbat are not simdar throughout the territorv 

: latest troffie ^ **** d ° n0t 6Xperience their 
■ greatest traffic m the same month or maintain the same 

, traffic ^throughout the year, supplemental checks of the 

traffic volumes are made. Ordinarily’additional cir- 

traffic a ne a kT d i ed ,- leS , S HberaIIy f ° r ^P 3 teowing a 
traffic peak of relatively short duration than for groups 

carrying heavy traffic over periods of two or Ze 

months. These checks are also studied for the purpose 

of determining the possibility of overflowing traffic 

laTuZffhZf margins and of rearranging the circuit 

££*£* temporanly or peman “‘ ly —t 

• , Th ? Se detaiIed studies of circuits and load character- 
istics have been used extensively in the past in determin¬ 
ing the immediate and early necessity for circuit re¬ 
arrangements and additions to individual groups 

i 7 f aecessar y to use them as a guide in the pro- 
jection of future requirements over long periods^ 
years. This is due to the changing design of kmg dis- - 

• u t , e epb ° ne plant and is made necessary by the 
installation of a large portion of the circuit facilities'on 
a somewhat different basis than in former years. 

Until a comparatively few years ago, practically all 
. ong toll circuits were of open wire construction; that is 
individual wires separately attached to crossarms on the 
poles. These have been installed as required and were a 
natural development due to the small number of 
circuits required to handle early, day long distance 
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demands. The wires have very generally comprised 
two sizes, najnely, No. 8 Birmingham wire gage, 
(165 mil.), weighing 435 lb. per mi., and No. 12 New 
British standard gage, (104 mil.), weighing 173 lb. 
per mi. These two types of uninsulated wire have 
admirably lent" themselves to the many changes and 
improvements in the communication art. For many 
years the limits for the highest grade service withtjheee 
conductors were approximately 400 and 200 mi., re¬ 
spectively. The development of associated equipment, 
however, has so increased the distance over which service 
' may be rendered with these sizes of wire, that today 
finds them in general use over distances of thousands of 

miles. . 

The introduction of the inductance or loading coil on 
open wire circuits, many years ago, so reduced the 
attenuation loss of open wire circuits that satisfactory 
voice communication was greatly extended in range. 
Distance of transmission on open wire circuits was 
later further increased by the installation of the 
mechanical repeater into the circuit to be used in con¬ 
junction with the loading coil. Experience, however, 
soon indicated that improvement must be made in the 
uniformity of the amplification given by the repeaters 
in order to raise the intelligibility of the voice trans¬ 
mission to a higher standard. This led to the use of 
the vacuum tube repeater which economically and 
satisfactorily eliminated the limitations of the mechani¬ 
cal type repeater. As a result, the vacuum tube 
repeater soon replaced the mechanical type and is today 
exclusively used in voice amplification. 

Improvements and modifications in the design of the 
repeater and reduction in its cost of manufacture have 
made it desirable and economical to use it more fre¬ 
quently on long-distance lines in lieu of the loading coil. 
At present, therefore, we find the use of the loading coil 
on open wire lines very generally restricted. In its 
place is found the vacuum tube repeater, with service 
range increased and quality of transmission improved. 

The non-loaded No. 165 and 104-mil open wire circuit 
have also permitted the development and use of the 
higher frequency ranges in voice communication. 
Without distortion or sacrifice to the quality of the 
service, frequencies ranging up to 30,000 can be used on 
non-loaded repeatered open wire lines. The applica¬ 
tion of these higher frequency ranges to what are termed 
“carrier current systems,” in voice communication, 
has extended the field of use of the open wire circuit 
many fold. In brief explanation of this statement, a 
typical open wire line, carrying four fully equipped ten 
pin crossarms, is capable of providing the following 
• voice channels. Four crossarms supporting 40 wires 
of the standard configuration of 12-in. horizontal and 
24-in. vertical separation, when properly transposed, 
produce 20 physical and 10 phantom circuits or a total 
of 30 voice-frequency talking circuits. By the proper 
coordinating or additional transposing of 8 of the wires 
on the top erossarm four carrier current systems can 


be superposed on the 8 wires. As each system is 
capable of producing 3 speech channels a total of 12 
additional circuits is thus provided. Without any 
loss in the number of voice frequency circuits on the 
lead four similar carrier systems with like circuit possi¬ 
bilities can be superposed on eight wires of the third 
crossarm. This complete arrangement therefore in¬ 
creases the speech channels on a 40-wire line from 30 to 
54 circuits or nearly one*hundred per cent. 

Carrier current telegraph systems of ten channels 
each can also be similarly superposed on the open wire 
circuits, thus in another manner, greatly extending the 
use of open wire for communication service. At the 
present time it does not appear economical, due to the 
excessive expense of balancing the open wire for purpose 
of eliminating interference or “cross-talk” to superpose 
telephone carrier current systems of the three channel 

type on adjacent crossarms. 

These three-channel carrier systems require highly 
expensive terminal equipment and well insulated and 
evenly balanced open wire Ijnes. The economy of their 
installation generally speaking is confined to lines of 
150 mi. and over in length. Often times, however, 
major reconstruction work on a pole line that would be 
required by additional open wire placements can be 
advantageously deferred by the judicious use of the 
carrier systems. Recent developments in high-fre¬ 
quency systems have resulted in a new system of one 
channel. This type is proving economical for super¬ 
posing on open wire lines of approximately 50 mi. in 
length. 

The rapidly increasing demands for toll sdlvice several 
years ago indicated many difficulties in providing for 
future long distance communication service on a wholly 
open wire b<^>is. The number of open wires that can be 
placed upon a pole line is limited. The number of 
pole lines that can be constructed along highway 
routes is restricted and the costs of purchasing private 
rights-of-way for open wire lines is becoming excessive. 
These conditions prompted the development of some 
other practicable method of providing for the increasing 
number of toll circuits. 

To meet this situation, effort was made to provide 
means which would permit of satisfactory conversation 
over long lengths of cable. In other words it appeared 
desirable to provide along one path a greater number of 
circuits of a type that require less space and structural 
support. In this endeavor highly successful results 
have been attained. Satisfactory conversation can 
now be given over an extended network of cable plant. 
Repeater operation appears to have solved the problem 
of distance and in so doing has made possible reductions 
in the use of copper to approximately 10 per cent of the 
amount used in open wire circuits of equal length. 
For example instead of the No. 8-gage open wire weigh¬ 
ing 870 lb. per circuit mi. and the No. 12-gage weigh- 
i ing 344 lb. per circuit mi., the conductors, which are 
l extensively used today in cable design weigh but 80 
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and 40 lb. per circuit mi. In the cable type of con¬ 
struction from 100 to 300 voice frequency circuits are 
provided in a cross sectional area of less than 6 sq. in. 
To accomplish this, relatively small gage wire must be 
used and some dielectric other than air must be provided 
for maintaining separation of the wires. 

Two types of cabl*e conductors present an economic 
balance at this time for general use. These comprise 16- 
gage wire, weighing about 40 lb. per mi. and 19- 
gage wire, weighing, about 20 lb. per mi. These 
wires are each individually insulated by means of a 
spiral wrapping of paper ribbon of approximately 0 004 
m. thickness and 0.625 in. in width. The wires'are 
twisted into pairs, the pairs laid up into groups of 4 
wires, termed quads” and the “quads” stranded to¬ 
gether and enclosed in a lead-antimony sheath of 
approximately y 8 in. in thickness. In a large portion 
of toll cable installations it -is found economical to 
provide a complement of both sizes of conductors in an 
individual cable sheath. This feature can be deter¬ 
mined only after an extensile and detailed study of the 
use to which the individual circuits are to be placed, 
n a majority of instances comparisons must be made 
as to the economies of a larger gage with those of a 
smaller gage provided with a greater number of tele- 
p one repeaters, it being possible to obtain the same 


which an individual cable is to be placed but also a well 
coordinated plan of its fitness to form an important unit 
m an ultimate cable network. 

In long-distance wire communication, therefore 
consideration is given in advance planning to the pro¬ 
vision of three types of service facilities! Between the 
scattered and sparsely settled areas, the open wire 
c»rcyit is at first provided. As demands for more service 
are encountered additional facilities are provided by 
means of more open wire or the superposing on existing 
wire of carrier current systems. Between the well 
developed and fast growing areas, however, where an 1 
extensive network of circuits is already in service the 
piatter of planning for future additions is a decidedly 
ifferent problem. Here is encountered the solving 
of many problems relative to the continuance of open 
wire construction versus toll cable installation. 

Questions of route, both as to desirability and 
permanency of location are of major importance in 
esignmg additions and changes in the character of 
construction. In the early days of the telephone 
business this was not a matter of great concern. With 
e ec rica development in the power and communication 
fields and^the gradual extension of both services, the 
problem ot the coordination of the network of wires 
makes necessary an intimate study of the induced 


grade of circuits having givrachara^eristics byeiZ « 

size of conductor equipped with a different number of areZZZ^ r6SuItWhenwiresof eitherservice 
repeaters. 6nt nUmber of j^ef “ d ° Se proximit y to wires rendering another 

to eXiSt >■*"- 
units. Practical operation requires the rentrJlZ Z te ! ephone transmission systems. The former 

of loading coils and repeaters at a minimum of locations 8 low frequencies while the ktteT &t re } atively 

In the average cable installation loading coils are nlaced thrrmoh ft *7 the latter transmit f speech waves 
at regular intervals of approximately 6000 ft and re am gh Z US6 ° f ^ Very SmaI1 amount of electrical 
peaters at approximatelyTmZteLk In' locaZ Zf “V* high frequenc ^ Even with 

th« latter, coneideratfon ZfTSL to ZZ *»»««• - ***- —17 


. j locating 

these ktter, consideration must be given to housing 
facilities as from one hundred to several hundred 
repeaters are usually installed at a given location, 
they must also be located in close proximity to the 
location dictated by electrical requirements. 

Toll cable construction presents many advantages 
over open wire plant. It provides at one time an 
equivalent number of circuits that are offered by seven 
or eight open wire lines. The ever annoying foliage 
interference occasioned on open wire circuits passing 
through wooded sections is largely eliminated by cable 
eonstruction. Of major importance also is the relief 
atlorded from service interruption occasioned by sleet 
and wind storms and the resultant costs of the restora- 
tion oi service. 

Thorough studies of the economic design of toll cables 
are important before proceeding with an installation, 
uue to the many circuits provided at one time and the 
relative high cost of cable construction it is necessary 
m economic planning to design a cable to serve for an 
extended period of years into the future. This requires 
not only an intimate knowledge of the present use to 


. . * ~*** V vm.*. w iv;cu energy 

in wire communication, the economy of placing circuits 
close together and of superposing several channels of 
communication on each pair of wires, justifies and re- 
quires an elaborate scheme of coordination between 
the telephone wires themselves to eliminate mutual 
interference between channels. These requirements 
are closely related to those |or prevention of interference 
rom external sources. Induced disturbances from 
electrical circuits rendering other services, when in 
close proximity to communication channels, may 
seriously interfere with satisfactory voice transmission 
and cause interruptions to service, damage to plant and 
hazard to personnel. • 

This subject of interference from other sources has 
been extensively discussed on previous occasions. 
Keference is made to it in passing for the purpose of * 
indicating the continued importance of coordination 
work by those concerned in the advance planning of 
telephone and power long distance service. If the 
more general use of toll cable construction should elim¬ 
inate the inductive coordination problem of today it 
would indeed be fortunate. Such attainment however. 
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frZ Lh a f? Pat f d ‘. Freedom thr ough separation 

tte annr er f eJe f a ClrCUitS and the operation in 
the application of remedial measures by all wire using 

companies must continue to be effected in the planning 

maintenance and operating practises of the different 

electrical systems. In the advancement of such co- 

bvThfif eff ° f r . t f notabIe contributions have been made 

W f U S. 7 i° mt committee s, such as the General 
Joint Committee of the National Electric Light Asso¬ 
ciation and the Bell Telephone System. 

Other problems, not of an electrical nature, are con- 

r^i ^ construction details of both open wire' 
and toll cable installations. Pole structures must be 
de igned to withstand not only the dead weight of the 
anticipated attachments but the storm stresses that 
may occasionally be experienced. These of course 
vary m different locations and are an individual field 
of study and research. Studies of this nature are nt? 
confined m particular to the telephone business but 
they are an important element in the.work of rendering 
proper service. Sub-surface structures, such as Tn- 
duits and splicing vaults form a large item of investment 
m all telephone companies plant. This type of con- ' 
struction is rapidly being extended, particularly7n i 
onnec ion with extensive toll cable conditiofts. Under ' 
ground conduits, into which cables mV be drawn i 
offer reasonabk permanency of location, freedom from £ 
&e destruction and the devastating effects of climaf < 

* 

staiiation. In this connection it differs from the ^ 
branches of Mvanee planning woAoS in(Wp “ 
usually concerns the provision oi a tCe „f „1 V ”, 

greater periods into the future ?P f plant for 0J 

sst'uatt :Ltz:z' sr*■ Materia,s ^ 

scope 7^ £ £ 

following brief review if fflTT “ d their results the Ia U 

S 

the small hamlet of a few inhabitants to the tog?^cS th™ 
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nm 


' f severa l -hundred thousand population. Inte: 
r and servm S these localities with long disl 

? telephone service are 178 main or toll center grou 

: and 424 so ca hed tributary circuit? groi 

- At the present time most of these are in ope? wir 
construction. In planning for tl^ future, quite naf 
urally the major problems center around the la 
and more rapidly growing groups. Correct solutio 
the future service on these groups however canno 

£ Ztr h ° Ut th0r ° Ugh con ^ dera tion beSg given 

' membeZ n "Z T, ™ S is bein ^ carried 0 ? by 

circuit milp f f he PaClfiC Com P an y’s staff. Many 
circuit miles of open wire construction is included in 

the future program. Extensive carrier current svZ™ 
are contempkted and approximately 1000 mi of ^ 
cable installation is being designed for the provision of 
scrv.ee over the next 10 year period. P ” °‘ 

Within the past 12 months a 90-mi. section of 
cable network has been completed between the 
randsco Bay area and Sacramento, California The 

ctoMds 1 fo *7“° Pr ° Vjde 295 yoice uduuuunication 

n«h Sd el? T? T‘“ ‘° ® aeram ento and poinis 
norm and east. Liberal orovisinn doo_ j. r 


north and ‘ Sacramento and points 

norm and east. Liberal provision was also made for 

service to intermediate points. The cable is of 19 and 
intervals of^fiOOO 7 7 ipPed loadin « Mils ^ 

San Francisco. The northea atof 

the present time J 

nr,e^“TWs?„Vc d H T‘ T"*" 
extension nonhw^r S ^ ' 

at wh,ch time it will form an intimate unit of a 
ST- yary * c " erall s thronghont the Sfate 


i prerent'°f If Cable network deluded in the 
present program, studies indicate the desirability of 

: lOO-S ofcam? the instalIation of approximately 
be aW f? Per annU “- A large part of this will 
sidembk reW? ng wire routes, although con- 
ground atin S will be required and many under- 

ground sections will be constructed 

ext"Jfyl S Z l Fr 7f C0 Bay there exists today an 

circuits tn anri ^ network * This provides cable 
ememts to and between surrounding communities and 1 

f0r the l0ng distance ^ wim 
The coni' 1 j ing ^ r0m the San Francisco Exchange 
laree n?i U6d f a * ntenanc e and future planning of a ' 
Inf indl d °1 tb,s netw ork presents an additional 
and n i pendent Problem, not previously refer ’ ' 
and not very extensively encountered in other locauue*. 

1 his has to do-with the planning of a large amount of 

submarine cable plant. large amount oi 

• ^ an Fra f| sco Fa y is aa extensive body of water, both § 
comrnn and depth - To cross it at strategic points with > 
steff 10n S6rViCe and place the necessary plant 
the n? ? m reasonabIe permanent locations, requires 
the use of submarine cables of closed sheath lengths of l 
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from 10,000 to 13,000 ft. These cables must be main 
tamed at depths ranging to 200 ft. In the crossing of 
the Bay from San Francisco to the East Bay communi¬ 
ties, a water distance of approximately 4 mi., two 10 000 
ft. sections are required to form an individual cable. 
The presence of Yerba Buena Island about mid-distant 
makes it possible, fo so sectionalize the cables into 
wo um s. This is a fortunate circumstance as ad- 
“ the ^ ° f ‘ he Mand t0 

In the short haul circuit groups rendering transbay 
service between the Bay area communities there isln 
use at the present time approximately 1400 circuits 
Some conception of the magnitude of this number of 
voice frequency circuits may be obtained by realizing 
their equivalent number expressed in open wire. Were 
it posable to render this transbay service with standard 
open wire construction there, would be required 24 

iotdrtelch * SUpportin S 8 crossarms of 

Until a comparatively short time ago all circuits en 
tenng and leaving San Francisco, with the exception of 
one very short circuit required in their path the use of 

taTe"L^ le ' ™ 5 Was a very 2Z 

nlL Vl 6Ver Present hazards to that type of : 
p ant and the serious service interruptions that usually : 

accompany a submarine cable failure. Recent X 

siJn^ZT maj °^ 011 Under ^ cable exten 1 
sions, have made possible a partial change in this r 

regivd, althovgh it will continue to be*neL^ i 
maint a Ii d T S l fUtUre addltlonaI service to install and e 

SS, t se amomit 01 submarine plant and 

attain °f . thes5 facilities p 

S tbe J“ d “*>“s ^guarding of the b 

plant and to the adoption of such operating methods p 

™w a nf 1 T nt ° f drCUitS that Wil1 require a minimum ti 
number of submarine cables. As the volume of service a 

plrmit n cimrt a ClrCUlt i gWUpS and pIant conditi °™ n, 
thri Sr t p PreV - 1 ° US 7 mterconnected at or switched H 
ugh San Francisco, are otherwise routed. While m 

patedtatoT 4 ° f eC<momies that >» antici- A 
' “ " S ' ln routings is an important of 
SV n the advance planning of. other parts of a ea 
telephone plant as previously referred to in the in 
undamental in activities it is of major importance 

Ba^ P anmng ° f to11 circuits across San Francisco W€ 

off 

? ther 1 and equalI y important features of of 
foS h0ne + !° ng i dlStanCe advance Planning could be set a ; 

I \ dlSCUSsi0n ' Those of an electrical and bei 
Zlt f Character have been often presented in gla 
nous formsland therefore have been omitted. This has tri< 

“:r: h i ointmt to stress *****»« * ^ S 

o P f l 0 t , he f CtmtieS concerned with the advance planning bo; 
of long distance service but more in an endeavor to brief! v 


set forth certain fundamentals of the work that are 
not generally realized by those not connected with 
e ephone work. While classed a branch pf the electri- 
nreb^ feSS10n ’ teIephone Pining and operation com- 
character lm Fi rt r t e J er ? ents not at & electrical in their 
to the art f^ nca \^mena and t{ieir adaptation 
to the art of communication are essential features but 

la^ed to thTr^ 06 / 8 thG S ° luti0n of Problems unre- 

of a Me^honet Successful management 

Incef TT/ ^ aS a reSult of these circum- 

cZn of Tj S1 V artUP ° n the study a ^ d appli- 
cation of electrical accomplishment, in part upon 

prevamnf 1 ‘and f ? reCast af econ °mic conditions ' 

served with , antlCipated in th e area being 
d th , c °mmumcation service and in part 

to P the coXT ° 7 mechanica l Problems relating 
stru^r, T rUC uT and maintenance of a plant 

service and n t to render an economic 

service and produce a fair return on the invest- 


f ELECTRIC heating for aviators 

f from 0 co^n liffib f S W , h ° attain freeziQ £ heights suffer 

av^W l b SPlt ! ° f thdr Phjrsical exer tions but 
, aviators w bo moar to even bitterer temperatures can 

less P aTT m V ° f feCt that they must sit 

- less as their planes climb to “the roof of the sky.” 

! keep warm electrically. The latest development 

_ equipment is a, set of clothing warmed by wire 
even to the glass of a flier's goggles. 

Projecting from the bottom of the fuselage of the 
irplane is a tiny, cigar-shaped instrument carrying a 
propeller at its front end. The wind edn-ent S 
y the motion of the ’plane drives this midget pro- 
. er ‘ It; tu l n ^ a sma H electric generator manufac- 
turmg current for use on board. A wire from this 
generator, running through a control switch, con¬ 
nects with the clothing the aviator in the cockpit wears. 
His inner jacket is heated on exactly the same 
principle as the electric hot pad familiar in most homes. 
A cord runs down each sleeve to warm the backs 
the fliers gloves and cords running through 
each trouser leg carry electric heat to the soles of 
inner shoes. 

uJ? 11 ? the aviator who c bmbs to great heights must 
Tir v h . eavy / urs and breathing apparatus, thus closing 
off his face from contact with the air, his goggles would, 
ourse, frost over and become opaque were itinot for 
a system of hair-like wires threading back and forth 
between layers of glass in the lenses. These heat the 
glass sufficiently to keep the lenses clear. Thus elec- • 
tricity serves the aviator in many ways other than to 
spark his engine, to furnish light on the instrument 
Doa-rd, to operate his radio equipment and to perform 
the other routine functions aboard ship. 
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Commitfefo^S P Tr T a «/ 

nlTj A , ? l * clneal Insul ahon of the Division of Enqineerina 
d Industrial Research of the National Research Council The 

' andi! PUr . P °j e ° f the com mittee is to foster research on dielectrics 
and its initial activities have been confined to the preparation ofZ 
series of summaries of the published literature on this subject. f 

remtiaaZZT 6 ”**} ^ W ^ *<> 

" thZLs of Z I* IT' Va Paper ° n dielectric ^sorption and 

Z7t n P e a oZ Under ^ °^ S ° /tte «« 

6i/ Pto ^<v Murnaghan, 

which ttiPhorir*’ li } et } e 7 St ' iS a summar y of existing literature 

IZZydlecZns tth VT U 7 P ° intf0r ° riginal 

is hoped that the discussion by the Institute 


will bring out obscure phenomena and new interpretati™* r 
data reviewed. The report starts moth n 'j .? ^ the 

subject of instability in electrical circuitZZZ^ ^Z 
instability in the case of dielectrics, in ZmTo f Ztr 7™ ° f 
characteristic. This is fnJJnmJ h j- 5 ° a siress an d strain 

hi ST." «,*■**-*-1 

down. The reversible and noZreversm IT r ^ 
failure are considered, the former in relation 7217 °! dul f ctric 
and the latter in relation to the pyroelectric theory tk f*? r ° n theor y 

lation area, the elZrode ZZ' 7, msulah ™ thickness, insu- 

h ZT e Z' temperat ™. rate of 
full report which summarize in a few ZteZeZ "7 T ™ ^ 
art, as it may be judged from published data. ° f tU 

* He He 5k ^ 


N 

I 


I Instability 

T is helpful to consider dielectric failure as the nhe 

ZZZth Which exists when voltage 

across the dielectric has been increased to a certain 

ollei ic unerrf TM WhiCh the cmTcnt bcreaaes more 

fall p unpredictable ways while the voltage tends to 
SJ* e . tot clear *><«"«* connecting the 

Slilftlt tST, ^ ““ Smeral ^omenon „? 

fW Z7 ty I s that of Stemmetz 1 in 1923 when he said 
dielectric' Se 8 STT 8r ° U ” d ttat the m «*anism of 

Stress-Strain Characteristics 

Ohm’s Law, a curve IS 1 corresponding to 

parallel to the current axis and fTT^i Vertlca1 ’ *• e -> 
correspondinv tn a • • ’ finally slopes backward, 

1i 8 c * rrmt with W 
“ * W ° Parts 


at such an immense speed^that it cannot he observed 
unless special precautions are taken. obser ved 

Wagner succeeded in plotting the entire curve bv 
ue,„g a» electrode of S ueh high resistance SalSI £ 
cult, as a whole, had stable characteristics i. e. current 
rising with voltage, and thus stabilized the dielectric 
m the same way that a ballast resistance is u ed to 
stabilize an arc. Current and ! sed to 

tot taken with the 

another, and then with the dielectric betweS Z 
difference in voltage for the same currentTZ So 



c 

Fig. 1 


*AhZ w * — passed 

of 

^ tOtoef Habirshaw Cable 4, Wire C.,p„ V, 

Br “ Uy “ Edi *0“ Co., 55 Johnson St., 
JlWeh Assistant, Johns HopH ns University. Baitimere, 

Mihxt "hZ s iT r s:rr * * '• * *. ^ 


tST ac ross the dielectric corresponding 

rtrr- /ft rai form ° f these 

cathode Vmfied by ° tW ’ 4 ' 5 wh0 ^ hot 

restrain the current! 11 861168 Wth ^ dielectric ’ to 

In all these tests, direct current was used Corre- 

obtameT ln? ^ alte ™ ating current ha ^e not yet be® 
obtained, indicating a fruitful field for research. 

effort W fZ , a PP ears to have been done on liquids in an 

althoni r T n l the volt ampere characteristic 
d S Gunther-Sehulze 6 made determinations of 
dielectric conductivity over a considerable range of 
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stress es and found a tendency for the current to de¬ 
crease with increase of voltage. This may be explained 
by consideration of the fact that the voltage witad- 
ually increased and this gave additional time fofim 
purities, which apparently constitute a considerable 
number of carriers, to be swept out of the field. 

The shape of the curve for solids has been explained 

ol ffi agn f 6r ,° n the basis of the negative temperature 
®.® cleat °f resistivity characteristic of all dielectrics 
and by Peaslee 7 as due to ionic migration. . 

Dielectric Overstressed Without Injury 


1003 


That part of the dielectric which has negative 

Cl Jh 


nTwtothe^f 7 b ° k ’ SU f aS A in Fig ‘ 2 - Referring 
valueofZ e > e Chaj,aCteristiC ' “ ««* 

potential gradient SI y corres Ponds with a definite 
gradient a?ahrfdV ^ re f esentin £ the potential 
Srvetin Kg. 2 ^ be Pl ° tted > “ by the 

curved ^ rent d ! nSity is increased > the maximum of 
St ° UtWard ‘ In d0ing so > area to the 

decreases i? while to the right 

isa certain SS b^e 


between cylfoders He Z T *?* 18 the t0tal voltage 
■ ers ' Hence there is a value of the total 

is overstressed; that is, it would fail but for the stabiliz- voltage B such that dI 



«‘bit f r 2 ; t r ainder of thc insuiatio1 '- which 

aIon * lines, 

bed an experiment on a dielectric which had been 

unequally strtssed for a short toe so that one p^t wS 
stressed above the point where || . and he 

teSlltt* S part - *** subsequently 

tested alone, had lost none of its dielectric strength. 

Stresses in a Dielectric with Non-Uniform Field 

trie* n!f SteP t0Ward pUtting the behavior of dielec- 
pon a quantitative basis was taken by P L 

coufote I ° Sh r d that the ^eristic Lve 
current deiStT^ S IT ° f potential gradient and 
beplottedfori 6ref0re if the current den sity 

dielectric ^ various P a ^ of an unequally stressed 
electric, the corresponding potential gradients and 

dl 


dE ~ 00 • T bis will be the 

breakdown voltage. 

former d oil k ulinT nti0nS reSUlts ° f tests on trans- ‘ 
rmer oil using concentric cylindrical electrodes of 

^ ff S.late?’hwb flnCl !, that b-akdo™ s^tf ■ 
themaritumSp 6 ^ ^ logarithmie formula for 
Pee ™rretT > C T 0nStant 0n the other band, 

elusion fW T - S ™ l ar tests > comes t0 the Con¬ 
ner cm I ^ f 6 18a definite maximum stress, (36 kv. 

conductivity wftniH Value - &t which an increase in 
conductivity results from ionization by collision. 

Another factor which may be of considerable impor- 

generahy oyTriook? and which seems to have been 
generally overlooked m the computation of stresses 

a hough it is made the basis for many explanations of 

the phenomenon of absorption; is the TomMned in 


values of 


d 


E can be Plotted from the characteristic 



Fig. 3 


from T bchavmr of the dielectric deduced there- 

ous oofoH °g ther W ° rds ’ if the ennrent densities at vari-* 

metrLd 4 ^ computed from the resistivity and geo- 

be derived°fromth tl0 L ^ corres P° nd ing stresses may 
oe oenved from the characteristic curve. 

bus, m a dielectric between co-axial cylinders i *> 

^ ^ ^ CUrre,lt be 
m an parts of the circuit, the current den <?itv 

must decrease radially, and may therefore be repre- 


Irreversible Deterioration * 

Thus far we have dealt exclusively with so called 
momentary stresses, i. e., those which are not main- 

ssr* to prod ““ “ ***<£ 

sit 



—I _ 
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• permanently injure oil-impregnated actions have been observed and explained It is there 

1 ; r ‘Nation and tbat the in i UI T is cumulative, even fore.clear that for any finite period of application of 
! ‘ ' trv *** be applied intermittently. Other ex- voltage, these cumulative effects will cause progressive 

I«!i»nter* have verified this conclusion and extended deterioration until the bulk of the dielectric has become 

triltw “ !“ fe k ,an|!e . 0f materiak Clark aIso worthless as a ballast resistor, and the remainder 
l ' ug f er “ s observation that momentary over- insulation is carrying such a current that the 
^ ni,Jures no appreciable permanent injury. ,/ . th<lt the ent,cal 

the nature of the injury depends upon the material, point, where — = „ is reaeW fi™, • , - 

and may be any of the following: * P dE “> is reached therein, and failure J 

A. Direct effect of stresses _. * ,. ,, 

a. Polymerization and condensation, on the 

b Redistribution of component materials ac- varying 

fOrdmg to specific capacity, ' verified by the wt* of MundS 4, 

' • ( hange m surface tensions between com- and Moon 79 d 

ponent parts, m ,. ’., , 

B. Indirect effect of stresses , Tru , e llqmds do not 

■did" Z ’" ?l 1 pol -™ en ' za ' i ‘>» «the formation of the mate DKterle ”' “ ‘ “ 

to— as “X,” in mineral the ma 

iwatZ JIT. “ °“ 01 the “portait almadj 

mrh •; , f 011 im Pregnated cables. In nm-mit 

p ^ ,y ' ot:xM “ d 
I, ., materials, an air or vacuous pocket 

Material wiiTbe Sven a °i d | S , turban , ce ' the liquid Miles 

aiming the latter" Such^dl *5® thereby serious 

ultimatdv liak tocretLr 7 ? f ree would relation 

leudint ^fL^ lom f tion would be followed 
hke patterns 31 . The projection of •f r l dritlc or tree ‘ W - s - Clark and g' 
stress to those of low stress in1^°“ places of Ro P er25 > 

PMvnt-ly due* to an increase of 2 is a P' lation to 

mrmd oil m eon W ared7o thirl Z" 10n between this time 

nr ^ wvest,ration in the case of glai ^ b they are C01ned th< 

a ^^ ^ thB welI -J“owm 

b fcvvrshed** in 19 U , ted by the worg of and considering thf> Z 

^taMhewi o ^S S r a drt°t n b 0tMmS 

^J^dectrepoeittve to practicallv all d f. bo . the water tb an the surrounding m 
and being. S^dlf^ «H-ta»w» fact” 

- E2£££7L'r 

-S , ort^ircuiting rhe the effwt » f te ”>P™tare.’ 

1 WE ~Voltage Relation 72 R has ? 1<>W 

; 4 between the breakd™*™ ,x Perature, which 

? : >d cba °Sas little with the time ^pirical 

—‘ curve suggests two influences to? w d 

an action which is re » 2 fila ment. 

own andtheother tot later f °nnd t 

actl0n - Both of these ?TT d for this 
6Se ^yfus" H. R oe 


Thus each point 
two actions 
This conclusion k 
analyzed by Bush 

seem to be influenced by the time 
voltage although there is a time-lag 
and Peek 21 has found this 
laws as he established for 
s of tests with semi-fluid 
line the relations between 
continuously applied stress and the 
otiifj gained results similar to those 
„ r are too few to 
expression. 


noted tor solids although they 
establishing a mathematical 

Pyroelectric Theory 
Walker 23 , in 1912, was probably 
attention to the dielectric loss 

oil 7~ r B ‘ kbankhn 2 * 1 and in 1922 bv D W 
0 w om dealt with average losses in re 
mass heating °f cable dielectrics. At about 

to the rr P n nme , tZan f J '* R ‘ Hayden contributed 

ename g ‘w a w 1Cati ° n ° f tflis th eory and 
e name pyroelectric theory.” 

agner 2 m 1922 went a step farther by taking 

unevenness of dielectrics 

of a filament of higher 

expressed it, lower resistivity 

w , He laid Particular stress 

hat dielectrics, unlike metallic 

negative temperature coefficient 

‘ resistivity decreases with rising 

resistivity exist^°in 2^1 ar ? e - nt ° f C ° m ' 

which occurs L J ^ , / dieI ectnc, the extra 

in t2 Z a WlU tend t0 rais ^ R s tem- J 
. Um by decre asing the resistivity will 

failnr. mperature ’ and so on ac- ! 

failure occurs due to burning. 

theory of deveI °P ed by Wagner 
equation to the ternne ^ lIure by ^si^ning an 

fuming arbfJS a ; ^: resistivity r e la- 
lam^4. rni ^ a certain diameter for 

denenT^^f^ 6 resuIts obt ained 
liamof Yerylargely upon the value 

UoT T er ’ TOrk by I* ■ 

’ w - R °gowski 2 «, Von Karman 29 , 


_ relation 

l * * 

*-—- — %.*J 

h wrfiamcter 
?*** for short 

Inwra ««» time, 

F4,r^*;vtly low j 

\'’.;' , ' :> mifnrmof7he 
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H. Gabler 5 , and others, has‘shown that the theorv + * 

as developed by Wagner, is untenable, both from \ cl? 11 ^ t0 the mecha nics of moving ions and other 
theoretical standpoint and because it yields numerical argec * Particles within liquids, 
data which are widely at variance with facts ~ 

should ^ 0f T agner ’ S the0ry in a Quantitative sense 
should not be interpreted as discrediting the general 

rlmhf e ji tne , theory ’* as emulative heating is un¬ 
doubtedly a factor m many cases of dieleetrfc failure 
It is not that the theory must be discarded but that it 

complete and ' made ^ °' a more and 

8 ‘ 3 ® e “ s t0 have been no attempt to apply the 
pyroelectric theory to liquids and indeed it is hard to 
see how this could be done since the existence of con 
vection currents would tend to mask any of the detail 
phenomena assumed for solids. 1 


Electron Theory 

Thus far, our studies of dielectric behavior have led 

us to explain fa dures in terms of volt-ampere character¬ 
istic and chemical deterioration under stress To he 
consistent with the spirit of the times exZations of 
these actions must be sought in the electron theory 

miSTbeZo ^ping in this directs 

might be recorded, involving ideas of ionization bv 

demons "but Z 46 ? P Z ment ° r ““Motion of 
electrons, but no really definite results have heer 

Since the preparation of this report, however an 

important contribution on this- subiect II I 

published by Joffe, Kurchatoff and Sinelnikoff 2 ". n 

Gunther-Schulze 6 discards the theory of ionization 

the C ? h° naS presented p eek 2 ' on the ground that 

elL v C i° Slty and Iow mean pfth require 

velocities^and'llf 0 * 6 ' 1 ^^ gPadi ® 18 to produce ionizing 
velocities and these m turn mean localized field distor 

turns far beyond values that are reasonable to expect 

relation bir * ^ ° f Freise36 and Koch 3 ’ on the 
notes thl r PreSSUre and dielectric strength, he 
between theTehl 1- • surpr |? in ? Qualitative agreement 
suTZiZ aV1 ° r ° f Iiquids and g a ses under pres- 
’ a ? d then suggests that slow moving ions of con- 

£ tC "" T T “ the Z 

occludTd TZ aS the spaces formed ^ 
eluded gases, ionization is produced by collision 

He also suggests that there may be originally small 

ZSZ t ****«b ‘o £Sh52 

2aai iZf 0t mment vatae “» Produce 

ZZiZr® the mem free f ath 

i-nd W U i- d K e those - corres Ponding to a vapor 

vouid not° bo iqUld ’- S0 f hat the required field strength 
uld not be excessively large. Schumann 32 presents 

eed^btaiZ 1 ^ Z CaIls attention to the 

nmg further and more accurate informa- 


Research to be Undertaken 
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CORRESPONDENCE 

MAXWELL’S THEORY OF LAYER DIELECTRh 

Editor: 

in the July leeve o/J 

ri ’ • ? r ' Mu ™ a ghan’s exjtression for the charging current 

“ sS 

' S “ —" ^ “venS iS 

conductivities and dielectric coS“ 
and to then measure the absorption presented hv thi 
'■ “I these perfect dietaries. SSIf 

, M^tncs can be found for the experiment, wl&h ve 

“S kel ' : f mer "f with dielectric’s containing 
- -1^ kmds of imperfect materials has shown us the 

influence on the resultant absorption of the association 

n be no doubt that a mixture of several perfect dielee 
tacs having no absorption but different SSST I 
and dielectric constants, will show absorption On the' 

“a d ctr it ^ t lieVe that that ^orptitS 

tollow exactly the mathematical laws established hv 1 

values U 0 C f n th int ° d he eqUations of Maxwell’s theory the 
ttT^fl^“ tieS and dieicctric constants of . 

• unfr 4 diele f ncs composing the mixture. And this 

cause eouat Se Max ^ elFs theor y is erroneous, but be- I 
app v i St est / bllShed for the case of layers cannot I 
condlt I t u ° fa l mixture ’ for the reason that alotof ‘ 
th f breakin g° ftkelinesof force at 
md n l, ePara i ° n ° f tW0 P articIes of different 

tartfetou t ^ - fche influence of voltage across a ' 

the nK +• 6 con d uc I lv ity in such a particle, will cause 

estabhZS °t° diffGr in its behavior from laws 
perfect Sect he , Case of a bod V composed of layers of I 
We thi11 f havmg Certain definite conductivities. I 
We think therefore that one would not be justified in ft 

measurS ing MaxwelI ’ s theory in case the absorption II 
ZrZZ r T tUr6S of dielectrics, such as are being I 

d redetf, • ^ r ' ^ ouwe nhoven, should not follow ft • 

predetermined equations. E. E. Leghait. It 
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A Precision^ Measurement of Puncture Voltage 


BY Y. BUSH* 

Fellow, A. I. E. E. 

Synopsis— A description is given of an avvaratus , 

matic determination of the dielectric strength of thin sheet in « 7 V? °~ 

ZnTT “ « “* *”« “« 

The results of over 100,000 punctures are given An in,,.,- 

of the effect of temperature indicates that none of these punUures 
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T HE pyroelectric theory of insulation breakdown 
introduced m 1922 by K. W. Wagneri andTn’ 
dependency by Steinmetz and Hayden* gave a 
great impetus to the study of the failure of Jm di¬ 
electrics Several investigators, particularly Dreyfus* 
Karman and Rogowski*, have added to the theory’ 
while others such as Miindel* Rochow^ and Gabled 

have attempted experimental verification 

The experimental results to date are, however, meager 
and unsatisfactory, and cSnstitute a serious harder 
m the way of further progress. One reason is the 
difficulty of getting consistent values of puncture 
voltage. Breakdown measurements are inherently 
more erratic than either resistivity or dielectric bi 
measurements Puncture depends evidently only on 
the strength of the weakest path through the dielectric 
while the measurement of other quantities is more or 
less an integration process giving an average of all the 
elementary paths through the insulator. The onlv 
solution of de difficulty seems to be to take the average 

of a great number of readings rage 

b ” iId “ >»tomaacmachine to 
make these breakdown tests in large numbers under 
accurately controlled conditions and with She minimum 
of mannal labor. Such an ouiit was completed* 


rheostat in the field circuit. The value at whinh 

occurs is recorded hy an 

resultf o 3 fT« r ono reS " ItS “ re obtei ”aHe is shown by the 

papi Kg 12* "tZTZZ ° n thi “ 

£ * 6 vote Thirst p ? Ie ermr of dai, y average 
material under the 0^1^'the 

T°? e % C °Z‘ Cl * SS «** or less than i 

investigation of the sources of error has lid us to 

Recording 
Voltmeter 


To Trip Coil of 
Circuit Breaker 



Sensitive: 

Relay 

jVK 


Telegraph 

^Relay 

s ( 

Ground"^ 

nrc_I —-- 

_ 6 Volts 


I lll5 Volts 
D.C. 


Fig, 1—Simplified Diagram of Connections 


MassadrusettsYstirirte & of &,*} JSTL** “fV tU to hour 

M25f. In the school year ofM25af iZ M ° f “ 1 day to day is caused by variations in tSe 

made with . tv., ‘ 'Vi „ .„V 26 - 26 - 130 ™ns were Paper. The accuracy of the results ds„.„a. 


1 QOZ+ Tr, i i': * VViUlviy ^ U* me iaii oi 

J.925f. In the school year of 1925-26, 130 runs were 
made with a total of over 100,000 readings. 

tainable a ffilof US t Wi11 &ny thin sheet material ob- 
tamabie in long strips. A piece 1% in. wide and about 

The outfit ^ SUffi , C16nt for a day ’ s run of 1000 punctures. 

insulation feed ° f & pair ° f electrod ^ an 

automaJLn mecha “ sm ’ and suit able means of 
automatically raising the voltage and recording the 

value at which breakdown occurs. The feed mecha 

lengthTfTnsul T* ^ PUncture - b ™ging a fresh 
J}f tb of insulation between the electrodes. A 4000 


volt, d-c. generator is used for theleste'the vottag^' mach f ine j Sse P arateI y excited ffomle 

a ~ ra ‘ e ty » motor-driven varl the ^“lutomaS,^.^* 


a constant rate by a motor-driven 

i* B °For° f a ?T e f aSS - InSt ' ° f Te ° h -’ Camb ridge, Mass. 

T Jauthor, tT + eS ’ 866 Bibli0 ^ a Pty in complete copy. 

Presented at the Summer Convention of the A 1 P v n •/ 
Mich., June ‘ 20 - 9 , 1 , levy n , 1 3 A ' J ' E -, Detroit, 

’ June 20 - 24 , im. Complete copies upon reguest. 
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nnner Tier, I -vcuictuoilS m tUe 

paper. The accuracy of the results depends, of course 
os The number of readings averaged for each point’ 
and upon the variability of the material. With a 
more uniform material than paper, still more accurate 

Ladings 6 ° btained . ^ the Same ^mber5 
Apparatus 

■- - Diagram of Connections. A simplified diagram of 
connections is shown in Pig. 1. All tests are made with 

ThTlldTL furni , shed > a 4000-volt generator. 

he field of this machine is separately excited from the 
115-volt mams, a motor-driven rheostat being # used 
vary the voltage automatically. This rheostat is 
driven by a small synchronous motor, and twice a 
minute raises the generator voltage at a uniform rate 
trom zero to a value somewhat above the breakdown 
point of the insulation. 

i ^ S 7° bage * s a PPbed to the material between the 
electrodes. When puncture occurs, the rush of current 
operates the relay, Re, which trips the breaker in the 
field circuit of the generator. Across the line is also 
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r 

* connected the recording voltmeter, V m. Every time ' Results 

the voltage rises, this voltmeter draws a line across its Effect of Temverature It seems n 

: n\ poin , t T contiMestom r slow,yacrosslhc a. 

c hart until breakdown occurs* when it falls hark to * u i j r ±. f T 

| „ w . 11 iails DacK 10 of breakdown. It seems equally 

zero clue to the opening of the circuit breaker The +i» + ;l n • - 71 t J 

L ure£iKer - that the theories will fail m other ca 

voinse f “ h “ S a ot the application of voltage, very low anik 

•>« before the motor-driven rheostat is ready to start * e,tem *, tti " materials In' « 

raisin* the voltage again, contacts on its ScloL Sd '* h «“ 

operate the feed mechanism. This pulls a fresh piece ' rxrij-j- n _ 

of insulation under the-electrodes. At the same time, I T*-r uz 

the circuit breaker closing coil is energized. The volt- 0 f j —— 

age is then built up as before. The cycle of operations o jinilll.ill.... 

w thus aH foIlo "«: Voltage is raised slowly, puncture or- 


•Sample Vol 


tmetek Chakt 

325-700 volts using voltmeter tar; 


Fio. 2 —Instrtj 


ment Board 

cure tripping circuit breaker, feed mechanism 
cineurt breaker closes, voltage starts rising ass 
“ repeated indefinitely. g ^ 

apparatus. On the left of 

-’• At the right is 

senes protective resistance of 
- . . , directly below the relay. 

»n the right foreground is called the 


rig. 2 shows some of the 
tfce board is the recording voltmeter. 

the sensitive relay. A r— 

50,000 ohms is seen 

The large box i ' 

»tant humidity box. 

Procedure 

General Electric condenser 
3 was a good grade of rag 
shed, oiled, or otherwise 
ased, not because of any 

properties, but because ‘ 

Jr ’ 

in long strips' °AH tests 
i a angle roll. 

were madc ‘ 

number of lines rulS hv fisted of 

each line representing the voltage 3 ^^ ^ 1 

occurred. A norrinn , u , at whlch one I 

The lines are ruled 40 to tLu sIlow ? i 

is obtained bv adding all ti, 1DC ' 
dPlcPianrg 

readings. Hourly averages *1 ft by the , nui 
each consisting of rho <s ^ e a so s °nietim< 
taken in one houn S * ° f the 100 to 120 r 


All the tests were made on C 
tissue 0.0005 in. thick. This 
stock, and was not varnishi 
reataL This material was u, 

special interest in its r--• 

paper from a 
From hso 
The 


Temperature. Deg, Cent, 


IG * 7 -~ p ^obable Shapes 
A—Predicted by tL 
B Probable shape 

“thermal" breakdoV- 
it seemed The question then, r~~ 
matenal which could be of each theory. This 

.es.s were made with i nve stigation. 

If puncture voltage be 
hermal theories prec 
h Purely disruptive 


or E - o Cu: 
thermal theories of broakdon 
■ for Uistruptivo breakdown 

-own and “disruptive" 
arises as to the limits of; 
is a subject for e 
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ture, as in the curve B. It seems likely, therefore, that 
if a curve were obtained for any material over a’wide 
enough range of temperatures, thermal breakdowns 
would occur in part of the range and disruptive break¬ 
downs in the remainder. A combination of A and B 
would result. Such « curve would prove the existence 
°f. both kinds of puribtures, and might lead to some 
criterion by which the transition point could be 
predetermined. • 

The results obtained, are shown in Fig. 8. The tem¬ 
perature was varied from - 2 deg. to + 130 deg. cent, 
as wide a range as could be conveniently obtained. Each 
point represents a daily average of from 800 to 1000 
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we consider the insulation to be non-homogeneous 

S h ! 6 T n i ary 1 area between the electrodes having 
individual value of dielectric strength, and if we 
assume further that these values are distributed 

that r n mg f t0 the n0maI f ° rm of Probability curve and 
that puncture occurs at the weakest point, then the 
breakdown voltage should be 

* & ~ C'i — C 2 log A 

slants ThS f t eIectrodes and Ci and C 2 are con¬ 
stants. ^ This is known as the “weak-spot” theory 

Farmers curves were of this form. The experiments 

of Gewecke and Krukowski 21 also seem to support the 

weak-spot theory. Further work by G. Y. Fong*> and 


140 160 


ow xuu IZU 

DEGREES CENTIGRADE TEMPERATURE (0) 

Fig. 8 Breakdown Voltage As a Function of Temperature 

Rubs 103-130 
Electrode No. 3 

Electrode pressure = 210 lb. per in 2 

tsssssns,; ”i‘ o ‘ - s ** <*” 

b * i,a “ ~~'»» *«■«*>«.«. 
Each point represents the av&rage of from 500-1000 readings 



Pie. 9 Breakdown Voltage As a Function of Electrode 

Area 

Electrode No. 1 


ion d !i ngS ‘ I1: WiI1 be noted that a rise in temperature of 
, e £- cen t- causes a diminution in puncture voltage 
of only 15 per cent. 8 

The curve appears to be of the formB rather than A * 
further analysis given in Appendix A leads to the same 
wmclumon; namely none of the punctures obtained in 
these tests occurred according to the thermal theories of 
breakdown. This is probably due to the very thin 
material used and the excellent heat-transmitting 
properties of the electrodes J. Further tests are now in 
progress with thicker materials with which it is hoped to 
obtain curves of both the A and B types 

, uff* °{ Strode Area. Considerable work has been 

In 1 q]q m P ?V/ g ™ dhlg the effect of electrode size. 
In 191 3, Mr. F. M. Farmer 2 " presented the results of 
ests on varnished cambric and hard rubber with elec- 
fa ^des of v arious sizes. Mr. Milnor 44 showed that, if 

recIavTn^ 1106 /"* 11 the J ° ffe theor ^ of breakdown which has 
f . y a PPeared, our curve is a measure of the number of 
ons existing m the material at various temperatures. 

very^aluahlt^ 611 ^ SinC6 ° Ur paper was writ ten, some 
pubhshS V° r « y ge ’ Semen0ff and Walther bas been 
break wbAro f ~ f rveS are stained showing a decided 

ch “«» d *>» 


Kennedy and Wiseman, 24 however, have cast some 
doubt on the validity of the theory, and nothing really 

conclusive seems to have been decided. 

In connection with an investigation of the various 
factors which might have caused errors in the E — 6 
cu£ve, some runs were made to determine the effect of 
electrode area. While the evidence is not conclusive 

it seems to support the weak-spot theory. 

If the weak-spot theory is correct, the breakdown 
voltage obtained with large electrodes of area nA 
should be the same as the lowest value obtained in n 
consecutive tests made with electrodes of area A. In 
other words, puncture should occur at a certain voltage 
corresponding to the weakest spot in a given area 
regardless of whether this area is tested all at one time 
by the use of large electrodes, or is tested one section 
at a time with small electrodes. Thus if a large number 
of tests is available, using one size of electrodes, the 
puncture voltage for electrodes of twice this area should 
be obtainable in the following way: Consider the results 
m groups of two, discard the higher value in each case, 
and take a new average of the remaining figures, 
similarly, the breakdown voltage for three times the 
original area should be obtainable by dividing the 
readings into groups of three and averaging the lowest 
values of each group. 
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iri ST^ 116 ta “*? T °‘ EIectrode N »- 1 <*■^own 

m rig. 9. The area of this electrode was taken as unitv . 1 -J 

for convenience. It will be noted that the result is * V ~ ~a 7T^ € " 

very accurately of the form result is <rV 2 x 

. 'E-C.-C, lo gA 

as was predicted by Milnor. Our tests therefore distributionj s ofaT^nr” w‘ sIlowin e thatthe 
support his proof. His assumption ofTaoSfe for the ™”a«om of ^1't?" SUCh “ is obtei ”d 

“e har*r voltages (an —■■»*» ”^t *—§■ DSulr„Sed rzt purely 

« y o^,—“ TC “> *> £ •»• one sh„wr d Th°: h^t™, 

andfou? 5“^ ^ ^ Witl1 el6Ctr0deS ° f a j anttoet ‘ C m ‘ Tme 0t ' 

J^^Thea^ehe^r^Zrf RfflTTOfcf 

the three curves should coincide. Though all curves 
have practically the same slope; No. 2 is about 2 per 
cent higher and No 1 about 2 per cent lower than 

No. 3. Probability theory shows that this is too large My-I— jH—A—JAL^ 

a discrepancy to be due entirely to random variaSn 

St ou7t?' f T1 HWy Caused by * ‘'seasoui™ 

m£dT ft h7r eKd rfUr th «* ™» ware 

nnisned-j it i S also possible that some thermal nr H- h~L4 -4 r T?M I 

spoftfiry a %P resent wh ; ch are Snored by the weak- 4iP=|p^^ 
th-7 is at least ** the Fig ™ 

The Standard Deviation. Fig. n sh the frequency ' Peobability 


T 0ne ^ e ^ng=T^xi o H 
1 r^njy^atef- r~i 



VOLTS DEVIATIONS FROM DAILY AVERAGE ^ 
Fig. 11 —Typical Probability Curve 
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Run 108 
<r =43.1 volts 
1 

<r VS = 9: 


= 92.6 X 10 4 


"10 

SIZE OF ELECTRODE 

n«. 10 Breakdown Vos™ As . F„c,,o„ „ ^ 

ASea 

Average of 8808 readings 
Electrodes Nos. 1 , 2,3 
Electrodepressure =210 - 850 lb. per in. 2 
v Eelay protective resistance =56 X 10 3 nhm«s 

Voltageraised at 1800 volts pcfreta. 

each test; “ 6nSer PaPer baked m vacimm for 8 brs. at 72 deg. cent, before 


£S2!r and th " S " -ost probable voltaEu 

constant a in the above equation is called the 

tZZ m t° T ' 14 » 3 very import^ 

nstant ii^statistical work, since it completely specifies 

the d. s tr,h„t.„u and thus takes the place of a Z rf 

puLturIvolt?i dard d de '' 1 t tl0n W8S obtaiMd from the 
puncture voltage readings by the use of the equation 


tne material.* ™ 

*unto g a th n e f nu r m be day ; s T This «“ obtained bv ‘ he Standard deTiati< >” be of 

interred 8 To " ? read,r, e s in each 10-volt E mportance m future insulation enmneering. 

ha t r I theLtZ°l th C “™ - «» b - bab i b V c^e ^ 


interval. The smooth cu™ is 

having the equation—, Probability curve 

*See FigTli. 

fAJl tests were made at a temperature of as ,1 
ity of 0.4 to 4 per cent nnrJ q Tr^i+ • ^ cent., luimid- 

Per ° entl and a v °hage nse of 1800 volts per min 
fSee ‘ ‘Effect of Polishing Electrodes.” 


from^the mean the sum °f the squares of the deviations 

Sr X“ d i B v„,t r ber of r ^ ines - in 

an°d m °S US matCrial W °“ ld --“pS™c™ 

and therefore a smaller value of sigma A more 

IonstantTL enal W a Iarger sigma ’ Thus tbe 

the material.* measure of the inherent variability of | 

pr^tr d t that ^ Standard deviation wfll be of 
practice importance m future insulation engineering. 

IS i w 1 ! aCOnStan + t 0f the ma terial, Just as iSportan" 

indicates^the a P f UnCtUre ^° ltage ‘ The Puncture voltage 

the sta?dl^ T ra f VaIue at which breakdown occure; 1 
the standa rd deviation tells how much variation there 

§See for instance, Bibliography, 44-50. 
ment ° f Course - the accidental errors of measure- 1 
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o, the ho urly and dai, y 

much finner foundation than would otXsebe IT ponding values ]predicted:from l 
possible. The constant should also be of use in the 4 by Probability theory, sh 

specification of insulating materials. The variability XXXXX VaIu6S are to ° high - 
of the material boftght by large cable or condenser Xtf XVX is, however, not’m 
manufacturers, for instance, is of the utmost importance that thT^ h ° Ur ! y 1 s 1 lgma - ™s woulc 
to them. By specifying a and keeping it up to standard (*»T una ^ 0ldable changes in hum 
by tests made on samples from each batch received - y - atlons which did not occur fror 

the manufacturer would eliminate one of the variables n °^ I" espons ible for the variatk 

which tend to produce a non-uniform product. Variabl6S TO ® 8e * is thou « ht ** both h 
Precision of Results. As previously noted Fifr 12 
shows the results of 16,000 punctures made under'the 
same conditions. The temperature was kept at prT~p]-i— 

40 deg. cent., the humidity was between 0.2 and 0.4 Pn4HH-4t444_ 

per cent, and the electrode No. 0 was used throughout ^IlirTT^HLL—- 

Fach point represents an hourly average of between 100 1-U-r— 

and 120 readings. The ordinaes are the devMons j 

the hourly averages from the average of the day in H- 

which they occurred. The abscissas are merely con- r44-U-yr^;X^ 

secutive hours of run. With the exception of the first RR+CpQflJtt 

run, the data do not appear to have any decided trend ‘—13= 

variations 7 h ™*’ X T 6 ” 1 t0 be purely random 1 V0LTS devia ™ns from daily averac 

in the paper Slf “ P “** d fr0m variati °as /'»• Hoc, 


SaStilTR 0ld T T angeS in humidity and baking 
(yaniations which did not occur from hour to hour) 

average j® S1 ? 0ns ? ble f ° r variations in the daily 
average. It is thought that both hourly and daily 


[One) rea ding |=3.16x10' ; 

1 j^oTy^ald 
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' VOLTS DEVIATIONS FROM DAILY AVERAGES +3 ° 

Fig. 13' Probability Curve or Hourly Averages, 
Runs 39-60 


38 I 39 40 41 , 42 . 4o , 

rfT'tmti 


RUN 

H-rh-i I ”, | <a , I ” | 50 1 , n 'i a i m i St, " , a , si fs, 


cr =9.19 volts 
1 


= 0.0434 


Splper iSf dUC PrindPa “ y 10 inhere,,t i- 

Appendix C also shows that the probable error of the 


4444444-X-X 

Hours after Lapping Electrodes —— 

--4 1 — I-_ 


’° “ 60 80 houS ““ ™ ™ 180 ' 

Fig. 12—Voltage Deviations, Runs 38-60 
(Hourly averages minus daily average) 

T ia 4° ns are ran dom and follow the normal 
law is shown by Fig. 13. . The points give the frequency 

curvT^ X t? th ? e , h0Ur 4 aVerages - The sm ooth 

curve is the theoretical probability curve. The points 

a smaHumt° Ut fX* aS COuld be expected with such 

LX ^ X 4 ° f d X 0nly 150 P° ints - The next 
curve Fig. 14, shows the deviations of the daily averages 

59Xnclusivir ge ° f the 6ighteen ™ nS fr ° m N0 * 39 

AntenS iS p Cal mf aIySiS WaS made of a11 the data, 
For th 1 4 44 actuaI vaIues of <r are as follows: 
For the individual reading, 40 volts; for the hourly 

^erage^.lQ volts; for the daily average, 5.3 volts 

eXX 8 4 S n0t US6d beeause ^ its low average. This is 
explained m the next section. Runs 49 and 50 were made but " 
the hourly averages were not computed ’ 


Hours akerLapping' Electrodes 


° 40 60 8 ° 100 ' 120 140 160 ' 180 , 

Fig. 14—Deviations of Daily Averages from Total 
Average of IS Runs 
All readings corrected to 30 deg. cent. 

m 

daily average is 3.6 volts, and thus the daily average is 
correct to less than one per cent.f Analysis of the runs 
used in obtaining the E— d curve, Fig. 8, shows a • 
similar situation. The probable error of the daily 
average in this case is 4.7 volts, giving again an error of 
less than 1 per cent. Thus the accuracy obtained by 
the machin e is evidently much greater than could have 

tThis, of course, ignores any constant errors which mav have 
been present in all the tests. 
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UJF JrUJNUXUXi»J 2 j 


most "tests, though it appears not 

_ Jf 1 - _T n • i . 


* j m m -»i <m j. 




•r 

, been reached by the usual methods without an undue has been present in most "tests, though it appears not 
expenditure of time and labor. to have been noticed before. Evidently if tests are 

A list was Made of all possible sources of error. These made’ on the very steep part of the curve, the results 
included variations in the temperature and time of will be much more inconsistent than would otherwise 
along, \ ariations in humidity, electrode size and pres- be the ease. In our tests, it was necessary to discard 
sure, rate of voltage nse, value of protective resistance, at least 1000 readings after the electrodes were polished 
time which elapsed after polishing the electrodes, volt- The cause of this trouble is not known. Current at 
meter calibration and errors m temperature measure- breakdown was limited by the protective resistance to 
menu Nearly all of these factors were investigated such a low value that there was no pitting o the ^ 
range than W0Uld be Iikely t0 0CCUr trod& - there any apparent rough*lg o/te 
i,- ,, , surface. One possible explanation is that the puncture 

p is mg e e ectrodes was found to be produces an insulating coating on the electrode surfaces. 
RUN Examination of the electrodes shows that each puncture 

w .‘ 1! ~ ~ ~ | causes a small black mark on the electrodes. These 

mi .-..^ i M t 7 11 V' 1 I I H IT spots distribute themselves fairly evenly over the entire 

«eci... ! ; rr rrrn- I I ' T~r~ electrode surface. After a day’s use, the faces reach a 

f«o-:.-ALL i. 7). i j 1 skate ° f more °r less uniform blackening, which is not 

®m\ *.U-_ a]tered much hy subsequent runs. If each snot in- 

1 59 c i produces a high resistance in series with the paper below 

irmiM J r nr ^~l i~n^ Jt ’ P unctu rejvill tend to occur at places where there are 

Evo f IfifJ_____J | f f no spots. This will have^the effect of decreasing the 

I s® | . l^J XXXj^rrt-V r 6ffeC r e T face ’ and wiU Increase the puncture voltage 

Ss» jj .,-L-L. i I i " I l~f~ accordingly. ^After a large number of punctures, the 

«#-- .—L II fill 1 e f m ^ effect will reach a nearly constant value. 

. "r™, ^ ■ by lhe - of *- - “ 

• • CONCLUSIONS 

JSST the upward trend of TOlt ^ to seasoning of f cur ™■ of Puncture voltage against temperature was 

0 '°x 05 ' m ’ c °ndenser paper in the range 
very considerable, as will be shown later. Ton Wrf, if ~ 2 deg ’ to + 130 de S- cent. The puncture 

protective resistance was also found to have great effect 0 9 volt f0Und t0 decrease uniformly at about 

®ee it produced sluggish operation of Te reW ^ 1 ^ ^ rise ’ Comparison of thesedata 

Thfntlf 8 . taken t0 elim inate both of these enrols i‘ In e of S tbe0ries ° f breakdoff n indicates that 
The otha- factors were shown to have very little effect in Iff / + ? ? punctures occurred according to the 

sr theor,es ’ bnt were of the ££& 

variations of more than 1 or 2 volts ^his CMa ? d Tt was found that the puncture voltave m * 

^ that most of the variations due ITTaP 

Egm.t of Polishing Electrodes It h* n SUpport the weak-spot theorTdi 6 ^ appears to 

noted that the puncture voltage in Run been hard ly conclusive. 7 ’ th gh the evidence is 

low. This is also shown in JW uT f W *t Very The standard deviation of th* n- 

averages are plotted a°ain,t k.„ > ' 15 where hourly tobea constant of the t he readm 2 s was found 

after PO«sh4.i hTI J* 6 .*-!»*» ^„de area of the elec- 


° 20 « “ io ioo T2 o 1 ijo 1 l ioife- 1 

HOURS AFTER.UPPING ELECTRODES ' 

Flo. 15— Hourly Averages, Ru.vs 38-60 

awrected to 30 deg. cent. 

.p©liHH$ oanre indicates the uowarrf tmnr? 
tkm Heetndm d 0f voItage due to seasoning of 


obtained after ooli^hino* o 0W P unc ^ ure voltages 

sure that this Jt a fS 7^ To make will be of consideTable V" '•"“T' 1 that this Constant 

aTtu^h Prp o a f S-P-S PS “ iS a ~ oSPSS onZ 

Brass and copper electrode »» reading but alsn mi j i ® variations from reading to 

breakdown tests. It is probable thfSff ^ for to and from^^dav toff' 1time P ariation s from hour 

, p “omenou curacy of the daily averasePi T' ls reduces the ac- 

f Pr.Sb“S,±' e “• by A the thcory of ProbabiliS Talues predicted 

•V. a. fact tw hoar,, tious fPhZ to hov^Mf indie!ites the varia- 

due to variations in the papeHtseS < Antn i ^^Sdon 
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BUSH AND MOON: PRECISION MEASUREMENT OP PUNCTURE VOLTAGE. 


Authority 

J. E. Shrader 30 ... 
J. E. Shrader 30 
J. E. Shrader 30 ... 
H. H. Poole 29 .. 

H. H. Poole 29 

E. Miindel 17 . 

Landolt-Bornstein 6 
Landolt-B or nstein 3 
Landolt-Bornstein 5 


Material 

Untreated fish paper, vacuum dried 
Untreated fullerboard, vacuum dried 
Paraffined fish paper 
Mica 
Glass 
Glass 
Glass 

Hard rubber 
__Porcelain 


was made of the various possible sources of error a u 

and it appears that no one of them could have caused about n nv a P&P 7 has , a tem Perature coefficient of 
an error of more than one or two volts. The probable the nunctn" As ® Umm f | hls value for 7,. we find that 
error of the results is shown to be less than 1 per cent t&g6 at 100 deg * cent shouId be 

This precision is evidently considerably higher than f _r OT) - -°-f aoo) 

could have been obtained in the ordinary way without • t j , 587-5 € =18 volts 

a great expenditure oPtime and labor. instead of the 498 volts actually obtained*. 

Copper and brass electrodes are commonly used for ’ nstead a straight line, we use an exponential to 
puncture tests. Our experiments, however indicate PP * 0Ximate the data of Fig. 8, we find 

that with such electrodes there is a “seasoning" efrect. E = 587 - 5 

marked change in puncture voltage The value of 7 is thus 0.0032. That such a value is 
nr t Jj e eleci f odes are cleaned after each puncture y m-y improbable is shown by the following table- 

or are allowed to reach a steady state before readings SSSSSP -~---L 

are taken. Such a condition was obtained only after--- - MateriaI 

about 1000 readings. J- “• ■ ■ • Untreated fish paper, vacuum d 

A Untreated fullerboard, vacuum cj 

Appendix A JJ g Poole® " Paraffined fish paper 

Thermal Theory op the E - e Curve ? 5:iS * :::: S 

According to the thermal theories of breakdown, oS 

puncture occurs when ISfflS S 

E^ , ~ ' ~ ~ - 

~ = C > a constant* Appendix B 

where® = voltage gradient at breakdown, atSSTSu^ [“V 5 ' ‘ 

peratLofZelS'undto’S.T' 1681 “* tem ' U! » J the t«ts“ 

Physically, this means that for a condition of in- C ™’ A and B ’ 

stability to obtain, it is necessary that the rate of heat 500 l T ~] ~T - 

generation per unit volume (E\/p) shall reach a certain 

critical value (C). This value is a constant for a given 

matenal. It depends upon the thermal conduct^ '""fcfef 0 ’ 

the temperature coefficient, and also, in Rogowskks . 4 °T ^TOTrTr~ 

theory, upon the thickness. \ ^ 

f] Lt!? a f am f that * the resistivity is an exponential £ LrYfA\f~T t7-' 

function of the temperature s \VA y | * 

„ -ye • 2 300---\MA.\^ _.f°425A065e 

P = Po e w \T\\7 

then it is evident that I W'V 

E = VCjoe~^ 6 . . I _ 1 UVM 

Thus the y obtained from resistivity measurements ^ I 

temperatme* 116 ^ c ^ ange P unct ure voltage with , L . 

h^ n iZ tUmt f ly ’ n ? resistivity measurements have yet 100 _ ibvL 

been obtained on the paper used in these experiments • ' \ 

Accordi^to the work of J. E. Shrader, 1? however,' _LI 

*Aceordmg to Wagner, loe. oit., formula 2, 


Appendix B 

Some work of E. Miindel- has recently come to our 
ttention, and a set of his curves has been replotted in 
* lg * ;y: ^ he material used m the tests was glass 0.4 
mm. thick. 'Pwo curves, A and B, have been added to 


-0 0171 (& 50 ) 


— 


^ ~ thermal conductivity, 

t — temperature coefficient of resistivity, 

€ = 2.71828 ... 

" r “ di * 1 * 


ol th ‘ The omiy da ~ 


0 20 40 60 80 100 120 140 * 

DEGREES CENTIGRADE,TEMPERATURE (0) 

Fig. —16 Puncture op Glass 0.4 Millimeters in Thickness 
(From Mundel— Archiv. f. El. 15, 1925, p. 338) 

Miindel s results. Curve A is an exponential with 
• L ~ 0.0171). The straight line B falls 15 per cent 
with 100 deg. cent, increase in temperature just as in 
Fig. 8. 

These curves are a possible explanation of Mtindel’s 
results. The part of his curves from 50 deg. upward is 
evidently caused by thermal breakdowns, while the 
lower temperature punctures were probably disruptive 
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It will be noted that all the curves appear to approach* 
the slope of B as the temperature is descreased, while at 
the higher temperatures they approximate exponentials 
about as closely as the usual curves for resistivity do. 

The value (7 = ^0.034) from curve A seems to be a 
little low for glass; see table in Appendix A; but the 
discrepancy may be due to the fact that the resistivity 
of most insulating materials is a function of voltage 
as well as temperature, a fact which is neglected in the 
thermal theories. 

Miindel’s results, therefore, indicate the existence of 
both mechanisms of breakdown and show that the tran¬ 
sition point for this particular case is about 50 deg. cent. 

Thermal breakdowns are probably obtained in 
Miindel’s tests and not in ours because of the difference 
in thickness of the two materials,»his glass being about 
30 times the thickness of our paper. All of our tests 
are undoubtedly on the straight line far to the left of 
his curves. 

It is evident that for practical purposes, nothing 
could please the insulation expert more than to be sure 
that his insulation would operate on curve B rather 
than A, since its breakdown strength would then 
decrease so little with temperature. With a more 
thorough knowledge of insulation, the future engineer 
may be able to avoid thermal breakdowns altogether. 

Appendix C 

The following analysis was made: 

Total readings. Runs 39-59, inclusive, = 16,505 

Total hours.= 154 

Total days . = 49 

Av. hrs. per day = 8.11 
Av. rdgs. per day = 869 
Av. rdgs. per hr. = 107 

From individual readings: 

' c of one reading = 40 volts 

0 - of hourly aver. = = 3.86 volts 1 


<x of daily aver. = 


V 107 
40 


V 869 


a of total 


40 


V 16505 
From hourly averages : 

a of hourly aver. . . 

9.19 


cr of daily aver. 


V8.ll 


cr of total 


9.19 


V 154 
From daily averages: 

cr of daily aver. . 


= 1.35 volts 

= 0.31 volt 

= 9.19 volts 
= 3.22 volts 

= 0.74 volt 

= 5.30 volts 


cr of total = 


5.^0 

Vl9 


. = i .22 volts 


Probable error of daily aver. = 5.30 X 0.6745 = 3.6 volts 
Probable error of total = 1.22 x 0.6745 = 0.82. 
These results can be tabulated as follows: 

STANDARD DEVIATION 


• 

Individ. 

rdg. 

Hourly 

Daily 

Total 

Daily a 
a by Ind. 
rdgs. 

By indiv. rdgs.,... 

40* 

3.86 

1.35 

0.31 1 

1.0 

By hourly aver... 


9.19 

3.22 

0.74 

2.4 

By daily aver. 



5.30 

1.22 1 

1 3.9, 


AIR TRAVELERS CAN TELEPHONE HOME 

Passengers flying across the continent—or even 
around the world—in airplanes may very well call up 
their friends at home by the combined use of radio and 
telephone. This possibility was well demonstrated at 
the recent war show in Chicago where r&dio conversa¬ 
tions of various sorts were # maintained between several 
planes, land stations and the telephone system in 
Chicago. 

During the show, which took place in and over a 
stadium in Chicago, airplanes circling overhead exe¬ 
cuted commands given by an officer on the ground. 
His voice was heard by the audience throughout the 
stadium by a public address system of loud speakers 
and amplifiers as he gave directions by radio telephone 
to the fliers. The audience then could watch the air¬ 
men immediately do as the voice commanded. 

Preliminary to the show, an airman® flying from 
Rantoul, Ill., to Chicago, put in a telephone call for 
a friend in a Chicago hotel and conversed with him. 
Also two pjpmes flying in various parts of the middle 
West carried on radio conversations which were picked 
up and broadcast by one or two broadcasting stations 
so that thousands of people sat in their homes and heard 
the odd communication going on. 


A line of landing fields for aviators running 200 miles 
from Cheyenne, Wyo. to Pueblo, Col. is about to be 
built. These areas at 30-mile intervals will each be 
illuminated by 31 electric floodlights. Between them, 
marking the course, will be a line of electric search¬ 
lights 25 miles apart. Blinker lights along the way 
will be operated by sun dials going on and off with 
night and day. 


Railway cars that run under their own electric power 
generated on board by oil engines are appearing on 
many American Railways for branch line and local 
passenger service. Seven railroad companies including 
the Alaskan Government Railway have ordered cars 
built. In Alaska one of them will operate from Seward 
through Anchorage to Fairbanks, 945 miles of rough 
travel, making a round trip in four days. 
















A Carrier-Currei;t Pilot System 

of Transmission Line Protection 

A. S. FITZGERALD" 


Introduction 

HE increasing complexity of modern tr ansmissi on 
networks presents many difficult problems in 
connection with the design and application of 
protective relays. * 

On the larger systems, the use of increased time delay 
may be inadmissible on account of the difficulties met 
with in maintaining stable operation. Rather, there is 
a tendency in the direction of reduction in the time of 
operation of relays. 

Thus, there is a growing interest in differential 
methods of protection; that is, in systems in which com¬ 
parison is made between currents which under normal 
conditions are necessarily equivalent. These have the 
advantage of not being dependent upon the performance 
of relays in other circuits for their selective action. 

The simplest form of differential protective arrange¬ 
ment consists of a circuit embracing a portion of a power 
system, (such as a generator winding or tr ansmi ssion 
line), and registering any difference which may occur 
between the current entering or leaving the section 
protected. 

Such arrangements offer very definite advantages over 
all other selective relay schemes, in that each section of 
the network so protected is a unit in itself and it is not 
affected by any other protective measure, nor by any 
alterations in the network arrangement. Thus no 
changes in the*relay setting are necessary nor are these, 
in general, influenced by the direction of flow of power 
or fault current, nor by the settings of relays on con¬ 
necting lines; as is the case with time delay overload 
protection. Moreover, in differential systems, faults 
may be cleared with a minimum loss of time. 

These advantages are so marked that the differential 
system of protection is employed almost universally 
for the protection of generator windings, and similar 
applications where the extent of the circuit protected 
is a matter of yards rather than miles. For the pro¬ 
tection of lines, however, the cost of the special pilot 
conductors has ■ greatly restricted the application of 
this type of-relay system, and it is not in general use 
in this country except for short distances or where there 
are so many sections in series that time delay methods 
are not desirable. 

_ success that has attended the use of differential 
pilot wire schemes in other countries, where the length • 
of lines is less, indicates the desirability of a means of 
furnishing a similar service without the necessity of 
special conductors. 

1. Radio Engineering Dept., General Electric Co. 

Presented at the Pacific Coast Convention of the A. I. E. E. t 
Del Monte, Calif., September 18-16,1927, 


Carrier Currents 

The term carrier current is employed as descriptive 
of a-c. energy generated at frequencies which lie, 
roughly, between 10 and 200 kilocycles. At these 
frequencies, the transmission of electrical energy ex¬ 
hibits special characteristics due to which it is possible 
to superpose carrier-current-control circuits on trans¬ 
mission lines or cables. 

Carrier current is conducted more or less freely by 
straight conductors, and is restricted thereto by breaks 
or open circuits, except in so far as capacity paths are 
provided by parallel lines situated in close proximity. 
Carrier current may be employed for control systems 
because circuits may be provided which will conduct 
the carrier current but which will not effectively pass 
60-cycle power current, and by means of which the 
carrier current may be introduced into, or taken out of, 
a power system. 

Conversely, the flow of carrier current can be re¬ 
stricted within certain specified limits by circuits which 
provide a high i?npedance to carrier current but do not 
affect power currents. 

Carrier current energy is commonly generated by 
means of three-electrode tube oscillators. 

Requirements of a Protective Syst em 

A protective scheme suitable for association with 
carrier current operation and desirable from commercial 
and operating aspects, will preferably include the 
following features : 

1. The employment of potential transformers will 

be avoided. # 

2. The scheme should not require any definitely 
quantitative function on the part of the carrier appara¬ 
tus since there may be variations in attenuation. 

3. There should be no apparatus installed as part 

of the protective system which in itself represents an 
extension of the liability to trouble of the circuit pro¬ 
tected. Current transformers of high safety factor, 
preferably of the bushing type, should be used. The 
carrier-current coupling equipment should be of the 
most reliable form available. „ 

4. The equipment so far as possible, should be 
entirely current operated; that is, its operating power 
should be derived directly from the fault current. 

5. Failure of the carrier-current apparatus should not 
render it possible for a fault to remain on the line thus 
disturbing the whole power system. Rather such a 
defect should advertise its presence by causing only the 
individual line to trip unnecessarily if overloaded. 

6. The system should be suitable without modifica- 
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tion for installation at any point in a network irrespec¬ 
tive of possible direction of flow of fault current, etc. 

7. It should be possible to check the carrier-current 
equipment at any time without interfering with service. 

8. In view of the fact that a restricted range of fre¬ 
quency is assigned to control systems, only one fre¬ 
quency per line protected should be used. 

General Principles , • 

In its simplest form, differential protection consists 
of the installation of two current transformers at each 
extremity of the circuit embraced, one to receive the 
current entering the section, and the. other, that leaving 
it. The secondaries are either connected in opposition 
and in series with one or more relays; or more usually 
connection is made so that the"currents normally cir¬ 
culate, in which case the relays are connected across 
equipotential points. In either arrangement, the re¬ 
lays, normally, should receive no current, but on the oc¬ 
currence of a fault, which will be a difference between 
the entering and leaving currents, a corresponding 
difference will appear in the relays. Numerous re¬ 
finements and variations of this principle have been 
evolved in order to overcome difficulties in balancing 
and to render the apparatus immune fron^ tripping on 
heavy “through” currents. f, 

It will be perceived that the function of the pilot 
conductors is to furnish one end of the line with a sample 
of the current at the other end, in order to provide the 
relays with means of discriminating between sound and 
faulty conditions. 

It is not, however, desirable to employ exactly similar 
principles when carrier current is to be used in place of 
a pilot line. • This is due to the fact that carrier current 
is usually transmitted by mearis of resonant circuits. 
Because of this, and other causes, it is not always 
. possible to achieve exact numerical ratio between the 
carrier current transmitted from one point and that 
received at another. Thus, it is preferable to avoir] an 
arrangement in which fault conditions are indicated by 
a difference between the magnitude of the currents 
concerned. 

A transmission line will be equipped with a circuit 
breaker at each end and with relays designed to trip the 
breakers automatically in the event of abnormal 
currents being carried by the line. The relays may 
operate on overcurrent, ground current, or may be 
power-directional. Such relays will correctly indicate 
abnormal conditions, but, in the general case, do not, 
by themselves, distinguish between a fault on the line—^ 
when we want both switches to trip—and a fault else- * 
where, when we wish to avoid interrupting the line. 

In order to accomplish this, we must know at each 
end of the line what is happening at the other end, and 
it is for this purpose that we employ the carrier-current 
system. 

In ring systems, or networks, a fault generally not 
only causes a difference in the magnitude of currents 
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entering and leaving th£ faulty line, but also sets up a 
difference in direction. 

One method of carrier-current protection would be to 
employ power directional relays at each end and to use 
the carrier to furnish at one end an indication of the 
position of the relay contact at the other. Such an 
arrangement would be quite practical, but a system 
independent of line potential is to be preferred. 

Principle of Operation 

• 

The effect of a fault on the .normal direction is the 
feature employed to discriminate. In order, however, 
to avoid potential excitation, the direction of power is 
not used, but instead, the instantaneous direction of 
current. This is done in the following way: 

The carrier is not used to trip the circuit breakers 
when the line itself suffers a fault. If this were done, 
we could not be sure of proper operation if the line 
should be connected to a source at one end only; or 
if the line should break in such a way as to bring about 



THROUSH CURRENT FAULT 
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~ A- A - A ,, a — Receiver Plate Current at 2 —_ 

Fig. 1—Principle op Operation 

this condition. Moreover, the carrier channel may be 
interrupted by the fault. 

Thus, at each end, overcurrent relays are installed 
and connected to the oil-switch trip circuit. If the 
instantaneous currents at each end of the line have the 
same direction, indicating that the line itself is sound, a 
carrier signal is received preventing the overcurrent 
relays from tripping the circuit breakers. This looks 
after the stub feed, or broken line condition. 

If a three-electrode tube oscillator be operated from 
an a-c. plate voltage, it will oscillate intermittently 
during those half cycles only when the plate is positive. 

In a similar way a bias detector may be supplied with 
an a-c. plate voltage. It will be inoperative during the 
half cycles when the plate is negative, but during the 
positive half cycles, if the grid potential permits, 
plate current may flow. The grid will be excited 
from a source of 180 deg. out of phase with the plate 
voltage so that normally there will be no plate current, 
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the grid being negative when the plate, is positive. 
If there he impressed on the grid, an additional voltage 
of carrier frequency, a rectified current may be caused 
to flow in the plate circuit; but this can occur only 
during a positive half cycle. Thus, we may have a 
transmitter sending during alternate half cycles and a 
receiver capable of. receiving only during the inter¬ 
vening half cycles. A relay may be placed in the plate 
circuit of the receiver tube; this will operate when carrier 
is received. 

Fig. 1 shows, in ah elementary manner, how these 
features may be arranged to furnish the desired result. 
The diagram represents a transmission line having 
a circuit breaker and over-current relay at each end. 
The two ends of the line are designated as “1” and “2” 
respectively. Carrier-current transmitters T i and 
Ti, at each end, together with receivers R x and 
Ri, are excited from current .transformer secondaries. 
When carrier is received, the receiver relays open the 
trip circuits and prevent the opening of breakers. The 
equipment at each end is the same except that, as 
shown, one of the current* transformer secondaries is 
reversed. 

The left hand series of diagrams refers to the case of 
a sound line which may be supposed to be carrying 
excess current to a point beyond the bus. It will be 
seen from the diagram that the primary currents are 
identical, whereas the plate voltages of the trans¬ 
mitters, which are derived from the current transformer 
secondaries, are of opposite polarity. The receiver- 
plate voltages at each end are reversed in respect of the 
adjacent transmitters. Thus the receiver voltages are 
also 180 deg. displaced from each other. Each receiver, 
therefore, is inoperative during the half cycle occupied 
by the transmission from the transmitter at the same 
end, and cannot receive from the latter. * 

Referring now to the transmitter-plate voltages at 
opposite ends, as shown in the left hand diagram, it 
can be seen that the positive half cycles occur alter¬ 
nately. Thus the two transmitters, oscillating inter¬ 
mittently, send out pulses of carrier in alternate 
sequence. The positive half cycles of the receiver-plate 
voltage are shown in full lines and the negative half 
cycles, when the receivers are inoperative, are shown in 
broken lines. 

Therefore R x is inoperative while T x is sending, 
but can receive from T-,. Likewise J? 2 can receive 
from T\ but not from T,. In the case illustrated 
by the left hand series of diagrams, both receivers are 
operated and the receiver relays open the trip circuit 
and thus prevent the over-current relays from tripping 
the circuit breakers. 

The right hand series of curves shows the conditions 
when there is a short circuit on the line. In this case 
both the transmitters are sending simultaneously during 
which period neither of the receivers are able to receive. 
When both the receivers are operative neither of the 
transmitters are sending. Thus the receiver relays are 
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not opened and the line is tripped by the over-current 
relays at each end. The operation of the system, there- * 
fore, is such that if a current enters at‘one end, that 
end will be opened automatically unless the current is 
“registered out” at the other end, which is an indication 
that the line is sound. If a fault be fed from one end 
only, the transmitter at the other end will not be ex¬ 
cited by the current transformer and will not transmit. 
The fault will therefore he cleared, at the end from 
which it is supplied, by the over-current relay. 

A unique feature of this arrangement is the fact that 
it is possible to send and receive in both directions at the . 
same time and at the same carrier current frequency. 
Thus, only a single frequency is required instead of two. 
This is a distinct advantage if a number of lines is to . 
be protected by this method, and one which will become 
more evident as the use of carrier current for purposes of 
communication and control becomes more prevalent. 

Single-Phase Circuit 

The actual arrangements employed will now be more 
readily understood. Fig. 2 shows a complete diagram 
of the system. With a view to simplicity, only a 
single-phase line is given in the first instance, and the 



Fig. 2—Diagram op Connections—Single Phase 


carrier current apparatus is not shown in detail. It 
will be seen that the current transformer is connected 
in series with the primary winding of the plate trans¬ 
former and two over-current relays, one of which com¬ 
petes the trip circuit and the other energizes the tube 
filaments. The former is furnished with a slight, 
definite, time delay; the latter is instantaneous. A 
preheating resistance may be connected across the 
contacts of the filament relay if desired. If the fila¬ 
ment be run continuously at reduced voltage, it will 
have little effect on the life of the tube, but the time 
taken to raise the filament to full operating temperature 
will be substantially reduced. If this be done, the time 
delay of the trip relay need not exceed one-half second. 
Without preheat, a full second might be necessary. 

The trip relay will be set to pick up at a current 
slightly higher than the filament relay, in order to insure 
both filament relays closing before either trip relay* 
picks up. The filament relays will be set to operate at 
a current somewhat exceeding the normal load on the 
line and not less than that at which the current trans¬ 
formers furnish sufficient plate voltage to operate the 
transmitting and receiving tubes. 


9 
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„ Thus, when an overload occurs on the transmission 
line, the filament relay first picks up, closing its contacts 
which connect the filament supply to the vacuum tubes. 
Within the brief period, necessary for the filaments to 
reach operating temperature, the carrier-current equip¬ 
ment is fully in operation. 

The receiving tube controls a polarized relay, the 
contacts of which are normally closed. When the 
carrier wave is transmitted during those half cycles 
which indicate that the over-current is not due to a 
fault on the line protected, the receiver tube energizes 

- this relay. Thus, at both ends of the line, the trip 
circuit is opened and the subsequent closing of the 
contacts of the trip relays immediately afterwards does 
not open the circuit breakers. T 

If, on the other hand the fault should be on the line 
itself, either the carrier does not reach the receiver, or if 
it is received, does not affect the receiver because it is 
transmitted, during the half cycles when the receiver is 
inoperative. The result is the same in either case; 
the receiver relay remains closed and when the trip 
relays close their contacts, the trip circuit is completed 
and the line disconnected. 

It will be noted that the line has positive over-current 
protection under all conditions except wlaen "there is a 
definite indication that it is sound. 

Carrier-Current Trap 

An important point in the operation of this system 
is the affect on the channel of reference of faults. While 
the principle adopted has followed closely that of wired 
differential schemes, and the general effect of faults will 
be viewed from similar aspects, certain differences, due 
to the use of carrier, are of interest. 

_ The occurrence of a fault may or’may not lead to the 
interruption of the channel of reference; that is, the 
effective transmission and reception of the carrier wave. 
Assuming a simple coupling, the carrier will be stopped 
by a broken line, or a short circuit between the phases 
to which the carrier is coupled, on the section protected. 
A similar short circuit outside the protected zone may 
also have the same effect. Thus, it is necessary to 
provide between the point of coupling and the bus, a 
trap circuit for carrier. This prevents short circuits, 
anywhere but on the section protected, from interrupt¬ 
ing the carrier. This trap circuit takes the form of a 
lightning arrester coil tuned, by means of a condenser, 
to the frequency of the carrier circuit. The condenser 
is mounted directly on the choke coil. It is made in the 
form of an assembly of several dissimilar capacities 
brought out to terminals in such a way that a large 

- number of combinations may be obtained. In this way, 
the trap may be tuned to any one of a number of avail¬ 
able frequencies. The condenser is arranged to be 
readily removed from the coil for this purpose. 

The complete trap with the condenser in position is 
shown in Fig. 3. Fig. 4 shows the condenser dismantled 
for setting to the desired frequency. The condenser 


shown has three sections and can be set for 17 frequen¬ 
cies ranging from 40 to 120 kilocycles. 

The complete connections for both the relay and 
carrier current circuits, at one end only, are shown in 
Fig. 5. Two secondary windings on the plate trans¬ 
former are required to operate the carrier transmitter 
and receiver. The transmitter is of conventional form, 
having one master oscillator tube and one power 
amplifier, a suitable tap *being furnished for the lower 
voltage required by the oscillator. The receiver is an 
ordinary bias detector, the negative voltage applied 



Fig. 3—Carrief^Current Trap 



Fig. 4—Carrier-Current Trap Condenser 
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Fig. 5 Carrier-Current Transmitter and Receiver 

to the grid being derived from a tap to the transmitter 
winding, since this is of opposite polarity, at an instant, 
from that of the receiver plate winding. 

Plate Voltage Regulation 
One of the principal features of any protective relay 
system is the extreme range of current value over which 
it must operate. The apparatus should preferably be 
capable of functioning with currents not greatly ex¬ 
ceeding normal load; yet it must sustain without 
damage, and work properly at the heaviest short-circuit 
current which the power system can furnish. . 
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extreme cases, twenty times normal load may be met 
with. 

Since the transmitter and receiver plate supplies are 
hirnished by the current transformer, it is evident that 
l means must be found for providing a more or less 
constant voltage ove^this range of excitation. Vacuum 
;ubes of the type used* in carrier-current circuits cannot 
>perate satisfactorily over a voltage range of more than 
hree to one. The problem of Extending this range to 



Fig. 6—Regulating Glow Tube Characteristic 

hat required for a protectee system entails special 
reatment. In view of the fact that we must limit the 
laximum, rather than the effective plate voltage, in 
rder that the tubes may not be damaged during short 
Lrcuits on the power system, saturated core principles 
re of no assistance. 

This difficulty has been successfully overcome by the 
se of a special type of regulating glow tube, developed 
y the company's research laboratory. The character- 



Fig. 7—Plate Voltage Regulating Glow Tube 

tics of this tube are shown in Fig. 6. The tube passes 
3 current until the voltage reaches 60 volts, when a 
.sible glow appears. For any value of current up 
> 30 amperes, the voltage drop across the tube will 
3t exceed about 80 volts. The appearance of this 
ibe may be seen in Fig. 7. 

The glow tube is connected to a special secondary 
inding on the plate transformer, the action of the tube 
nng illustrated in Fig. 8. As the primary current is 
dsed, the voltage across the glow tube winding, and 
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across all other windings on the transformer, will 
increase up to the point at which the tube commences 
to discharge. The values of the various plate voltages 
at this point and at higher values of excitation will be 
the glow tube voltage multiplied by the respective 
turn ratios. It will be noted that the tube controls the 



Fig. 8—Action of Glow Tube 


maximum voltage only and does not come into action 
until the instantaneous value reaches the glow voltage 
of the tube. The effect, therefore, on the wave form is to 
furnish a wave which is sinusoidal up to the point 
where the pealcVoltage is equal to the glow point of the 
tube. With higher values of excitation, there is no 
substantial increase in the maximum value of any of the 
secondary voltages, but the wave form becomes more 
and more rectangular. This characteristic is peculiarly 
favorable to this system of carrier current control in 
which the operation is independent of the wave form 
and of the amplitude, being solely determined by 
whether the wave is positive or negative. • 

Fig. 9 is an oscillograph record which shows the action 
of the glow tube. The primary current is varied over a 
wide range and the resulting effect on the plate voltage* 
which would be proportional to the current if no glow 

tube were present, can be seen very clearly. 

* 



Fig. 9—Primary Current and Plate Voltage 


Phase Relations 

In the explanation of the operating principles of this 
system, it was assumed that when the line is sound, the 
two currents will be in phase and that when the line 
suffers a fault, the instantaneous currents will be of 
opposite polarity. In the development of this system, it 
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has been necessary to consider to what extent this is 
actually correct under service conditions. 

In the case of a “through” short-circuit current, the 
currents at each end of the line are in actual fact identi¬ 
cal, on lines of present length, except for the charging 
current of the line, which in most cases is small in 
comparison with the current at which the over-current 
relays would be expected to operate. , 

When the line itself suffers a fault, the two currents 
are not identical. They will usually be of different 
magnitude but will in general be very nearly 180 deg. 
apart in phase relations. There may be special cases, 
however, where the fault is fed from each end through 
circuits having different impedance power factors which 
may result in some slight departure from this phase 
relation, and this possibility has been studied. Fig. 10 
is a polar curve which shows the affect on the current 

Through Current 



Pig.' 10—Effect of Phase Relation Between Receives 
a "and Transmitter 

in the receiver relay of variation in the phase relation 
between the primary currents exciting the transmitter 
and receiver. It is evident that in the case of a 
‘through” short-circuit current, there is no risk of 
the receiver relay failing to pick up as the currents are 
identical. In the case of a short-circuit on the line, 
the relay should not pick up. It can be seen that there 
must be a difference of at least 45 deg. between the two 
currents before this can occur. 

Three-Phase Circuit 

In order to apply this arrangement to the protection 
of a three-phase line, it is not necessary to use three 
earner current equipments. All that is required is to 
furnish an arrangement of primary windings such that 
any possible fault condition will energize the plate 
transformer. 

It will be necessary to bring the carrier apparatus into 
action on the occurrence of the following currents. We 
may refer to the three phase as A, B and C. 


. Three-phase fault on A B C 
Fault between lines A B 
Fault between lines B C 
Fault between lines A C 
Ground fault A 

Ground fault • B 
Ground fault • C 

The minimum number of exciting windings which 
will enable each of theSe conditions to furnish energy 
is three. By providing, therefore, three windings, of 
dissimilar numbers of turns, each of the above cases 
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Fig. 11 Three-Phase Diagram of Connections 

will set up a resultant excitation of the transformer. 
The magnitude of this resultant will necessarily vary 
according to which of the above conditions holds. 
Since, due to the glow tube, the carrier-current system 
operates over an exceptional current range, this varia¬ 
tion will be of no moment, provided that the minimum 
excitation, that is, when the least effective combination 
of turns results,—is sufficient. . 
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Fig. 12—Carrier-Current Transmitter and Receiver- 
Three Phase Diagram 

• 

It is very often an advantage to be able to furnish 
more sensitive operation in tlie case of ground faults 
than where the trouble arises from a short between 
lines. Moreover, a ground fault, limited in magnitude, 
perhaps, by an earthing resistance or maybe by the high 
reactance or resistance of the abnormal return path, 
may not cause complete reversal of the current if an 
appreciable load is present. 
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Thus, it may be desirable to so arrange* the m eans 
whereby the flow of current controls the carrier apparatus 
that a ground fault has a preponderating infl uence 
We may do this by furnishing two windings of equal 
turns connected directly in the current transformer 
secondary circuit and one of an increased number of 
turns connected in the neutral circuit of the three- 
current transformers. 



Fig. 13 —Carrier-Current and Relay Panel 

* 

m 

Three tripping relays and three filament relays are 
employed. In each case, one may conveniently be a 
ground relay which may be set to operate at a lower 
value of overload than the others. The general ar¬ 
rangement is shown in Fig. 11. 

The complete connections for one end only are given 
in Fig. 12. It should be noted that the glow tube is 
energized by all kinds of faults. Therefore, while the 
primary current at which the glow tube comes into 
operation will vary according to the nature of the fault, 
the glow tube will always regulate all the plate and other 
voltages at the appropriate values corresponding to the 
turns on the several windings. 

Conclusion 

This system will furnish protection substantially 
equivalent to that which may be obtained with a pilot 
wire system, provided that the lowest phase-fault 
current at which it is desired to operate, is not less than 
the normal rated current of the line. In the case of 
ground faults, it is possible to obtain operation at lower 
values than full-load current. 

In cases where it is required to take care of phase- 
fault, short-circuit currents, which are less than full 


load, it is desirable to install additional filament relays 
to avoid continuous operation of the tubas during nor¬ 
mal load conditions. 

The apparatus may be operated from bushing trans¬ 
formers as well as from standard types of current 
transformers. 

JTests have been made on a 66-kv. line about 30 
mi. *in length. The apparatus was excited from 
standard bushing transformers. Actual short circuits, 
both^ between phases and to ground, were applied to 
the line itself or at neighboring locations. The system 
performed satisfactorily with fault currents which 
ranged from 200 to 1700 amperes. 

Fig. 13 shows a front view of the equipment which 
was employed for these tests. The upper section of 
the panel carries all the carrier-current transmitter and 
receiver apparatus and instruments indicating the 
filament voltage of the tubes, the transmitter output 
current and the receiver relay current. The tuning 
adjustments can be seen in the photograph. 

On the middle section are the filament relays, trip 
relays and filament rheostats. >d 



Fig. 14— Carrier-Current and Relay Panel, Rear View 
with Coyer Removed 

• 

The receiver relay is mounted on the lower section 
which also carries the filament and test switches. 

The carrier apparatus may be seen more clearly in 
the rear view Fig. 14. This section is normally pro¬ 
tected by a cover. Back of the center section are 
mounted the plate transformer and the plate voltage 
regulating glow tubes of which two are shown in the 
illustration. 
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Reporjt of Committee on Production and Application of Light* 


To the Board of Directors: 

In accordance with requirements of the by-laws, there 
is submitted herewith a review of the development 
during the past year of the art of lighting with elec¬ 
tricity. This review constitutes the annual report-of 
your Committee on Production and Application of 
Light. It has been prepared through the cooperation 
of members of the Committee. 

The personnel of this Committee has been chosen with 
a view to insuring comprehensive consideration of the 
subjects lying within the purview of the Committee. 
Its members concur in the view expressed by the Com¬ 
mittee to Review Technical Activities in a report dated 
June 26th, 1924, to the effect that this Committee 
should function in an "initiatory and determinative” 
capacity in matters pertaining to the production of 
light and in a “joint or reportorial” capacity in matters 
pertaining to the application of light. Accordingly, 
the Committee endeavors to maintain close touch with 
developments in the production of light by electricity 
and looks to organizations more specifically concerned 
in the application of light for information as - to develop¬ 
ments therein. 

Production of Light 

No developments in the production of light from 
electricity which are new in principle or which constitute 
a radical improvement in the art have come to the 
Committee’s attention during the past year. Progress 
in the development of illuminants described in earlier 
reports is reviewed briefly in the following paragraphs. 

Incandescent Filament Lamps. In the following 
paragraphs there is presented a brief review of signifi¬ 
cant changes in manufacture and utilization of incan¬ 
descent electric lamps. 

The past year has witnessed the general introduction 
of incandescent lamps with bulbs frosted on the irwier 
surface, announced in the report of this Co mmi ttee 
last year. Eighty per cent of the demand for re¬ 
placeable types is now being supplied by lamps of the 
new type. 

Among tungsten filament incandescent lamps the 

_/-Ml _ 1 • • i i 


minimum size for which its use is justifiable in the 
present state of the art. 

Limited ability to withstand rough usage and vibra¬ 
tion has always been a handicap of the tungsten 
filament lamp. Despite notable improvements by 
American lamp manufacturers, which have increased 
greatly the sturdiness of the filament, it remains true 
that after some hours of burning, the filament crystal¬ 
lizes and becomes less sturdy than the filament of a new 
lamp, and too fragile for some forms of service. 

In an effort to meet requirements for rough service 
(for example, in garages, where lamps are used on 
portable cords), manufacturers have recently developed 
a “rough service” lamp. This lamp is available in 
the 50-watt, 115-volt range. It is of the vacuum type 
and has a bulb of the same size as the usual 25-watt 
lamp. 

Where continuous, high-frequency vibration is en¬ 
countered (as that due to high-speed machinery), 
the lamp manufacturers recommend, if s mal l lamps 
must be used, the 50-watt coil filament vacuum lamp 
in the P-19 bulb. It is preferable, however, to use 
larger, more sturdy lamps, and if necessary, to employ 
vibration reducing devices. 

Two lamps for decorative service have been made 
available during the year, in new forms of flame-shaped 
bulbs. One is of 15 watts with a candelabra screw 
base. A similar lamp had previously been supplied 
in a bulb having spiral fluting. The other is a 25- 
watt lamp with a medium screw base. These lamps are 
regularly supplied with a flame, tint coating to add to 
the effect suggested by their flame shape: 

According to a recent report issued by the Lamp 
Committee of the National Electric Light Association, 
carbon lamps are being used to a surprisingly large 
extent in ordinary lighting service. Because of their 
relatively low efficiency, the cost of producing light 
with these lamps usually is greatly in excess of that 
applying in the case of tungsten filament lamps. 

The trend of operating practise appears to favor 
115 and 120 volts. The demand for 110-volt lamps is 
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gas-filled principle has been extended to lower wattages steadily decreasing and is now only 12 per cent of the 
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than heretofore employed in this type for general lights 
mg purposes in this country, though not to such small 
wattages as those in which it has been sometimes 
employed in Europe. In the 50-watt 115-volt size the 
principle h as been applied to what appears to be the 
‘Committee on Production and Application of Light? 
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total in the 100-130-volt range; 115 volts accounts for 
48 per cent and 120 volts for 35 per cent, leaving only 
5 per cent for all other voltages in this range. The 
total number of lamps supplied from 200 to 260 volts is 
mow but 3 per cent of the number supplied in the 115- 
volt range and this percentage is gradually diminishing. 
The concentration of lamp demand upon the fewest 
practicable number of voltages is desirable as a means 
of eliminating needless and expensive complications in 
manufacture and distribution. 

The 23- and 36-watt lamps for street railway head¬ 
light service are now made in the “A” shape bulb 
of clear glass. The change from the round bulb 
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(G-18J4) in which they were formerly supplied, enables 
one standard light center length of 2 3/16 inches to 
replace 2 1/16 inches, 2 3/16 inches and 2M 'inches 
light center lengths in the old bulbs. This can be done 
because the shape of the A bulb permits a wider range 
of, adjustment of hynp position in the headlight. 

_ A- special lamp has been developed for use in traffic 
signals. It is a 60-watt gas-filled tungsten filament 
lamp in a clear bulb of the shape and size used for the 
regular 40-watt lamp in the inside-frosted line.* The 
filament is semi-concentrated to permit of more accurate 
light control by the signal lenses. The lamp has a light 
center length of 2 7/16 inches. It is designed for burn¬ 
ing in either a horizontal or base down position. 

To premote simplification in the line of lamps for 
series burning, it has been recommended that street 
lighting circuits now operating at 4 , 5.5 and 7.5 amperes 
be changed over to 6.6 amperes, for which there is by 
far the greatest demand. The progress of standardiza¬ 
tion in this respect is slow. 

.There is still a demand jfor series burning lamps of 
600 and 800 lumens (approximately 43 and 55 watts 
respectively) which, it is generally believed, could be 
replaced advantageously with lamps of at least 1000 
lumens (approximately 65 watts). 

Series Lamps Unsatisfactory on Multiple Circuits. 
Some use has been made of series lamps operated with 
auto transformers from multiple circuits. Investiga¬ 
tion of this form of operation has shown that multiple 
lamps operated on multiple circuits are more economical 
and give more satisfactory performance than any of the 
series lamp «uto transformer combinations. The series 
lamp is designed to burn at a constant current which 
means that the filaipent cross sectional area is very 
accurately determined while variations in manufacture 
are noted by changes in filament length . % This manu¬ 
facturing variation is particularly noticeable when a 
series lamp is burned on a constant voltage circuit. 
Furthermore, in the larger size series lamps, a large 
amount of filament material during the normal life 
of the lamp is evaporated and deposited on the bulb. 
This blackening causes a decrease in lamp candle power. 
When the series lamp is operated on a constant current 
circuit the decrease in filament area results in an increase 
of brightness which partially offsets^ the blackening of 
the bulb. A lamp burned at constant voltage however, 
suffers because of diminution of current as the lamp 
ages due to increased filament resistance. It is seen, 
therefore, that all the factors present in both multiple 
and series lamps which make for decrease in lamp 
output are combined when a series lamp is operated on : 
a constant voltage circuit. 

The lamp manufacturers recommend that multiple - 
lamps be burned on multiple circuits and that series i 
lamps be burned only on series circuits. \ 

Luminous Arc Lamps. It is understood that there i 
have been no material changes in the design of construc¬ 
tion of the luminous arc lamp during the past year, i 


5 The modern lamp, with its shorter casings and larger 
) globes, as constructed for service in Washington and* 
3 elsewhere, represents the latest development in this 
type of lamp which, as shown elsewhere, is employed 
: rather extensively in street lighting service. 

Ultra-Violet Radiation. Efficient production of ultra- 
violet radiation is accomplished by electric discharge 
thrcmgh vapors, usually of a metallic nature. The 
conditions of use impose the further limitation that the 
source, particularly one of the arc type, be completely 
enclosed to prevent the egress of undesirable vapors 
m therapeutic work, or the ingress of inflammable* 
vapors in chemical work. The mercury arc in quartz, 
emg inherently an enclosed arc, is uniquely adapted 
f Ifr? aS ! S0UrCQ> of ultra-violet radiation. Units 
ooa f nc 900 watts ca P aci ty for operation on 110 and 
220 volts respectively have met with increasing use dur¬ 
ing the past five years. The former are used largely 
in therapeutic work for the direct irradiation of patients 
in the treatment of rickets, bone tuberculosis, s k in 
diseases, superficial infections, etc., while the latter 
are used for water sterilization, the testing of materials, 
irradiation of foodstuffs to produce antirachitic proper¬ 
ties, the treating of leather, varnishes, etc. 

The use of ^are gases as an aid in the starting of dis¬ 
charge has recently permitted the design of a practical 
induction lamp having unique properties when made of 
quartz.. It permits greater control of the relative 
ultra-violet energy distribution than before was possible 
and it is especially well adapted to the solution of many 
of the mechanical problems limiting the usefulness 
in photochemical processes of the older mercury arcs. 

It is said to be possible to duplicate economically 
by means of these artificial ultra-violet sources practi¬ 
cally any photochemical effects now secured through 
exposures to direct sunlight. This is important for 
sunlight, though inexpensive, is offset by the fact that 
it is of value only during the middle five hours of the 
(fey, if available at all. 

As an example of a highly developed ultra-violet 
application, mention may be made of a recently 
designed apparatus in which, by means of a quartz 
mercury arc and filters, tests may be made of the light 
fastness of dyed textiles, inked papers or painted woods 
in a.much shorter time than ever has been possible by 
sunlight and with a quality of fading action directly 
comparable with that of sunlight. 

Application of Light 

In contrast with the relatively meager developments 
in the production of light, the past year witnessed a 
wealth of development in the application of light. . 
Artificial light is now available at such a low cost that * 
improvement in its utilization can be undertaken with 
greater freedom. In consequence the lighting art is 
advancing rapidly. 

Residence Lighting Equipment. The past year has 
seen an expanding interest on the part of central station 
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companies have conducS^rifataring^cam^S ,5 ull,lg the ?» in vehicular traffic, 

with marked success and many are planning sS, 


i i ^-ixALuimg campaigns 

with marked success and many are planning such 
activities for the current year. 

. Interest in this project is evidenced by the prepara- 
tion beginning' in the autumn of 1925, of tentative 
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cities, and some already in use, have been designed to 
deliver 50,000 to 150,000 lumens (2- to 6-kw. demand) 
per standard instead of 10,000 to 15,000 lumens 
(0.5- to 0.75-kw. demand) which was considered 
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specifications for residence ,uminairi, prepared tmder "d^e ™ 

made in the man^actme o t 

Illuminating Engineering Society has cooperated nXoScTtowideT^ 6 T*" existing c, ™ercial 

These specifications promote consideration of a lumi- to supply the SLrw^ ^ ^ actuating bitches 
name from three principal standpoints: <&T *J * §htS fr0m existmg distribution 
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name from three principal standpoints: 

1. Illuminating qualities 

2. Mechanical and electrical construction 

3. Aesthetic values 
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systems. Several new remote control switches, both 
solenoid and motor operated, have been developed to be 
controlled from a pilot wire. 

These new equipments are suitable to supplv the 

Dnwpr fTvr _u- i j hue 


The application of these specifications results in » rJlTf equipments are suitable to supply the 

al figure of percentage which represents the over-all selectively ZmSuZS ““‘'‘f 1 * ‘“‘I* *nd *f be 
.aUty rating for each luminaire considered. Part of the lateto^il'A“i mate , units *** 


quality rating for each lum nake coSied Zto the late h ^fl* 0 d .T >Imeet a,tOTlate units during 

the determination of necessity must be artved af by v * e , m » ht wh<!1 > «>« » Bttle traffic 

= al judgment and partly 
ments. Very consistent results have been obtained 
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attention with the trend toward increased load dendty 
by using averages ofthe"personal o~i ^ T-^ ^ 

competent persons. An inteJingbyT^Sl ? laSSWare for s *eet lamps, 

this activity is the production of a practicable glare nromisp h ^ S6e ^ S t ?- be m the dlrection of a corn- 
gaging device, in the form used in the measurement of 1 dlre< ; t ' 0nal contro1 and diffusion, the 

glare in residence luminaires. Inurement of one intended to place the light where it is wanted, and 

rrn tt v . . . _ IflO OI.h PV T.n cnmirl _ 7 


•t . 7 - - mta-surement oi 

glare m residence luminaires. 

The Home Lighting Committee of the National Elec- 
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ii *-— wxx^xc ib it, wanted, and 

tne other to avoid excessive glare 

MeUghtiSta^the trend is defi- 
typical plans for such re-fkturing camp“gT Oto £“ ‘"l" 86 ° f ! ^ to obtain a 

information and material is being prepared and will be avoid!„„ ^w-een cleaning periods by 


information and material is being prepared and will be 
disseminated by that Committee throughout the year. 
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%htbg Zed aCbVity iU promoting improved residence 
There is a noticeable trend in manufacturers’ lines 
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avoiding the absorption of light otherwise due to the 
collection of dirt on the lamp bulb, and on enclosing 


toward luminaires embodying provisions for ttie shading demine' Tr^ ? the 1] qualities of str ^ %hting to 
of lamps, although the development is far too slow to be lUummatm « merits of various 

considered as satisfactory. Several mexnp-n«iTro ^" 9«n3.tioilS. 


nn Tb ^iummating Engineering Society’s Committee 
on Street Lighting is making progress in developing a 
method of appraising the qualities of street lighting to 
determine the relative i llnminofivir.- _j? 
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considered as satisfactory. Several inexpensive de¬ 
vices are on the market to enable the use of shades <*i 
modern types of lamps. • 


MoT he i St tf t and • Hlghway Lighting Committee, 
tional Electric Light Association, has outlined a 

ree-year program to cover thoroughly the sales and 
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Street Lighting. The attitude of the electrical firA J prog ^ am t° cover thoroughly the sales and 
industry toward street lighting seems to be undergoing r,nt« S • ° f , Street llghting ^tems. It pur- 

a wholesome alteration. Street lighting is comi™ tf p °ses issuing a manual on street lighting. 
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a wholesome alteration. Street lighting is coming to 
e regarded as a phase of utility operation which is 
capable ot becoming remunerative both to the com 
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the lighting of interurban highways is slowly pro¬ 
gressing with promise of greatly accelerated growth in 
the near future. Rural electrification is an interlinking 
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munity and to the utility. Accordingly both the facto tu } ure :. ^ ural el ectrification is an interlinking 
engineering and commercial aspects of street lighting acts 4 ^ natl0n ‘ wide legislation providing enabling- 
are being given more intensive and forward-looking indLt the P™u»y desideratum. There are many 
consideration than in the past. It is coming to be reco/ adlcatlons ^ hat as legal obstructions are removed, 
razed that through comprehensive planning coupled !S § ^ m hlghwa y lighting will follow. The 

with general plans for city improvements and growth +>, ^ m . 1 S presen t status is one of legislation rather 

• economies may be had through standardization r#>’ . an 0 englaeen . n g- However, more engineering analy- 

duced obsolescence, efficient energy distribution’and" v if nd ®y aluatl0n . of the social economic aspects of 
control. gy aistn bution and highway lighting will hasten the required legislation. 

It is generally recognized that street lighting desert n -uv & ^ P resents a partial list of intensive street 
the accurate methods of the engineer since nationals i ™ the United Stat es as of March 1st, 

we are confronted with the need for manv extensiVo ' , dditional intensive installations are being made 

improvements. There is dawning a new era in sWf «r are planned in several other cities. From this list 

new era m street it is evident that existing high intensity installations 
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are divided between luminous arc and tungsten l amp s, 
although present indications point to a trend toward 
tungsten installations in the immediate future. 

PARTIAL LIST OP INTENSIVE STREET LIGHTING SYSTEMS 
AS OP MARCH, 1927 


Jersey City, N. J.—Journal Square Plaza. 

Salt Lake City, Business Section... 

Niagara Falls, Falls Street. 

San Francisco, Market Street.... 

Schenectady, Erie Boulevard. 

Portland, Oregon—Business District. 

Columbus, Ohio—Business District. 

Schenectady, State Street. 

Los Angeles—Several streets. 

Indianapolis, Business Section.. 

Los Angeles, Broadway. 

San Francisco, Triangle District. 

El Paso, Business Section. 

Cleveland, Superior Avenue.. 

Kochester, N. Y.—East Main and East Av 

Lynn, Mass.—Central Avenue..... 

Augusta, Ga.—Broad Street.. 

Davenport, Iowa—Business Section. 

Syracuse, Business Section.* .. 

Boston—Several business streets. 

Boston—Massachusetts Avenue. 

Lansing, Michigan—Business Section. 

Lawrence, Mass., Essex Street. 

Chicago, South State Street. 

Gary, Indiana—Business District. 

Lynn, Mass.—Business District. 


Chattanooga Tenn.—Business District. 


-Business District. 


Lumens per linear 
foot of street* 

2000 2-lamp tungsten 

1050 

2 

U 

857 

1 


822 

3 

arc 

761 

2 

U 

750 

3 

« 

700 

2 

u 

600 

2 

tungsten 

600 

2 

« 

585 

2 

arc 

. . .375 to 510 

2 

tungsten 

520 

2 

« 

510 

2 

arc 

500 

2 


500 

2 

“ 

.. 500 

1 

tungsten 

3... 472 

2 

arc 

450 

2 

U 

450 

2 

tungsten 

450 

2 

« 

425 

2 

arc 

400 

1 

« 

400 

1 

tungsten 

400 

2 

« 

400 

2 


400 

1 

« 

381 

2 


351 

1 

arc 

350 

1 

tungsten 

340 

1 

u 

333 

1 

it 

325 

1 ‘ 

arc 

304 

1 ‘ 

“ 

300 

2 

tungsten 

300 

1 

arc 

300 

1 

U 

300 

1 “ 

u 


Providence, r, i.— Business section . 3oo i “ << to replace the red lights in the : 

*As an index of grade of lighting “lumens pec linear foot” is evidently an indication of Safe exits in Case 

SeseTnstaUations. 61 : basis ° f t,rse statement ls ' however ' available for Automobile Headlighting. T1 

» headlighting is receiving a grea 

signal Lights for Traffic Control. The need of than many people, perhaps, knov 
standardization of electric traffic signals is apparent, said that any great developmen 
In some cities one may make a right or left turn on a consummated, it is still a fact 
red signal while in others such a movement is prohibited, agencies, along different lines, b 
there seems to be a divergence of opinion as to whether the'same object, have considerabl 
there should be three colors or two. A committee knowledge of the subject and ha\ 
appointed by the governor of an eastern state has re- satisfactory situation just so i 
Gently gone on record as approving a two-color system, such activities now in progress, 2 
while a similar committee in a neighboring state has Uniform Vehicle Code, enforcem 
also gone definitely on record as favoring a three-color activities productive of a better 


The lack of standardization in the use of the colored 
lights in connection with the control of traffic has made 
it difficult for the police to enforce the regulations. It is 
needless to dwell further upon the chaotic conditions 
which exist at the present time. The traffic problem 
requires the cooperation of the architect, civil engineer, 
police officials, electrical engineer, illuminating engineer, 
transportation engineer, etc., in order that all the 
various phases of the problem may receive due con¬ 
sideration. All of these are concerning themselves with 
it, but often independently and without coordination. 

In a recent number of the Architectural Forum there 
is an article by a nationally known architect which deals 
with the relation of the height of buildings and the 
density of pedestrian traffic upon the streets. 

Out of this maelstrom of independent activity comes 
the announcement of the organization of a committee 
of the American Engineering Council, under the chair¬ 
manship of Dean Dexter S. Kimball, of Cornell Uni¬ 
versity, which shall study the problem and prepare a 
standard code, so that when the automobilists from New 
York are driving in San Francisco, or vice versa, the 
signals will carry the same message. Such standardiza¬ 
tion now exists in the railroad industry where red to 
the railroad njan means only one thing—danger. 
Yet the general* public has been educated to regard the 
use of red light in a building as a safety exit in case of 
fire, or, on a street, a safety aisle. In navigation the 
use of red for port and green for starboard is standard 
the world over. Possibly after the standardized code 
for the control of traffic is available, action can be taken 
to replace the red lights in the interior of buildings as 
an indication of safe exits in case of fire. 

Automobile Headlighting. The art of* automobile 
headlighting is receiving a great deal more attention 
than many people, perhaps, know. While it cannot be 
said that any great developments have been recently, 
consummated, it is still a fact that efforts by many 
agencies, along different lines, but all directed toward 
the same object, have considerably advanced the general 
knowledge of the subject and have brought an ul tima te 
satisfactory situation just so much closer. Among 
such activities now in progress, are: recognition of the 
Uniform Vehicle Code, enforcement of headlight laws, 


system. Tourists traversing these two states are likely 
to encounter trouble. 

There also seems to be a wide difference of opinion as 
to the proper location of signals. Some city officials 
prefer the pedestal type mounted in the roadway;» 
others prefer the bracket type of suspension from 
messenger wire across the street. It is not unusual to 
hear of controversies between officials of the State 
Highway Department and of municipalities as to the 
type of signal. Most of the State Highway Depart¬ 
ments will not permit the use of pedestal type signals 
on the roadway owing to the fact that if they fail to 
light they become a hazard. 


understanding of the 


nature and prevention of glare, the relation of automo¬ 
bile headlighting to street lighting, mechanical require-; 
ments for headlights, and recognition of the shortcom¬ 
ings of present equipment. ^ 

The most notable development in automobile lighting 
practise during the past year has been the very general 
adoption by manufacturers of the better grades of cars, 
of a changeable beam headlighting system. This has 
been approved by all the states as legal. A brief 
review of the history of this development may not be 
out of place here. 

A number of years ago, the Illuminating Engineering 
Society and the Society of Automotive Engineers, 







































working together, endeavored to improve the unsatis¬ 
factory condition. of automobile headlighting by 
adopting a set of minimum and maximum limits cover¬ 
ing a light distribution that would yield a maximum 
of good driving light and a minimum of objectionable 
glare. These limits were based on permanent and 
fixed adjustment and pointing of the headlights. In 
the nature of things, these limits were a compromise 
but were so well worked out as to produce a mar ked 
improvement in road driving conditions after dark. 

Since these limits were adopted, however, there has 
been a considerable change in many of the elements of 
the problem. The average height of the eyes of drivers 
above the road surface is considerably less than it was 
five years ago, due to the constant lowering of cars 
Vehicle springs are now being made softer than thev 

men f n Ka Poto _ji J 
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Illumination intensities have in general , been higher 
and larger numbers of projectors have been used on 
individual installations than have ever been used before 
Two state capitols, those of New Jersey and Texas’ 
were added to the list of half a dozen or more that have 
been flood-lighted previously. Two large office build¬ 
ings mDetroit were lighted; in one case over three 
hundred and the other over one hundred projectors 
were used. In BrooMyn over one hundred projectors 
were used on an office building, and in New York nearly 
five hundred projectors are employed to light the upper 
portion of a new theater. Kansas City has lighted its 
huge war memorial by means of searchlights; steam 
emerging from the top is illuminated by colored light 
from projectors concealed in the top. 

Great interest is developing in lighting recreational 
areas. Tn nTYJpr* _ it » 


to to road inequalities. Furthermore beeau^ to Tft' ,°, <to*en may be kept from the 

passenger load comes very largely on the rear springs lighted ‘rvl? 1 publlc . P la ygrounds have been 

there is a big change in car angle undermi! com £ ti f ******8 numbers are lighting 
ditions of load. Having these changed conditions in was erven thk ° r mSht Considerable impetus 

mmd, committees of the Society of Automotive Enei of by the success of the lighting 

neers and of the Illuminating 7 Engineering SoSy founds ^ PhiIadel P bia Sesqui-CentennJ 

roSCleaSuStoT^dSel 6 *** Electtc lishfin* 

for use in passing another car. Thf drived’is tZ for n ^ deVeloped in tbis 
expected to change from one type of distribution to the TutU of 6 ’ 1S bemg ext ® nded lnt o the daylight hours, 
other as conditions demand. Experience hT shown ZZ °f ne0n and oth er gases or vapors offering 
that drivers can be trusted to do this if they are oro servi S - C ° ° r COntrast Wltb daylight are entering into 

vi Jd with a reasonably good passing light Sfo^ SOm ® secbl0ns 1 of the coua try quite extensively. 

By the use of the alternative system of distribution Tkl j a llke de ™lopment in Europe, 
of the beam, two things are accomplished: first, a great emnlovelTTor ^ ° f ^ n . eon . tubes which are ordinarily 
amelioration of the glare d'fficulty is obtained by the (usualfv 11 to^ Zv* f T° m 7 t0 32 miIIimeters 

use of the changed beam, and second, since the beam oranlL V 1 ? millimeters). The characteristic 

can be removed from other drivers’ eyes the adiust ° f ne ° n P r e domina tes in displays 

ment of the headlamps may be such that the tOD of thp Z t 0 ?ft te but ° tber colors are to be seen. These 

-beam is higher than withto fixed beam eqtoment The to Mum, argon, etc. | 

thus providing a better driving light where the ahTe "ce Z to be sY 0n °' mmury ™P»r is 

of oncoming cars renders it practicable to keep!to Thf,.A “■ T* 1 

beam m its normal position. P ' 6 The tubes vary m length from 10 to 40 feet. Starting 

At the present time, a joint committee, composed of iSZZT approx ™ ateIy 200 volts per foot of thetube; 
members of the two societies, is conducting research to a ^ rnating 25 to 60 cycles is employed, rotary 

tetermme the proper limits to govern the new types of plrW b ff g . used ^ bere the supply is direct current, 

light distribution. Without waiting for the final rii* y pi cal tubes of 20 -foot length and 15-millimeter 
results of this committee’s work, many motor car *1 tbe “ anufact ^s state that the consump- 

compames are adopting systems in which the rLW ? 1S f ab °ut 200 watts. This increases rapidly if the 
,dnvmg beam is lowered through an angle of two or three f ° f .^ tube 1S mcreased - The power factor of f 

degrees m passing another car. A numberofsimnle Su ^ ha Slgn “stated to be approximately 50 per cent. fj 

and eeononnGal ways are now available for accom- nr\ f e usual filament-lamp electric signs are being 1 ; 

plishmo- ILiq rncnif a com.— adapted in sotyia r»oc<<ac< 4-^ _ _ n 


# o — me ouppiy is direct current. 

For typical tubes of 20 -foot length and 15-millimeter 
larnet.pr tno mcmiTpnni-h-i™/.._ j it,.-. 1 


- * -- mi u ±o-mimmeter 

diameter, the manufacturers state that the consump¬ 
tion is about 200 watts. This increases rapidly if the 
diameter of the tube is increased. The power factor of 
such a sign is stated to be approximately 50 per cent. 

the usual filament-lamp electric signs are being 
adapted in some- cases to daytime use. For this 

. T_• i I • 


.. . . — j uuw avauanip for ™ -i , 7 ait; utung 

phshmg this result and the public approval of tpl ada P te d m some cases to daytime use. For this 
change has been verymarked the an area of brightness is built up optically so 

The old system of reducing the candle power hv nf+A 16 T tlTe surface of a lett er is given the brightness 
dimming is condemned by everyone and itishS^ 2 ? filament ltseIf wben viewed ^om certain 

it will become obsolete in the near futime directions. 

Lighting of Exteriors. The advantages of fWw ln obtaining a large area brightness, the light has been 

lighting have been amply demonstrated,^ only bv \ nt ° a relatively narrow angle; hence, 

the number of large installations during the past year T hlS &ngle only is its effectiveness at a maximum, 
but by to diversified character of a , e i® StotoT Su « h ^ 8 “ 8 " »-of greatest value when to traffic is massed 

to installations, wnhrn a relatively narrow viewing angle, and where 
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people approach the sign nearly “head on” for a consider¬ 
able distance. There are many such locations—atop 
the marquise projecting over the sidewalk; at a dead¬ 
end street; on a highway curve;—where the new type of 
sign may be effective. 

Illuminated Bulletin Boards. The use of illuminated 
poster and bulletin boards is rapidly increasing and it is 
noted that more consideration is being given architec¬ 
tural features as well as the use of novel lighting, and 
mechanical effects. 

The appearance of animation or action, is sometimes 
accomplished through color by the absorption method. 
The advertisement is painted on the bulletin board with 
carefully selected oil colors. There are two lighting 
equipments, one for example, for red lighting and the 
other for blue-green lighting. Supply circuits are 
controlled by a two-circuit flasher so that by the alter- 
nate flashing of the red and blue-green lights, the fading 
out of certain words or images on the bulletin is ac¬ 
complished. For example, the red light will apparently 
absorb the red painted images or words on the sign 
leaving visible only the darker colors which do not con¬ 
tain red. Equivalent effects are had with the 
blue-green. 

A rather interesting mechanical bulletin board has 
made its appearance in the Middle West. The face 
of this board consists of a series of equilateral triangular 
members each of which operates on an axis so that the 
entire face of the sign revolves simultaneously. In 
this manner three separate advertisements can be 
painted on the respective faces of the triangles. An 
electric motor operates the mechanism so that the sign 
may be changed four times a minute. These displays 
are illuminated for night operation. 

A rather effective plan has been worked out whereby 
the use of a modern show-window is combined with a 
billboard. The show-window is built flush with the face 
of the bulletin. The bulletin bears the usual advertis¬ 
ing) while behind the plate glass of the show-window is 
arranged a display of merchandise. The face of the 
bulletin is lighted by means of angle reflectors in the 
usual method and the interior of the show-window is 
illuminated with show-window reflectors. 

It is interesting to note that the electrical advertising 
industry has taken action to improve.the appearance of 
bulletin boards and also to restrain members of their 
industry from installing posters and bulletin boards in 
places where they impair the beauty of the scenery. 
The unrestrained activity on the part of various poster 
advertising companies in locating their stands in places 
where they detract from the natural beauty of the land¬ 
scape has caused very unfavorable public comment 
and it is logical that the industry should take action 
to remove the cause of the criticism. 

Lighting for Aviation. The rapid advance of aviation, 
especially in the United States Air Mail Service, has 
given rise to demand for lighted air-ways. It is re¬ 
ported that 3700 miles of transcontinental route are 


■ now lighted and appropriations have been passed for 
1 lighting the following routes for 1927: 

New York to Boston 
St. Louis to Chicago 
Dallas to Chicago 

Salt Lake City to Los Angeles • 

Pasco to Elko 
-.Chicago to Twin Cities 
Cheyenne to Pueblo 

Under the auspices of the Department of Commerce 
there has been developed a lighting system, employing 
usually 24-meh revolving beacons, equipped with 900 
or 1000-watt tungsten lamps located at average in¬ 
tervals of ten miles along the air routes. Intermediate 
landing fields are located every 25 miles along the routes, 
each equipped with a beacon and 20 boundary, lights. 
A green approach light and red lights on top of obstruc¬ 
tions near the fields are used. 

A typical airport has approximately 30 kw. of light¬ 
ing load, involving from $5000 to $12,000 worth of 
lighting equipment. It comprehends: 

1 . Revolving beacon to guide the aviator to the air¬ 
port. 

2 . Boundary lights (60-c. p. series) all around the field 
to show the Imitation of the boundary area. 

3. Red lamps on all obstructions near the field, such 
as radio towers, telegraph poles, etc. 

4. An illuminated wind indicator to show the strength 
and direction of the wind. 

5. A ceiling light (1000-watt, 18-inch searchlight to 
show the height of the bottom of the clouds. 

6 . Flood lights on the roofs and sides of the hangars 
(200-watt lamps). 

7. A high-intensity arc'searchlight, of a couple of 
10 -kw. tungsten lamps to floodlight the landing field- 
itself. 

There are already nineteen lighted fields in the 
United States and forty others from which regular 
flying is being done on such schedules that lighting is 
required. Many cities are alive to the coming air 
commerce, and are appropriating funds to prepare 
lighted ports. It is a movement which is spreading very 
fast. Estimates indicate that by the end of next year 
there will be 2000 lighted fields in the country. 

In 1926 the Post Office Department used on their 
fields in the Air Mail Service, 3710, 900- and 1000-watt 
lamps; 1920 200-watt lamps and 1440 600-lumen serips 
lamps. The 1927 plans are for over three times as 
much air mail service as in 1926, with a corresponding 
increase in lighting. 

Subterranean Lighting. The new vehicular tunnel 
from New York to Jersey City offers the outstanding . 
installation of this class of electric lighting. It will 
probably be the most heavily traveled long tunnel in 
the world. 

Although the main travel will be in one direction in 
each of the two tubes, the use of unidirectional lighting 
was impracticable because of the possibility of only one 
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„ tube being used for travel in both directions when repairs 
are being made. The lighting is accomplished by in¬ 
candescent lamps behind windows set at the joints 
between the side walls and ceiling, and arranged so that 
the units on one side illuminate the opposite half of the 
tunnel, and avoid glare in the eyes of drivers. About 
two foot-candles are provided, with an overlapping 
distribution to minimize shadows from high vehicles. 

At each end additional light is provided for daytime 
use, to lessen the contrast with daylight. 

hallway Lighting. Developments in lighting in the 
steam railroad field during the past year or so have 
largely kept pace with the general development in other 
fields of lighting. As a whole, railroads are appreciating 
the benefits of higher intensities of illumination, 
particularly in shops and offices where artificial illumi¬ 
nation may be required a large percentage of the time 
with the consequence that the average levels of illumina- 
tmn intensities for interior lighting throughout the rail- 
r< >ad field are being considerably raised. 

Oonaderable attention is being given to providing 
bts ter illumination in passenger carrying cars. In the 
matter of intensities the best practise of today repre¬ 
sents from 75 to 100 per cent higher average illumination 
intensities than the practises of eight o* teif years ago 
1 his has been made possible by the improvements in 
r , e . ffic,enc,es of tram lighting lamps and the successful 

develoDment of kmps . of , hi ^ her stages, also the 
Oaretopment of economical car lighting axle generator 

and batteries of larger capacity. 

." !| € past year has seen very rapid growth in tho 
general interest in the subiect nf a JL r L th 
applied to railroad yards "as well as the o r' x* ng aS 
this system at a rabidly iTe^nT^T^ 

um '' * * ablems in which * yards presents 

•here has been Waikbk 

Src T ld f in ^out^chStS 

flood lighting that Jill S? I* the system of 
results. This subiect- i« vf- Ce . mos * effective 
Committee on Illumination of s . tudied by tb e 

way -Electrical SErjJ AsSOCiation <* Rafl- 
another year iiLSnSL d 1S . expected that by 

application of * the 

**??*“" a !»"S definite lines of grad “ aIlj ' 

f r ° HemS tha ‘ ■» 

of Railway Electrical Engineers'Sd* the Associ ation 
fiie assistance of the ilffimiW^ ^ prepared . with 
of the incandescent lajfp^w 8 “peering staffs 

of Lighting Practises for Railroads" S * “ Manual 
general code of lighting nra L? d whlch serves as a 
field. SMmg prac ttse as applying to this 


Illumination of a » 

tbn of outdoor ilIumina - 

facihtate operation, but it has 


cases, to have an advertising value aswell. Oneinstalla- 
tion recently described in the technical press emphasized 
the advertising value by employing a hot galvanized 
finish on all structural steel and two coats of aluminum 
paint on transformer cases, switch housings and other 
exposed metal surfaces. # 

Lighted Ornaments. Artificial* light has been em¬ 
ployed thus far primarily for utilitarian purposes. Only 
occasionally, and to a Very slight extent, has it been 
employed m residences for the. illumination of orna¬ 
ments. Evidently the potentialities of such employ¬ 
ment of artificial light are very great. There are some 
indications that these potentialities are beginning to be 
realized, and in the not very distant future the employ¬ 
ment of lighted objects of decoration solely for the 
purpose of ornament may assume considerable pro¬ 
portions. * 

Related Topics 
Photometry. Progress in photometry during the past 
year has been principally in the application and use of 

SlfiP CeU in * con J unction with suitable 

lght filters At the present time photoelectric photom¬ 
eters are largely used for routine measurements of 
incandescent lamps; this includes street ser“ps 

efecSr r ps ’ C0l0red b ” ,b lamps ’ et0 - The photol 

t ;| , ■ ce e P ul P ment has also been adapted to dis- 
tr bnt on photometers, the spectro-photometer and 
color temperature determinations 

— r ~ 

issm ^^o tmc3ith Li b z 

Effect of Illumination on Industrial Production The 
Committee on Industrial Lighting of the DMsion of 

hi ^mplefed a S th rCh °' National Resear <* Council 
nSonTnoi Astudy of the effect of .illumi- 

engineJSSaiSm^ » 
SeS^eptTenf Z t A maMal Li *** 

mittee of the NaHo^l m . ? re P aratl011 by a «”»- 
approaching comnW E f nc Light Association, is 
lighting fiplr) •° n ’ b>ar ^ which deals with the 

aCtiTities ' b«" 

station lighting acLS “ H ‘ CCl ' e ” t 8UWe for central 

interest in jllumlnatkm ifT™ 06 . of , tlle increasing 
local lighting shown by the demand for 

numerous during tu S ' J bese have become more 

promoted by individual 7T‘ & rUle they are 

of their emplovpc« cerdrsd stations for the benefit 

instances they hav<a' ei ^ a ?'® d ' n bghting. In several 
and dealers and wh^ ° CaI electrical contractors 

have been held un ^ 11 ^ ^ aS ^ een case > the schools 
league or some 6 aus P^ ces °f a local electrical 

some similar body. The instruction in 
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these schools has been conducted mainly by the in¬ 
candescent lamp manufacturers. 

Illumination Items in the Journal. In view of the 
fact that lighting programs are included in Institute 
meetings only occasionally, this Committee has found 
it expedient to endcSavor to keep Institute members 
advised of lighting developments through the medium 
of brief articles which appeared from time to time in the 
columns of the J ournal. List of titles of articles wjiich 
have appeared during the past year is as follows: 

A Daylight Electric Sign. 

Lighting Totaling 25,000,000 Candle Power Burned 
Nightly in Broadway Signs. 

Europe Organizes Its Lighting Activities. 

Inside Frosted Lamps. 

Trend of Electric Lighting. 

Must the Traveler Read Slowly? 

Practical Color Photometry. * 

Industrial Lighting Activity of N. E. L. A. 

Meet the Well Lighted Car. 


% 

European Lighting Progress Discussed at Rome. 

Illuminating Engineering in Germany. 

Home Lighting Contest in France. 

British Lighting Contest begins with a Burst of 
Enthusiasm. 

A Recent Lighting Demonstration in Hblland. 

Incandescent Lamp Ratings in France. 

Artificial Lighting in Foundries. 

British Investigate Light and Industrial Efficiency. 

Carbon Lamps. 

Conclusion 

The Committee on Production and Application of 
Light, notes with satisfaction advances which are being 
made in the application of electricity in the field of 
illumination,, and is gratified to observe a tendency of 
the related industries to organize for more effective 
achievement along these lines. The potentialities in 
this field the Committee believes to be great, both in 
prospective engineering achievement and in benefit 
for the public. 

P. S. Millar, Chairman. 


Electrophysics, 

Annual Report of the Electrophysics Committee” 


To the Board of Directors : 

The general views of the chairman of the committee 
will be found in the editorial entitled Relationship 
between Physics and Electrical Engineering, in the 
JOURNAL for February, 1927. This editorial may be 
considered as part of „this report.’ During the year, 
some of the members of the committee volunteered 
to watch new developments in the following topics: 
Ferro-magnetism, theory of mapping of fields, short- 
time phenomena, high-voltage research, insulation 
and dielectrics (solid, liquid, and gaseous), arcs and 
discharges, short-wave. propagation, atomic physics, 
spectroscopy, quantum theory, and surges. This 
list will give an idea of the scope of interest in electro¬ 
physics. Several manuscripts submitted to the Insti¬ 
tute were read and passed upon by the committee. 

. committee has felt that a constant influx of new 
ideas from the field of pure physics to Institute member¬ 
ship should be carefully maintained, in order that the 
profession might promptly take advantage of new 
discoveries, methods of measurement, and theories. 
As a partial realization of this endeavor, the co mm ittee. 
desires to r ep ort as follows: 

Committee on Electrophysics: 

V. KarapetofT, Chairman 
Carl Kinsley, Secretary 

Oliver E. Buckley, W. B. Kouwenhoven, 

V. Bush, K. B. McEachron, 

J. F H. Douglas, R. A. Millikan, 

Charles Portescue, J. h. Morecroft, 

Carl Kinsley 


Chester W. Rice, 
J. Slepian, 

Harold. B. Smith, 
Irving B. Smith, 

i j J - B - Whitehead. 

presented at the Summer Convention of the A. I. E. E. 
Detroit, Mich., June 20-24,1927. 


1. It has obtained permission from your Board to 
invite two members of the American Physical Society 
to sit with the committee. It is hoped that this 
arrangement will actually go into effect after August 
first. 

2. . It has obtained permission from the editor of 
Physical Review to publish in our Journal abridgments 
of any papers appearing in the Review, with the usual 
credit. This will make it possible to note important 
articles immediately after their publication. 

3. It has arranged with Professor K. T. Compton of 
Prfnceton University to write a paper on The Nature oj 
the Electric Arc for presentation at this convention. 
It is hoped that another prominent physicist may be 
secured to address our next Winter Convention and that 
such addresses may become a regular practise iq the 
future, at least at Winter Conventions. 

Papers Presented 

The following papers and articles, which appeared is 
the Journal during the period covered by this report, 
will give an idea of the range of topics in electrophysics 
covered. While not all of these papers were presented 
under the auspices of the Electrophysics Committee, 
they all lie within the scope of the committee’s interests. 
The pages refer to the Journal. 

1926 

Temperature of a Contact and Related Current-Inter¬ 
ruption Problems, J. Slepian, October, p. 930. 

Measurement of Transients by the Lichtenberg Figures, 
K. B. McEachron, October, p. 934. 




The Space Charge That Surrounds a Conductor in 
Corona at 60 Cycles, J. S. Carroll and H. J Ryan 
November, p. 1136. 7 ’ 

Coolidge’s Cathode Ray Tube, November, p. H43 
Vwuun Switching Experiments, R. W. Sorensen and 
H. E. Mendenhall, December, p. 1203. 
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hfl \ C uf e rays due t0 ver y high voltages h; 
been brought outside the vacuum tube, and have 

ImLjZ d ^ Phen0mem > (Coolidge, Frank. 

Short-Time Phenomena 


I 

aralt 9 V'^Measurements with Cathode Ray Oscillo¬ 
graph, 1. J. Rasmussen, January, p. 3. 

Maxwell’s Theory of Layer Dielectrics, F. D 
c Mumaghan, February, p. 132. 

r ,f Electronic Rectifier, L. 0. Grondahl and E. H 
Geigher, March, p. 215. 

r T d Current in Alternating Corona 

C. H. Willis, March, p. 272. • ’ 

April, p.BS6 d ° Wn ^ ^ Spacings ’ D - F - Miner, 

Graphical Determination of Magnetic Fields,. A R 
Stevenson, Jr., and R. H. Park, Winter Conation.' 
E. E. Johnson and C. H. Green, June, p. 583. 

Electrical Discharges in Gases 

Disruptive Discharges. Using a development nf 

^rpol S sftle 0r t y ° f ;° nizati ? n colli «ion, it has been 
p oved possible to design electrode Shapes of hio-h 

smaller &g elecfcrodes so designed are much 

mailer than corresponding “no time-lag” spheres 

R r gler ’ ArcUv ' f - Elektrotech.). A 
i I?!! ^Park-over of gaps has shown that 
many cases the duration of the lag is a matter 

(Mck a ch C ron an i T t E be E deal l t ^ sfcatisticalI V> 

Zeitsch. f Physik) ’ The E fl J0URN ^ L; Br aunbek, ; 
electrode «nrf? ' mflue - nce of the state of , 

fRnrI« ? , ° n time lag has been confirmed i 
jBurawoy, Archiv. f. Elektrotech.). The Townsend 

-eoryof ionization by collision seems to be inadeauate 

. f mL JL )> experimental work has been dene 

° f StriMng ° f iightning, a 

thfiff corrnf m/’tllffl F'"'' a rationaI ” 

^5« lc 

■-.•-■.rwSfiS'i'.-;' • 

ti/t- 7 ," ’ pmn, Rhys. Rev., Frank Tn<tf ti \ a 
Miscellaneous. Important f ’ „i , L ha 


Short-Time Phenomena 

"“f “ ade ' in deyeI <TO i»*u- 
<” Zffa, j ?■ T7 atlon of the characteristics of 
short-time electrical phenomena. Through the use 

X tyne VTs m Cath °S ray osc ii.i°graph of the Dufour 

bXeen Z°e W P< T, 6 t0 determine th « relationship 
I- between time, voltage, and current for any device 

rite ” 8 transient COnditio “ 5 - Such “ * tiling 

Heretofore, it has only been possible to calculate 
. wave fronts and such calculations were of courS 
limited to the assumptions made and frequently gave ' 

■ "f ults considerably in.error because of the presence 

• 2 ranh S i? e L ° SCi ? ati0ns - T he cathode ray oscillo- 
Se? h n b6en US6d successfuIJ y for transients whose 
erest voltage was attained.in one ten-millionth of a sec 

The propagation of waves over circuits and effects of 

sMal 10 n n rnhf ntS ’ ° f in ^ a tion, and X 

heTnof arS bemg activeI V studied with the 

the effects nf C i n °ift raPh ' ^ 1S aIs ° being used to stud y 
gives for the fi lg f ht + nmg ° n transmission circuits, and 

minationnf th & L “ ° Pportunit y for the deter- 
Hghtning. f he CharaCter and form of transients due to 

and °t r m!LT rP0Se r field studies of transients 

UchtoZ J™ h V’ SUrge recorders based on - v ■ 

ichtenberg figures have become of vefy great im- 

occurence ^ '™“f 

manvTvl dlS * U / ban f s have been determined for • 
knowled These data have added 'greatly to our 

auantirJ 6 ° P h ® nomena f° r which there were only few 
cover a verv a m tbe past. The measurements 
on Draetimll range ° f voIta g e > having been made 

22oS‘ 8 iSor s ^ r ° m te,eph °" e drc “ ite 

as ?L? rge f corder is also very useful in the laboratory 
with out w 6 °* r measu ™^ the potential of transients, 

Scuh t ramng appreciabIe ener gy from the test 

are Jnw f 7- mVe 7 Stigat0rS ' both here and abroad, 
ow studying the phenomena of lightning with 

tocomk inte If St ’ and considerable benefit is certain 
to come from these studies. 


Ferromagnetism 

_ 2 Uring ^he past year notable advances have be 
“ ad ^ n jur understanding of ferromagnetism, princi] 

among which may be noted : 

7 h Studies of single crystals of iron and of nicl 
from S ,, 0Wn r ® m arkable magnetic properties differe 
n-om those obtained in multi-crystalline materia 

HoL Pn ww contrib utors in this field have be 
Honda Wehster, Gerlaeh, and Sucksmith. 

‘ Studies of magnetostriction in permalloy 1 


f 

f 
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had prm.«ly been appreciated, and that hysteresis is radiations, ctaicalphyS'Sf' m0leCUlat 

very definitely related tn mam«t™+« n Hr™ w„_i. m,. ’, pnysics, etc. 


. ' * * ’ -~ v**v»w lywitviTOlO i£5 

very definitely related to magnetostriction. Work 
by Wedensky and Simanow and by S. R. Williams 
confirms the existence o£ such a relation. 

3. Studies have been made on the magnetic proper¬ 
ties of iron and magnetite at radio frequencies by Wait. 
His results throw doubt on the results previously 
reported by Arkadiew and his collaborators. 

4. Studies of the specific heat of ferromagnetic 
metals by Sucksmith and of the closely related magneto¬ 
caloric effect by Weiss throw some light on the relations 
between thermal and magnetic energy. 

A very notable contribution to the literature of 
ferromagnetism which is of particular interest to 
electrical engineers is Thomas Spooner’s book on the 
properties and testing of magnetic'materials. 

High-Voltage Research 

In the realm of high-voltage research, steady progress 
has been made. Corona has been studied up to 
potentials of 1,000,000 volts. Spark-gap measurements 
have been extended to 2,000,000 volts. The past year 
saw the first 220-kv. transmission system in the East 
put into operation (in Pennsylvania). 

The use of the ground wire seems to find increasing 
favor as a means of decreasing the number of serious 
impulses occurring on transmission systems during 
lightning storms. Laboratory tests have shown quan- 
titatively the benefits to be derived from the use of the 
ground wire under various conditions. The shielding of 
buildings and other structures from the effects of 
lightning has also been studied. 

Several high-voltage laboratories are now'available 
for research and test purposes, the latest being the new 
2,000,000-volt Ryan Laboratory at Stanford University. 

General Progress in Electrophysics 

With the discovery of X-rays and radioactive 
substances, some 30 years ago, the progress in physics : 
has been phenomenal, and it is not possible even to i 
enumerate briefly, the important contributions which 
have been made within the last year or two, especially ‘ 
in the domain of our knowledge of the fine structure of f 
spectral lines.. These contributions follow the trend f 
Previously established, with respect to the a 
individual electronic orbits which determine the c 
atomic and molecular structure of matter and the , 
ultimate nature of various forms of radiation and other 
forms of energy. ^ 

An authoritative and monumental work on modern t 
Physics is now appearing under the title, Handbuch der 1< 
fhysik, edited.by Geiger and Scheel, in 24 large volumes p 
( pringer, Berlin). Scores of prominent physicists are n 
contributing to this work. Numerous special books g 
are also available on branches of physics of interest ii 


c Those who wish to get a bird’s-eye view on modem 
s developments in physics should read Barrow's “Intro¬ 
duction to Contemporary Physics” (Van Nostrand) 

’ on o S6naI artlcles in the current issues of the 
. BdbSygtem Technical Journal. See also R. A. Millikan 
r The Last Fifteen Years of Physics,” Amer. Philos’, 
boc. Proc., 65.2, pp. 68-78,1926. 

. By following certain portions of Science Abstracts, 

■ Section A, one may readily keep in touch with the 
i progress of an y Particular branch of physics in which one 
is interested. For work done in this country,-the 
abstracts of papers presented before the American 
Physical Society and published in its bulletin should be 
consulted. This bulletin appears separately and is 
also subsequently reprinted in the Physical Review. 
Publications of the National Academy of Sciences, 
Franklin Institute, American Philosophical Society, 
Bell System, etc., will also be found useful. 

Vladimir Karapetoff, Chairman. 

Discussion 

R. W. Sorensen The 1927 Pacific Coast Convention papers 
- 1 m ^ ude re P° rts of work done in a study of the characteristics 
ot lightning and devising means of protecting oil reservoirs 
against lightning strokes. One of the two papers to be pre¬ 
sented at that time is the result of work done in the research 
Laboratories of California Institute of Technology, a group of 
people who wish protection for oil-storage reservoirs providing 
funds for this definite piece of research work. These funds have 
been used up and certain protective plans for oil reservoirs 
prescribed, but there remains much to be done in making a com¬ 
prehensive study of lightning and protection against it. Also 
this is one of the types of problems which, if properly financed, 
could well be carried out by one or more college staffs. Re¬ 
search on such a problem should not be limited to one or two 
laboratories and their respective groups of research men, but . 
we should have a number of field observation crews and a number 
of laboratory groups making studies about lightning. -It is my 
hope 'that a way will be found for men interested in the subject 
of lightning and provided with high-voltage equipment to do 
experimental work at our colleges in order that we may train 
students for this kind of work by permitting members of the 
faculty and student body to have a part in the work. 

I am much encouraged by the work already done. Observers^re 
coming more nearly into accord as to what lightning phenomena 
are and how to protect against the destructive nature of lightning; 
but may I, in closing, urge that a comprehensive program be 
financed in such a way as to enable several college laboratories, - 
as well as the high-voltage laboratories maintained by industrial 
organizations, to have a part in carrying out these investigations. 


People whose eyes tire easily should try daylight 
lamps according to the Bureau of Standards at Washing¬ 
ton. The Bureau has made certain observations which 
lead it to conclude that some individuals need this 
particular type of lamp for night reading and that if 
many are of this type “it is apparent there would be ’a 
great field of usefulness for artificial daylight in increas¬ 
ing human happiness and efficiency.” 






Economic Aspects of Electricity in, Mining Wor 

Annual Report of Committee on Applications to Minin g* 

To the Board of Directors: good judgment is jn ^ ^ ^ 

me applications of electricity m the mining in- which the battery is charged. In gaseous mines the 
dustry, especially in coal mining, have shown a marked use of battery power not only for cutting but for 
increase during the past year, due principally to the^fact pumping and hauling as well, introduces an element of 
that its use is an important element in the solution of safety heretofore unobtainable 
the problem of high mining costs. These adverse Automatic starting equipment has been successful!, 
economy conditions have forcibly brought to the applied to pumping plants, converting apparatuf aid 
attention of mine managers the necessity of replacing fans, and lately, air compressors have been onerafwl 
^pensive labor by electrically operated mechanical without attendants. Successful applications 

Coal loading machinery opepated by electricity has "Z 

Iay ° U ‘ " hk “ ““ 

study still remains to be made concerning* the mip^-Krvn t . 

of coordinating machine loading and mining methods V s m j>ie haulage systems are being 

This new and concentrated use of power 2 ^certain f ff 2 the , °' gatherin * designed to 

section of a mine means a complete XnS2c«on of e- “ ^ SpCed th “ duri ”« the ^ ^ 

the power system, in order to obtain a good voltage n J ertmg e ^ m Pment required for haulage locomotives 

regulation for not only the new equipment but for the ■ b ® paced 1 ! earer to the load centers, thereby 
old as well. improving the voltage regulation. In mines where a 

of ^ow^at^lhHWohs^ind^SO °peg C ^T^ow^^fertor F 

vertical shaft and its proper clamping to the supporting ^; ai ? y installations of electrical shovels have been 

timbers were problems solved in delivering a big block !? ade la tae metsd mining industry, and more recently, 
of power to the bottom of a deep shaft. iv e coal mmin g industry is using this type of shovel. 

In gaseous coal mines where ventilating fans are + Ward Leonard control on the large shovels and a 
electrically operated by power obtained from extensive ™ ,' generator set ^th d -c. motors Pn the smaller 
high-tension systems, it is necessary to provide an S °T e S skow trend in the electrical apparatus used 


nign-tension systems, it is necessary to provide an , m — — —uocu 

emergency source of power to operate the fan in case of 0n jJ ovek 

the failure of the normal power supply. A successful ,. . w ? rk of the . United States Bureau of Mines in 
■i ms a ation of this type was placed in service during the “Sting the permissible electrical equipment for use in 
past year, and it consists of a gasoline-engine-driven gaseous mines is one which deserves the commendation 
generator set which will supply power to the emergency a ? d support of a11 those interested in the safe operation 
motor connected to the double extending fan shaft. of coal mines ; The list is growing rapidly and at the 
■ After a failure of the normal source of power, 30 sec present tlme it is so complete that a mine manager may 

are required to automatically start the gas engine set Select Permissible equipment for practically every 
and restore normal fan service. application in mining. The equipment shows good 

“ he use of storage battery power trucks with a capac- des * gn and a i° w maintenance cost. The fact that the 
ity of about 150 kw-hr. for operating coal cutting :; ur , eau of Mines has approved as'much equipment 
machinery is increasing. Installations of this type dur ng the past two years as was approved during the 
. result in an increase in the number of places cut and pr f vi0us 10 years is proof sufficient that its work is 

an improve d load factor of the power system, providing ^eing valued by the mining industry. j 

* (Committee on Applications to Mining Work * That electricity is being applied in the development ] 

M:c.'Be« hairmail CarILee ' . f ^e^ety appliances is shown in the recently 

f. n. Bosson. John A . Malady, * s chwe< J es * developed methane detecting device. Briefly, it con- I 

uc*nsieY' ght ' ^ attliews ' F*L.‘st(^ r ’ of a Platinum filament mounted on the end of a 

G * M - Kennedy, h. f. Pig g ,° son * ^•^ homas ’ stick, a battery, and an indicator carried on the in- 1 

a. b. S^ land ' He^bert^V’ n J- wigfert,’ spectors belt. Current from the battery is passed I 

Presented at the Summer Con *'r / o. D. Woodward. hrough the filament and it is heated to a constant | 

Detroit, Mich., June W-24,1927. vmwn °f 1 e A - P D- B., temperature. The presence of methane or other hydro- 

carbon gas around the filament increases its temperature 


--- - ' *- - 

* Committee on Applications to Mining Work: 

W. H. Lesser, Chairman 

M. C. Benedict, Carl Lpp 

F. N. Bosson. j ohll A . Malady, ' £ Chwe< ? es ’ 

Graham Bright, Oharlp<! tt K. D. Stewart, 

L. C.Ilsley SrS'f F. L. Stone. 

G. M. Kennedy H F fc * 11 W ' A - Thomas, 

R. L. Kingsland, L. L. Qu^ley 

A. B. Kleer, ■ 

MZ m SLVuLi^ c ^’ ai0 ' * E - 
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is is indicated on a dial graduated to show the 
t of methane in the air. Indicators* may be 
aently located in an airway and can be wired, to 
:e in the mine office which will ring a bell when the 
le rises above the point which is considered safe, 
ions are prevented by protecting the coil by 
oonnets such as sfre used in the Davy safety lamp, 
ssults obtained from this apparatus are very 
story. 

•her development of the miner’s cap lam p has 
d the light available. Judging from the in- 
I efficiency obtained from factory workers when 
.ruination is increased, there is no doubt that the 
e in light furnished to the workers in the “darkest 


factory in the world will result in an increase in safety, 
and efficiency as well. 

When one considers that 80 per cent of the American 
mines are electrified, it seems reasonable to conclude 
that this accomplishment has been helpful in reducing 
operating costs. 

Such a general adoption of electrical power by mines 
where the equipment is subjected to damp and gaseous 
mind air shows that the manufacturers have done their 
part in designing equipment to meet the conditions. 
The commercial power companies have also helped in 
that they are usually in a position to serve a mine with 
power even if it is located in an isolated section. 

W. H. Lesser, Chairman. 


High-Frequency Measurements 

Report of Committee on Instruments and Measurements 


Rutan, R. T. Pierce, and P. A. Borden, and it will 


Zoard of Directors: . 

e branches of the field of electrical measurements 
h the demands of industry have stimulated new, 
ed and more precise methods and means of 
ement are:—electric power and energy, dielec- 
nd high frequency. The first two items were 
in the report of the committee for 1925-26 and 
symposium on dielectric measurements con- 
at the Niagara Falls Regional Meeting of the 
istern District, May, 1926. 

High-Frequency Measurements 
year’s activity has been focussed on the matter 
surement of high-frequency’quantities arising 
illy in the field of carrier telephony and radio, 
mmittee, functioning largely through a sub- 
tee consisting of Messrs. H. M. Turner, Chair- 
D. Doyle, Melville Eastham, W. N. Goodwin, 
B. W. St. Clair, arranged for the presentation 
ies of papers at the Pittsfield Regional Meeting 
•first District (May 25-28, 1927). 
of these papers and aresumd of the information 
papers are included as part of this report under 
ling “Symposium on High-Frequency Measure- 

mcAL Measurement of Physical Values 
committee has also continued, through a sub- 
;ee of one, (namely Mr. P. A. Borden), the 
n of the bibliography of articles in other periodi- 
ling with the application of electrical methods * 
measurement of other than purely electrical 
es. This bibliography is submitted as part of 
>rt. 

Remote Metering 

has been formed this year a new subcommittee 
iy the field of distant indications of electrical 
es. This committee consists of Messrs. E. I. 


report at a later date. 

A. E. Knowlton, Chairman. 
Symposium on^High-Frequency Measurements 

The following ‘article consists of a resume of a series 
of fifteen papers dealing with measurements at high 
frequencies. The study of this subject, the 
preparation of these papers and their presentation, 
will constitute the major activity of the Committee on 
Instruments and Measurements during the year 1926- 
27. The papers are to be presented at the Regional 
Meeting in Pittsfield, Mass., May 25, 1927. Complete 
copies may be obtained from Institute headquarters. 
The papers are as follows: 

1. Notes on the Use of a Radio-Frequency Voltmeter , 
by W. N. Goodwin, Jr. 

2. Substitution Method for the Determination of 
Resistance of Inductors and Capacitors at Radio Fre¬ 
quencies, by C. T. Burke. 

3. Condenser Shunt for Measurement of High- 
Frequency Currents of Large Magnitude, by Alexander 
Nyman. 

4. Radio-Frequency Current Transformers, by Paul 
MacGahan. 

5. Methods for the Measurement of Radio Field 
Strengths, by C. R. Englund and H. T. Friis. 

6. The Quantitative Determination of Radio Receiver 

Performance, by H. D. Oakley. % 

7 . High-Frequency Measurements of Communication 
Lines, by H. A. Affel and J. T. O’Leary. 

8. Methods of Measuring the Insulation of Telephone 
Lines at High Frequencies, by E. I. Green. 

9. High-Frequency Measuremenf’of Communication 
Apparatus, by W. J. Shackleton and J. G. Ferguson. 

10. Impedance of a Non-Linear Circuit Element, 
by E. Petersen. 


b/j.'wX™ AnalVSh 0/ Vm%, 

12. A New Thermionic Voltmeter, by S. C. Hoare 
i8. The Oscilloscope: A Stabilized Cathode Ray OsciUo- 

AXiS ’ by Frederick Bede11 and 

Rrll Se ™l tlmt f Characteristics of a Low-Frequency 
ridge Network, by P. G. Edwards and H W 
Herrington. 

_ 15. Microammeter Indication of High-Freauencv 
Bridge Balance, by H.M. Turner. ° 9 V 

l Tke committee feels that these papers reflect the 
? deveiopment in the methods of measurement 
of quantities associated with frequencies ranging from 
those just above power and ordinary telephone fre¬ 
quencies through those used in radio^ommunTcation. 

melt! f tr ! mentS Commonly em Pl°yed in measure- 
HrStV * ° rd ! nary P ° Wer fre< inency have very definite 
limitations when used at the higher frequencies Also 

ment^r^^ ° f COmmon knowledge that measure¬ 
ments of circuit properties under the higher frequencies 

cannot m general, be made satisfactorily by direct 
determination of current and voltage drop in a series 
ailment. Much of the progress in "the fieS 5 
high-frequency measurements has been in«ihe direction 
o bridge modifications, adaptation^ th! SeZol 
tube to measurement circuits, and also the improvement 
of thermocouple type instruments Pavement ' 
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Instruments for Radio Frequencies 
silielded thermocouple type voltmeter for radio 

tSnSoton? ™ ribed by , L - T - WiIson “ the 19 « 

2 rs The current consumption varies from 
2 to 8 milhamperes for the conductive circuit of X 
.mtrument and a quadrature componenTTr 
hargmg of the same order of magnitude 
, investigation during the developS of the taSSt 
have shown that in order that the inherent precision of 
instoment shall be realized, the effec? 
tance and capacitance in the connections mu* 
avoided by observance of careful technfnn. ^ 

low—T the effective distance of a reacted th! 

aSSSS 

'for'^SrrT" 16 R a " d L 0t a broad ^‘ tuning coil 
condenser a KIO 5““ “ Series with a 50 °- m - “• <■ 

resistor Sy 2 iSTSTi„ ammeter ““ a 1S “** 

XT XT C0Up,er ■ 

the voltmeter b ? 

the measuring circuit is X to *2pT“^ f e Wb “ 

°' tte “ TXT ty tte 

induetanceTf ^ mmeter and c °ndenser resistances. The 
fomt JhZ th!1' I" COm ? uted fr <™ the resonance , 

nnuia and the capacity setting of the condenser. The ; 


' eS ’ f equenc ? error of this-device is about 1 per cent for 

pZ”). ^ ° rder ° f 1500 kil0eycIes ' ^ See 

lo : Circu ;t constants of capacitors and inductors are in 

“ d “ e method ’ of a substitution type, found by resonating 
them m a series circuit and using as an indicator a crystal 

V shunte? Wlth " d - C - 11 miCT «er, the combSS 
ted across a small inductance in the series circuit. 

The resistance of aminductor is found in the value of a 
' v noH -reactive resistor substituted for the inductor in a 
circuit tuned in both cases to resonance by 

ha J ing n6gligible e ^ uivaIent «eri“ 

n quow of dV iS f0Und in terffis of the 

n quotient of difference and product of the capacities 

3^ f reS ° nance - Sim harly, the capacitance and 

i- inloZZ a Capacitor are found in terms of the change 

e and Ce ^ capacitance between resonance, with 

: (stp: P rS) witho - ut the ~^ 

I more * hi ^mency current of 

■ feasihlA La a ™ peres the hot wire instrument is not 

5 prohibit Tly 1 IZ 6 W resistance tend to become 
? * thermocouple ammeters for larger 

: SL oT 100 f mperes become v ery expensive on 
account of considerations of skin effect and size of 

heating dement. Iron-cored current transformers are 
satisfactory up to 500 kilocycles but for much higher 
frequencies the difficulties in design increase. 

wire m!-l h0d ^ b< f n develo P ed which employs a hot- 
wire or thermocouple ammeter in series with a relatively 

la™ r eUSer a Z the com hiuation in parallel with a 
ounle T r ShUnt The err ° r due tha thermo- 
freauenoT ! “5 ^ 6XCeed °' 5 per een ‘ with 
commit UP t6 6000 - kilo . cycles and satisfactory 
?! e ci1 measurements are feasible up to 60,000 

readfivnerm-wp aSSembIy 0f tbe shunt condenser 
_!! d ‘! yp 7 n ^ lt 9 s * he proyis i° n of several current ranges, 

in A \ ’ 100 > 200 amperes, the thermocouple instrument 
be TatnT V - ag , a °' 25 - amp ere rating. Care must 
hCi V 0 aVOld losses from resonance of the closed 
!wi \ at S ^ e harmonic of the fundamental. The 
diffirnlft Ca ^ llb f atlon of the arrangement presents 
!u Gn by means 0f a cal °rimeter ammeter be- 
tannA Q ° a uncertainty about high-frequency resis- 
tance and effect of distributed capacity. The condenser 

a ! apparen , tIy entitled to greater confidence than 
a direct thermal determination. (See paper No. 3). 

or e measurement of large currents at high fre- 
fL th f 6 are aI . S0 availab Ie current transformers of 
tv. • j° Uy ' bype with secondary rated at one ampere; 

(Shaper No! 4r aUy “ therm “0“P le VP* ammeter. 


Radio Field-Strength and Receiving Sets ‘ 

The vacuum tube used as detector, amplifier and volt- . 
meter is the basis of sensitive comparator methods for 

inon r f limn ?, radl ° fieId lengths at frequencies below 
c. in the customary unit of micro volts per meter 
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oop-antenna is employed in preference to the open- 
ma and no indirect evidence has appeared which 
s in doubt the value of equivalent effective height 
mted for the loops used. Both the IR drop and 
al-inductance voltage methods are employed for 
iucing into the ;jntenna the sinusoidal comparison 
ge; the resistanca method is preferred because its 
Mice is of less concern than the resistance of a 
al inductance and also it serves admirably as a 
nal impedance for a constant impedance attenua- 
network. Shielding is easier with resistance 
ng. 

frequencies higher than 1000 kc. the above method 
les unworkable and a double-detection type of 
er is used after calibration as a vacuum tube 
eter. The received field strength is evaluated in 
of three measured attenuation factors, the 
ed signal voltage and th<j loop effective height, 
energy and static “noise value” are of interest; 
uous static is readily measurable in terms of the 
iph signal strength masked by it. The enormous 
ility of usual static has prompted measuring it by 
the gain of the receiving set necessary to main - 
onstant static output. A non-restoring type of 
ion instrument comparable to a fluxmeter has 
in summing the received energy over a definite 
il. (See paper No. 5). 

problems of measurement of the common electri- 
►perties of the individual elements and of circuit 
>f radio receiving sets having been dealt with, 
ire remaining those factors of set performance 
differentiate sets with respect to their selectivity, 
tity, fidelity of reproduction and reradiation, 
ff these attributes of a completed set have been 
3 to a • quantitative definition and measuring 
l which evaluates them in terms 'of output 
! obtained on response to the input from a con-' 
signal generator. Thus sensitivity is deter- 
as the ratio of output voltage to input field 
h at various output voltages and input fre- 
ss. Dimensional analysis of the expressed ratio 
in reduction to length units; therefore, sensitivi- 
expressed in meters. Selectivity is determined 
is of the input field strength required to main- 
constant minimum value of output voltage for 
.uisite range of frequencies. Quality perform- 
expressed as the ratio of output voltage at the 
modulation frequencies, the antenna voltage 
p-ee of-modulation being maintained constant, 
on is expressed in meter-amperes, the meters, 
le antenna height and the amperes that value of' 
required to establish various output voltages 
tector of known sensitivity when the latter is 
1 with the radiation output of the receiving set. 
>erNo. 6). 

’hone Carrier-Frequency Measurements 
e field of telephone carrier frequencies, the line 


characteristics of chief interest are attenuation, im¬ 
pedance and cross-talk for frequencies up to about 
50,000 cycles. Apparatus for field and* laboratory 
measurement of these quantities has been developed and 
standardized on a unit basis. The units consist of 
oscillator, detector-amplifier, impedancedbridge, ther- 
momilliammeter, variable attenuator, cross-talk set 
and frequency meter. The oscillator is a vacuum- 
tube and tuning circuit giving 0.4 to 0.7 watts maximum 
at frequencies from 100 to 50,000 cycles and above 
3000 cycles has no harmonics of more than 10 per cent of 
the fundamental amplitude. The detector-amplifier is 
adapted to both aural and visual balancing or in¬ 
dication. The impedance bridge is of the balancing or 
differential coil type. ^ The thermomilliameter carries 
its own d-c. calibrating circuit and provides for the use 
of three thermocouples of a range of characteristics 
to cover a current range from 0.2 to 50 milliamperes. 
The attenuator is a network of known loss and terminal 
impedance and the cross-talk-set is a similar attenuator 
adapted to cross-talk measurements of the order of 10~ 6 
times the transmitted currents. The frequency meter 
is a resonance bridge. Attenuation measurements 
made on the current-transmitted versus current-re¬ 
ceived method j£re' possible for energy ratios up to 
30 X 10 6 to an accuracy of about 3 per cent. Impedance 
measurements are of importance in connection with non- 
homogeneous lines and these are generally made on the 
line after terminating it in its characteristic impedance, 
usually a resistance of about 600 ohms; the results 
indicate the efficacy of loading to meet carrier-current 
operation. Avoidance of cross-talk with carrier-fre¬ 
quency operation presents many difficulties and 
necessitates a highly refined system of transpositions; 
the cross-talk measurements made to determine the 
effectiveness of the transpositions are a specialized 
form of attenuation measurements, i. e., attenuation 
to cross-talk must be high and to line transmission, 
low. 

Il is by such a system of measurement that a tele¬ 
phone circuit is tested for its quality after the necessary 
modifications have been made in preparation for carrier- 
current operation. (See paper No. 7). 

A substantial part of the increased attenuatiop at 
carrier frequencies is due to skin effect of the conductors, 
and the leakage conductance of the insulators is found to 
increase rapidly with the frequency; radiation is a 
negligible factor. It is permissible to attribute to 
leakage conductance all losses except those of an P R 
nature in the metallic conductors; the leakage con¬ 
ductance, G, may of course, be derived from measure¬ 
ments of the attenuation but the line would have to be 
at least 100 mi. in length. A direct measurement of G 
on a line short enough (250 ft.) to avoid propagation 
effects and a phase shift of more than five degrees has 
been made on an experimental line with sufficient 
comparability to represent the shunt losses in long lines; 
the line contained 25 poles spaced 7 ft. apart and with 




HIGH-FREQUENCY MEASUREMENTS 


Journal A. I. E. E. 


6-in. spacing of the insulators on the crossarms. A 
certain amount of transposition was resorted to, but the 
important precautions pertained to the manner of 
leading the conductors into the test station. 

Each circuit is ;n effect a conductance shunted by a 
capacitance and thus the equivalent of the leaky 
condenser; the bridge for the conductance measure¬ 
ments is similar to those employed for the determinafjon 
of the loss angle or power factor of dielectrics and con¬ 
densers. The high resistance of a few insulators in 
parallel would appear to require a correspondingly 
« high value of resistance in the standard side of the bridge 
but this is avoided by placing a condenser in series with 
a lesser value of resistance. A method of obtaining 
continuous record of d-c. leakage has been developed; 
a similar continuous record of the high-frequency 
leakage is greatly to be desired but as yet awaits solu¬ 
tion. (See paper No. 8). 

The performance of communication apparatus de¬ 
pends principally upon its impedance and in the pre¬ 
cision and routine measurement of resistance, 
inductance and capacitance, standards of primary and 
secondary nature are necessary. The prime standards 
may well be resistance and frequency and the derived 
standards those of inductance and c%acitance. Self- 
dnven forks (calibrated by phonic v&eel for 24-hr. 
period against Arlington time) can be maintained within 

W Per T\f }°° cycIes ' 0ther frequencies can 
e compared with the standard by means of the cathode 

ray oscillograph. Resistance standards must have 

COnsta , nt phase angle i 1000-ohm stand¬ 
ards have been constructed with effective inductance 
not exceeding five microhenrys up to 100 kc. ’ 

Secondary standards of capacitance are made with 
mica dielectric impregnated with paraffin; such con 

bekw'o.OOK ™ tem P erature coefficient ; 

01 per cent clnZ ^ C ^‘ and wMi ^ ess than 

id) i i capacitance variation from 500 cycles to i 

100 ke. and phase angles less than one minute Air 

condensers are feasible for the smaller capacitances t 
Secondary standards of inductance must be constant r 

extemal field a“ s 
dktrih f S j ° ai ? e inductance involve considerable 1 
distnbuted capacitance; on this account cores o ^er 
raafioy have been used with considerable succei 

e^tebt^nvS 11 ^ °7.^ ista * ce dial form ffi-' J 
evitablj involve more distributed capacitance f-ha-n „ 

angle primary standard resistances. ? th 

n £he comparison of secondary standards am™ f \ 

primary standards, methods which deSLtf 7 

toZhZZ m t - nnS ° f CirCUit constants are preferable tl 
to those requiring the measurement of cunant^nd 

™'*X' Th « Wte u^d mMt fi 

and the equal ratio ami bridge is tn Kn , llJ 

ever possible. The bridge ciredb if ^ Wher ' 81 
for impedance determinations whm direeVu™* ” 
superposed on the high-frequenev aitJST? 1 1S re 
these bridge methods 


A flutter (telegraph impulse affecting the telephone 
tie frequency inductance of apparatus in the common 
of circuit), transformer ratios, capacitance unbalance, 
attenuation and gain, and cross-talk. (See paper No. 9.) 
a The harmonic components of non-sinusoidal quanti- 
:y ties create difficulties in the measurement of impedance 
e- of circuit-elements of a non-linear nature, where the 
in ratio of instantaneous currents and potentials is not 
i- constant throughout the cycle. Vacuum tubes are 
n nonlinear as to resistance and iron-cored coils at high 
y flux densities are non-linear as to reactance. In a-c. 
;e bridge measurements of such quantities it is found that 
h the measured impedance depends on harmonic factors 
g introduced from the source of supply, the magnitude 
■> tlm resistance in the bridge ratio arms, the ini¬ 
s'' pedances of the detector and of the source of supply 

- to the fundamental frequency and to the possible 
harmonic frequencies, and also upon the method used 
in attaining bridge balance. As for the last item, the 

- measured non-linear impedance may well be different 
, if balanced, in one case, against standards of resistance 

and inductance and, in the other case, balanced ag ains t 
> a non-inductive resistance after establishing resonance 
1 with a standard capacity. 

. ^ 7 tilus °fr en essential to arrange the measuring 
circuit so that the impedance or other quantity mea¬ 
sured shall be characteristic of the non-linear device 
and not of the bridge and supply network. The com¬ 
plicating effect introduced by a non-sinsuoidal im¬ 
pressed potential wave is readily removed by the use of 
a frequency-selective circuit between the source and the 
measuring network. The complicating effect of har¬ 
monicsarising out of the non-linear reaction of the 
e emen under measurement may be suppressed in two 

rf;r 0n 7 a modification of the usual bridge method 
and the otfter, an a-c. potentiometer method. 

• r\ the modl , fied .bridge method, two balanced high- 

1 -l frt 7 I S mth hlgh ' C0U P lin g inserted in the 
fra V atl £ b ” dge arms. The fundamental fluxes neu- 
. e . armonic components of current en- 

sunnreLS 6 ® anes ; aidi ng impedance and are effectually 
harmnn ed " In the a ' c ' Potentiometer method the 
S T T SUPPressed by a fifrer of low impedance 
mon - ™ dameata and hlgh impedance to the har- 
mod!fiLtr Pe , m the non - linear element. Further 
non linear° n \ mak + possible the determination of the 
supnresriL C t7 ra f enStlCS ° f the element without 
NoNOj 8 the harmonic curren t flow. (See paper 

that the l ranS r SSi0n ° f speech i1; is n ot only essential 
state eondip U1 prescribed reactions to steady 

SLTons r b f alS ° that * certain other 

mph is LTe° n 7 a f ient conditions. The oscillo- 
w^es l oi a t qU f 6 7 the anaIysis of the couple 

repeater 11 1 for exam Ple, the multi-channel 
other means 7 . carrier telephone systems and 

tortTon bTl^r a fl n yS1Shad tobe demised. Anydis- 
P i ers or circuit elements results in the 
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>pment of new frequencies that are multiples of 
unponents of the impressed wave or are algehraic 
nations of those components; these extraneous 
>nents may call for detection and measurement 
their amplitude is even as low as 0.1 per cent or 
f the true signal components. The heterodyne 
nethod is found useful in such detection and 
rement; by a d-c. indicator in the plate circuit 
ased grid tube the amplitude of the d-c. compo- 
5 directly determined. The same indicator will by 
'ely slow periodic change in deflection show by a 
method the presence of a minute component of a 
liar difference-frequency when the oscillator 
ncy is brought close to the frequency of the com- 
The method does not lend itself readily to a 
tative determination however, 
itically all analyzers for waves of small amplitude 
edifications of the elementary form in which a 
ve circuit couples a vacuum tube amplifier to the 
under investigation. Whether the voltage drop 
L or C be chosen for application to the grid 
detector depends upon the frequency of the corn¬ 
's sought; L for low, and C for high frequencies, 
rocedure is tedious and long if a wide range of 
ncies are sought and there has been developed a 
for automatically tuning over the desired 
and automatically recording the amplitudes of 
s-ed components. Means are also available for 
ling the variation of a single component of a 
sx wave as conditions affecting it are varied; 
.Hired selectivity is attained by employing several 
ers in tandem. 

more exacting requirements even the above 
I is inadequate and for such cases a heterodyne 
er has "been developed; thereby th§ frequency 
;o be examined is translated to a lower position 
frequency scale with the advantage of greater 
ual separation between components. (See paper 
). 

rMENTS FOR MODERATELY HIGH FREQUENCIES 
acuum tube voltmeter has been developed in 
the plate impedance forms one arm of a Wheat- 
bridge. With zero voltage impressed upon the 
ament circuit of the tube the bridge is initially 
3d by means of an adjustable resistance, the 
indicator then reading zero. When an unkn own 
* either alternating or direct is then impressed 
he grid-filament the plate-impedance changes, 
le bridge balance is disturbed; the resulting 
on of the bridge indicator is a direct indication, 
ppropriate calibration, of the voltage impressed 
?rid filament. (See paper No. 12). 
issor Bedell describes a method for producing 
ary curves on the screen of a cathode ray oscillo- 
md establishing a linear time axis which involves 
of an auxiliary circuit consisting of a source of 
it voltage, a neon gas-filled lampandanelectron- 
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tube arranged in the general form of a bridge. The 
voltage across a portion of this circuit, which varies 
directly with time, is connected across one pair of de¬ 
flecting plates of the oscillograph tube and in this way 
establishes a linear time axis. By means of a motor- 
driven distributor, the other pair of deflecting plates is 
connected first to one part of a circuit and then to 
another, thus making it possible to study several 
phenomena simultaneously. (See paper No. 13). 

The employment of very low frequencies (say three 
or four cycles per second) involves in some respects as 
much difficulty as the higher frequencies. The problem 
of locating opens in telephone cable conductors involves 
the determination of impedances; a study has been 
made of the degree of»accuracy and sensitivity obtain¬ 
able in impedance measurement with different fre¬ 
quencies of supply voltage. For long cables the input 
impedance is a hyperbolic rather than linear function 
of the characteristic impedance; the error in impedance 
measurement arising from this functional departure 
proves to be least for the lower frequencies. On the 
other hand, the bridge sensitivity is improved by some¬ 
what higher frequencies. A thorough mathematical 
and experimental analysis of the sensitivity of im¬ 
pedance measurement of cable fault locations up to70mi., 
by means of a de Sauty bridge, indicates the desirability 
of using frequencies of the order of four cycles. The 
sensitivity is further increased by controlling the phase 
of the field excitation of the bridge galvanometer. 
Use of such low frequencies as four cycles per second is 
not common and the generating apparatus, bridge, 
detector, and graphical treatment of errors and sensi¬ 
tivity of measurement of impedances at this frequency 
are of interest in a. report on measurements under 
other than power frequencies. (See paper No. 14). 

The telephone receiver, due to its simplicity, sensitiv¬ 
ity and convenience, has been widely used for determine 
ing a-c. bridge balance and under favorable conditions 
is -quite satisfactory. The aural method, however, 
involving as it does the receiver associated with the 
ear, has two serious limitations; first, it can be used 
only where there is very little extraneous noise and 
second, the frequency range for best operation is re¬ 
stricted to a band of, say, from 200 to 2000 cycles unless 
a heterodyne scheme is adopted. 

A visual method has been devised using a d-c. 
microammeter in the plate circuit of an electron tube 
rectifier, associated with one or more stages of amplifica¬ 
tion, which gives maximum reading for a state'of bal¬ 
ance, thereby permitting the use of a sensitive meter 
and at the same time making it fool proof. A large 
bridge unbalance reduces the deflection to nearly zero 
and as balance is approached it increases. No change in 
reading on short-circuiting the indicator terminals of 
the bridge, which would correspond to zero voltage, 
shows definitely a perfect balance. This method not 
only completely overcomes the limitations of the aural 
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. method, but also renders a quantitative determination 
of the degre&of unbalance. (See paper No. 15). 
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Electrical Reproduction from Phonograph 

Records 

BY EDWARD W. KELLOGG 1 
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nopsis . —A new a$d improved tool generally means new or 
>ved accomplishments. Great improvements in sound record- 
nd reproduction have been made possible by the thermionic 
fier. * 

ctrical reproduction may be considered in three steps , (j f) 
ition of a voltage by the vibrations of the needle , (2) amplifier - 
(S) conversion of electrical power into sound. The first 
se steps involves some interesting mechanical and electrical 
ms, and it is with these that the paper primarily deals, the 
ms of amplification and loud speaker design having been 
sed in earlier publications to which references are given. 


Several types of phonograph “pick up” are possible; electrostatic , 
piezoelectric , electromagnetic , and variable resistance or microphonic. 
The ^ electromagnetic principle is used in the device now manu¬ 
factured. Since the moving armature cannot be actually at the 
needle tip , the little generator must function by transmitting the 
vibrations from the needle tip through a more or less flexible structure 
to the armature. Vibrations are inevitably transmitted , but when 
the requirements of freedom from appreciable distortion and maxi¬ 
mum possible output are added , extreme care in design becomes 
necessary. An analysis is given of the mechanical behavior of the 
present model of reproducer. 


ANY interesting improvements have been ma de 
_ recently in methods for recording and reproduc¬ 
ing sound, which have resulted in truer and more 
ing reproduction. Tl^ese have involved the use of 
deal means in recording, while both electrical and 
t or mechanical systems are being used with good 
;s for reproduction. A discussion of some of the 
ems arising in an electrical system of reproduction, 
3 warranted in view of the widespread interest in 
questions and of the fundamental nature of some 
j mechanical problems involved. 

■chanical and Electrical Systems Compared. The 
ent advantage of electrical method of phonographic 
ding and reproduction, as compared with the older 
; methods, lies in the fact that the electrical 
ods can make use of amplifiers. In the old 
m of recording; the cutting tool was mec hani - 
connec'ted to a diaphragm which |?as actuated 
rand waves. The power available to give the 
sary vibrations to the tool was thus limited to 
could be collected from the original sound. In 
ise of electrical recording the power for vibrating 
>ol may be made as great as needed. This does 
ecessarily mean louder records or greater ampli- 
of vibrations. In acoustic apparatus extreme 
ivity is generally purchased at the expense of 
y. In order to get sufficient amplitudes of cutting 
Lbration, a horn was used to concentrate the sound 
and a resonant diaphragm was employed. Both 
sse introduce distortion. In electrical recording, 
id pick up or transmitter without a horn is used, 
ctrical output is small, but can be amplified with- 
ppreciable distortion, and relatively large forees 
i applied magnetically to the cutting tool, which 
now be heavily damped, thereby reducing its 

.eetrieal Engineer, Research Laboratory, General Electric 
henectady, N. Y. 

mted at the Summer Convention of the A. I. E. E. t 
Mich., June 20-24,1927. 


tendency to respond more to certain frequencies in the 
musical scale than to others. 

When we come to the problem of reproduction from 
the record, the possibility of amplification does not give 
so great an advantage to the electrical system, as in 
the recording, because the reproducing needle, unlike 
the sound wav^s with which we started, can deliver 
considerable jfwer, or apply large forces to the object 
which it is required to vibrate. This power at the re¬ 
producing needle is, of course, derived from the rotation 
of the record. In fact, cutting a record and then play¬ 
ing it may be regarded as a method of power amplifica¬ 
tion. In the old method of cutting and reproduction 
the power output in sound from the phonograph is 
normally many times the power collected by the horn 
used in recording. 

Both the mechanical and electrical systems can be So 
designed as to give a very high order of quality in re¬ 
production. The advantage of the mechanical system 
is its simplicity. The advantages of the electrical 
system are its flexibility, ease of adjusting loudness, 
and the possibility of obtaining greater volume of sound, 
where this is desired and the apparatus is designed 
accordingly. 

Electrical reproduction may be considered in three 
steps, (1) the vibration of the needle must be made to 
generate a voltage whose wave form corresponds to the 
wave in the groove, (2) this voltage is amplified, and 
(3) an electrical loud speaker converts electrical power 
back into sound. The design of amplifiers and lqud 
speakers has been discussed in earlier papers 2 . The 
present paper will, therefore, deal principally<*with the 
device in which the vibration of the needle generates 
the voltage which is to be supplied to the amplifier. 

2 . Design of Non-Distorting Power Amplifiers, Edward W.* 
Kellogg, A. I. E. E. Trans., Vol. 44, 1925, p. 302. 

A New Type of Hornless Loud Speaker, by Chester W. Rice 
and Edward W. Kellogg, A. I. E.E., Trans. Vol. 44,1925, p. 461. 

See also bibliography on amplifiers and loud speakers at end 
of paper. 
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Possible Types op Reproducer 
The same principles by which diaphragm vibrations 
in a transmitter are made to produce voice currents, 
may be applied to ^ the case of the phonograph repro¬ 
ducer. Many types of transmitters have been used, 
among which are the magnetophone (Bellas first trans¬ 
mitter . as well as receiver) the variable resistance 
transmitter such as in general use in telephony,.tlfe 
condenser transmitter 3 which is used in broadcasting 
stations, and a transmitter making use of a piezo- 
electric 4 crystal. These transmitters may be classified 
as of two types: (1) those in which the output voltage 
is proportional to the deflection, and (2) those in which 
the output voltage depends on the velocity of diaphragm 
movement. The carbon microphone, condenser and 
piezoelectric transmitters as generally used are of the 
first type, while the magnetophone belongs to the 
second or velocity type. The condenser transmitter, 
for example, is kept charged through a very high 
resistance so that the charge upon the plates cannot 
change appreciably during an audio cycle. The voltage 
across the condenser then varies inversely as the 
capacity, or directly as the plate spacing. The voltage 
thus obtained which is applied to .the grH of an amplifier 
tube is proportional to diaphragm deflection, indepen¬ 
dent of frequency except for frequencies so low 
that the condenser reactance is considerable compared 
with the leak resistance (for practical purposes we may 
say equal to the leak resistance). The same con¬ 
siderations apply to the piezoelectric crystal which may 
be regarded as a condenser of constant capacity but 
variable charge, the charge depending on the mechanical 
fprce applied to the crystal. On the other hand, both 
the condenser transmitter and the piezoelectric crystal 
may be made to act as velocity devices by using leaks 
whose resistance is low compared with the capacity 
reactance of the condenser throughout the essential 
frequency range. In this case the charge flows freely 
back and forth through the resistance, and the current 
(or voltage across the leak resistance) is proportional 
to the rate of change of charge which in turn is pro¬ 
portional to the diaphragm velocity. The magnetic 
transmitter works on the principle of changing the mag¬ 
netic flux through a coil. Its open circuit voltage is 
proportional to the rate of change of the flux, and this 
again depends on velocity of movement. In terms of 
sine waves, the deflection devices (type No. 1) give a 
voltage proportional to ampl tude independent of 
frequency, while the velocity devices (type No 2) 
give a voltage proportional to amplitude multiplied by 


3. See papers on the Condenser Transmitter by E. C. Wente 
Phys. Rev., X-l, p. 39 XI, p. 450 XIX. 

4. H. and , P ; Curie , Com v t. Rend,., 91, pages 294 and 383,1880. 

iTn 6 Plez °- eIeetrie Activity of Rochelle Salt,” 
Phys. Rev., Vol. 19, p. 478,1922. 

R^h^f C ^'r^ e ° h0 f’ Tke Piezoelectric Effect in the Composite 
RocheUe Salt Crystal, A . I. E. E„ Trans., Vol. 37,1919, p. 1315. 
W. G. Cady, I.R.E., Apr. 1922. 


Which of these types of device should we choose for a 
phonograph reproducer? If the system by which the 
record is cut is so designed that the deflection of the 
cutting point is proportional to the original sound wave 
pressure, then a deflection type reproducer is required. 
If the record is cut by a tool vfchose instantaneous 
velocity is proportional to the soufld wave pressure, we 
shall require a velocity type reproducer. Both systems 
are equally correct froril the standpoint that if their 
conditions are complied with, distortionless repro¬ 
duction will result. The choice can, therefore, rest on 
such considerations as scratch noise ratio, wearing 
qualities of record, interchangeability of records, and 
designing a practical device which performs in ac¬ 
cordance with the theoretical requirements. By inter¬ 
changeability of records is meant that it is desirable 
that the electrical reproducing system shall not only 
give good results with records that are especially cut for 
it, but so far as possible give pleasing results with 
records cut by the old process, and the records which are 
correctly cut for electrical .reproduction should sound 
well when played on a horn type machine.' This 
requirement is most nearly met by the velocity system 
of cutting and reproducing. When a diaphragm is 
placed at the end of a long pipe it produces sound wave 
pressures in the pipe proportional to the diaphragm 
velocity. If, instead of a pipe, the diaphragm works 
into a horn of the usual (approximately exponential) 
shape, the same relation holds, very nearly, over most 
of the frequency range, the difference being that below 
a certain frequency the sound radiation from the horn 
drops to almost nothing 5 . If the needle motion is 
properly imparted to the diaphragm, a phonograph of 
the horn type may be regarded as a device giving output 
sound pressiye proportional to needle velocity, except 
that its response is limited to frequencies above a certain 
value. In some of the new designs employing long 
slowly expanding horns, the range of response has been 
greatly extended in the direction of response to lower 
tones, this change plus the reduction of resonances in 
the system makes of the horn phonograph a machine 
which holds very closely to the relation—output sound 
pressure proportional to needle velocity. It is, there¬ 
fore, clear that if the electrical reproducing system 
is to be such that records may be satisfactorily inter¬ 
changed, it must work on the velocity principle. It 
is not apparent that in respect to wear of records and 
scratch ratio a system in which output depended on 
deflection rather than velocity would have any ad¬ 
vantages to offset the disadvantage of not having the 
records interchangeable. 

Of the possible devices giving voltage proportional 
to needle velocity, the magnetic and the piezoelectric 

5. Function and Design of Horns for Loud Speakers, by C. R. 
Hanna and J. Slepian, A. I. E. E., Trans. Vol. 43, 1924, p 393. 

The Performance and Theory of Loud Speaker Homs, by 
A. N. Goldsmith and John P. Minton, I. R. E. Proceedings 
Aug. 1925. 
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°tla been proved practicable, and the condenser 
nestionably a possibility. A very satisfactory 
employing a piezoelectric crystal was worked out 
• Chester W. Rice of the General Electric Com- 
The magnetic reproducer gave substantially 
ne results, and was chosen on account of ma nu- 
ag considerations. It is the mechanical problems 
sd. in. the design of this device which are of especial 
b * 

* 

agnetic Reproducing Device or Phonograph 
Pick-Up 

1 shows in outline several possible forms of 
-ie reproducer for use with records having later- 
it grooves (as distinguished from grooves of 



—Several Possible Types of Magnetic Phonograph 
Pick-Up 

> dLopth)„ In each of these a movement of the 
causes a change in the flux through the coil or 
aid the voltage induced depends on the rate at 
his fhix changes, or on the velocity of movement 
Iron armature. If there are no short-circuited 
f the winding is electrically unloaded, and if the 
irts are of low reluctance at all frequencies 
eel with, the air-gaps, the faithfulness of repro- 
dLex>ends entirely on the similarity of motion 
airxnature and needle point. If the structures 

d.d tins similarity would be perfect and distortion 
>e mi¬ 
ll ttle power is absorbed by the moving iron 
re, f or the winding is virtually unloaded, and 
the winding were loaded through a resistance, 
er absorption would not be sufficient to produce 
There is, however, considerable stiff- 
the Counting of the armature, necessary to 
e magnetic pull. 


The mechanical problem may then be stated as 
follows: Given a certain movement of the*needle tip, a 
motion of identical form must be imparted to a small 
magnetic element at an appreciable distance from the 
needle tip, displacement of the magnetic element from 
its main position being resisted by a spring or its equiv¬ 
alent. There are three types of structure by which 


BERING 



Fif. 2 Essential Features of a Magnetic Pick-Up 

the vibratory motion might be transmitted and the 
requirement of identical wave form be fulfilled: (1) 
A rigid structure (2) a spring potentiometer (3) a filter 
type or wave transmission structure. Fig. 2 shows a 
magnetic reproducing device or pick-up in schematic 
form. The only way in which the motion of the end T 
can differ in wave form from that at N is by bending of 
the lever or give at the pivot. In other words, making 
the system rigid will prevent distortion. But freedom 
from distortion is also compatible with flexibility in the 
lever and needle. If the needle point is pushed to one 
side of its normal position the yield is partly in the lever 
and partly in the spring S, the amount of motion at T 
depending on the relative stiffness of the.two. I have 
called this a “spring potentiometer,” by analogy with 
the electrical potentiometer. If two springs are con¬ 
nected in series as indicated in Fig. 3 the motion of the 
junction point T is a certain fraction of the motion at A"; 
The'ratio is only constant, however, if mass plays no 
appreciable part. If a mass is located at T the motion 

APPL/ED 
SMALL LARGE 



Fig. 3—Spring Potentiometer 


of the point T will be practically the same as though 
there were no mass .present, provided the Natural 
frequency determined by the mass in conjunction with, 
the two springs is well above the highest frequency 
applied at N. The third type of structure by which the * 
motion at N can be accurately reproduced at T is one 
in which both flexibility and mass are distributed. 
The distribution need not necessarily be uniform but 
the masses and flexible elements must have certain 
relations which depend on the range of frequencies to 
be transmitted. In this case there is definite wave motion 
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• an< ^ Progressive phase differences between the motions 
of the successive parts of the structure. Because the 
masses and flexible elements are lumped rather than 
uniformly distributed, the wave motion structure has 
the properties of a'filter, and has been called the “filter 
type structure”’ by Messrs. Maxfield and Harrison in 
their discussion of recording and direct or mechanical 
phonograph reproduction 6 . If the distance through 
which it is desired to transmit acoustic vibrations*is of 
the order of several inches it becomes practically im¬ 
possible to construct a rigid mechanical transmission, 
or one in whi ch mass plays negligible part. Wave 
motion becomes inevitable, and to secure distortionless 
transmission it is necessary to so design the system that 
the waves will not be reflected. .This means a proper 
proportioning of the mass and flexibility of each part, 
and the final absorption of the wave energy in a mechan¬ 
ical resistance of the correct value. If these conditions 
are met there is practically no limit to the distance to 
which the vibrations may be accurately transmitted. 
In'the case of mechanical reproduction from a laterally 
cut phonograph record the necessary distance from 
needle point to diaphragm is too great for a truly rigid 
connection, while the mechanical resistance necessary 
for proper wave transmission is obtainable from the 
reaction of air on the diaphragm. The wave or filter 
system was, therefore, the logical choice. 

For the electromagnetic reproducer on the other hand 
there appeared to be a possibility of making the distance 
short enough and the parts light enough so that a good 
approximation to a rigid structure could be obtained. 
If this should prove possible, the design would be much 
simplified, the required exactness of duplication would 
be reduced and the necessity of obtaining a pure 
mechanical resistance would be avoided. 

In considering the design of a magnetic reproducer 
it is necessary to choose between several possible types, 
such as moving-coil as against moving-magnetic arma¬ 
ture, center-pivoted or full rocker as against end- 
pivoted or half rocker, windings on poles as against 
winding on armature. Several of these possible 
types are illustrated in Fig. 4. 

The moving coil arrangement involves a long air-gap 
and, *therefore, a heavy field magnet. Moreover the 
mass of the coil is objectionably large. Devices with 
iron armatures which move toward and away from the 
pples of a magnet have better possibility of producing a 
large change of flux interlinkage with a small movement 
of a small mass. 

^Again, there is decided choice between the various 
magnetic armature arrangements. In the first place 
it is better to place the windings around the armature 
than around the poles for much of the flux change in the 
armature involves only a slight shift of the flux from the 
pole pieces and does not cut all the turns of a coil wound 


on the pole. Hence we may limit our choice to column 
III. _ 

Next is the question of single acting vs. double acting 
or push pull” arrangements. Comparing k with j 
of Fig. 4, for example, we may say that adding the 
two poles on the left hand side «f the armature has 
doubled the magnetic effect which results from a given 
motion .of the armature, for there are just twice as 
many air-gaps whose reluctance is varied. Moreover, 
by placing opposite poles on the two sides we have 
reduced the steady flux which the armature has to carry, 
leaving only the residual or alternating flux. Hence 
the armature may actually be lighter in k than in j. 
Again, the rocker type armature has an advantage over 
the translation type armature in which both ends move 
in the same direction. It is only the motion of the ends 
of the armature opposite the poles which is effective to 
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Fig. 4 Magnetic Systems Available fob Reproducing 

Devices 


High Quality Recording and Reproducing of Music and 
Speech. J. P. Maxfield amd H. C. Harrison, A. I. E. E., Feb. 
1926, Bell System Tech. Jour., July, 1926. 


produce flux change. In the translation type all parts 
of the armature move equally, whereas in the rocker 
type, the middle has only slight motion for a given 
motion at the ends. 

We have now reduced the choice to the half rocker as 
compared with the full rocker. The middle of the 
armature of the full rocker is a point of constant mag¬ 
netic potential. If we imagine the armature cut in two 
and only the upper end moved, we should still get as 
much flux change through the upper end of the armature 
as we did in the full rocker, provided we could keep the 
lower end of the moving portion at constant magnetic 
potential. In other words, we might say that in the 
full rocker type the motion of the upper half gives rise 
to the flux change and that the motion of the lower end 
is required to keep the middle at constant magnetic 
potential.. In the half rocker the pivot end of the arma¬ 
ture can be kept at nearly constant magnetic potential 







1 


m 


ELECTRICAL REPRODUCTION FROM PHONOGRAPH RECORDS _ 1041 


‘"the air-gaps qt this end 
e gaps at the moving end. 
e of the gaps at the pivot 
moving end gaps the flux 
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lhave one-fourth the re¬ 
maps, the flux variation in 
iths as much as in the full 
gible magnetic potential 
nd pole pieces, compared 
It appears then that the 
.y at great disadvantage 
■ from the magnetic stand- 
; it lends itself better to 
ssign requirements. The 
.gnetic systems does not 
fc>le power output of the 
f rjess required to hold the 
n. allowed to weigh in the 
liolly from the standpoint 
en-circuit voltage with the 
mioving parts, 
magnetic reproducer shall 
size already in use. This 
ing screw must be within 
The screw is a potential 
s it adds mass to the mov- 
,use it has its own natural 
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c Eick-Up as Manufactured 

*eacts on the motion of the 
n anti resonance and a 
■very short and stiff its 
gfi enough to avoid detri- 
n may then be to make it 
e types of device shown 
>rt stiff screw. In designs 
ie set screw was accessible 


but these devices were found to depart too far from rigid 
structures, and high-frequency resonances resulted n 
with almost complete loss of the frequencies above 
the resonance. In the type of reproducer shown in 
Fig. lc the set screw is difficult to reach owing to the 
presence of the coil and pole pieces* Alternatives 
to the set screw were considered, but a more satisfactory 
solution appeared to be the location of the screw in the 
axis of rotation. In this position it can be made as long 
as desired and no effect of screw resonance has been 



Fig. 6—Magnetic Phonograph Reproducer and Parts 

observed. « Plaffng the screw in the axis of rotation 
practically necessitates the half rocker rather than the 
full rocker construction, since the length of standard 
needles is such that the armature cannot extend far 
enough below the set screw to afford room for a coil and 
pole pieces. 

Fig. 5 and 6 show the construction of a successful 
design of magnetic reproducer of the half rocker type. 
The armature is designed to have the smallest possible 
moment of inertia consistent with an adequate magnetic 
section and moderately large amplitude of movement 
of the upper end. In order that the axis of rotation may 
coincide with the screw and pivot axis at all frequencies, 
the armature is designed to have the center of gravity 
of.the armature and needle coincide approximately with 
the pivot. The method of pivoting is unusual. In order 
that rotation might take place about the screw axis a 
journal type of bearing was desired, but all rubbing 
friction must be avoided in acoustic devices if distortion 
is to be obviated. Hence instead of having the. shaft 
rotate within a journal with sliding friction, a film 
of rubber is interposed. This permits small rotation 
in either direction without friction but with a slight 
energy loss, more nearly resembling viscous dampirfg, • 
which is desirable. Objection might be made that such 
a pivoting system would permit translation as well as 
rotation. The objection may be answered in two ways. 

In the first place the yield of a sheet of rubber to direct 
compression is very slight. Rubber yields very readily " 
in shear, and this permits rotation. It also yields 
easily in compression when it can expand freely in a 
lateral direction, but when, a thin sheet of rubber 
completely fills the space between two surfaces whose 
dimensions are large compared with the thickness of the 
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leral damping does not play an important part 
near the resonant frequency. The inertia 
; a minor factor when the frequency is well 
aat at which resonance occurs, so that in the 
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irt of the frequency range the ratio —j— ap¬ 


proximates the constant value shown in equation (14). 
The construction of a reproducer in which distortion is 
reduced to a negligible quantity, therefore depends on 
making the resonance occur at a frequency so high that 
the most important part of the acoustic range is in¬ 
cluded below the resonance. It is furthermore neces¬ 
sary that there be sufficient damping so that the 
response at the resonance frequency is not excessive. 
It is to be noted that the resonance frequency is de¬ 
termined by the inertia of the armature and the restor¬ 
ing force not of the spring or cushions alone, but the 
combined stiffness of the springs and the needle. The 
natural frequency of the armature with the needle 
free has practically nothing to do with the response 
characteristic of the reproducer. The resonance cor¬ 
responds to the natural frequency of the armature when 
the needle tip is held stationary. The action at 
resonance might be described as a whipping, such that a 
small movement at the needle tip causes large motion of 
the armature. Below resonance we may regard the 
vibrations as entirely forced by the cut in there cord 
both as to amplitude and frequency. 

To obtain a high resonance frequency, the first 
requisite is to make the moment of inertia of the 
armature small / 7 At the same time the moving end of 
the armature must be far enough from the center of rota¬ 
tion to vibrate with considerable amplitude, and from 
the standpoint of magnetic design the cross-section 
of the armature must be sufficient to have low reluctance 
and to avoid any possibility of saturation. In practise 
it was found that the last mentioned conditions were 
met when the armature was made heavy enough for 
mechanical sturdiness and long enough to provide 
reasonable winding space. Special care has been 
taken to minimize the mass of those parts of the arma¬ 
ture which have greatest motion, metal which is close 
to the axis of rotation having little influence on the 
moment of inertia. 

oThe second requisite for high natural frequency is 
stiffness either in the spring or the needle or both. 
Reference to equation (14) which throughout most of 
the frequency range is a measure of the response, shows 
that if we increase the spring stiffness s, we decrease the 
sensitivity, while increasing n, the needle stiffness 
increases sensitivity up to a certain limit. It might 
seem, therefore, that the stiffest needle obtainable 
should be used, and the spring stiffness should be only 
what is required to hold the armature in neutral 
position. But the effect, on sensitivity is sjnall so 

♦ s m Z ■ 

long as the fraction —pis small compared with —-, 

and damping is best when a "soft”’ needle is used, 
for the following reason. The needle is a highly 
resilient spring, whereas the spring S which in the 
present design consists in a pair of rubber plugs, has 
a large damping factor. In fact the damping R , 
and stiffness s, go together. With a given value of s 
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and R, the stiffer the needle the greater the resonance 
response, as shown in equation (15). Hence we work 
with the largest ratio of cushion stiffness to needle 
stiffness which we can use without serious loss of 
sensitivity. A factor which helps make it possible to 
get the desired „damping without excessive stiffness at s, 
is the presence of the magnet, which tends to pull the 
armature away from neutral position and thereby 
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Fig. 8—Calculated Characteristics op Magnetic 
Reproducer 

reduces the net stiffness to considerably less than the 
value it has when the magnet is removed.^ 

Measurements on a sample magnetic reproducer gave 
the following values of the principal constants. 

Mass of armature with Victor medium needle 1.9 
grams. 

Moment of inertia of armature and needle I = 0.28 
gm. cm. 2 

Length, center of rotation to moving end of armature, 
to = 1.1 cm. . 

Length, center of rotation to tip of needle (Victor 
medium) l = 1.5 cm. 

Stiffness of armature mounting (assumed concen¬ 
trated at end) s = 70,000,000 dynes per cm. 

Same with magnet removed. 90,000,000 dynes 
per cm. * 

Stiffness of needle (Victor medium, clamped for 
% in.) n = 86,000,000 dynes per cm. 

Damping factor as calculated from observed increase 
in response at resonance, R = 3720 dynes per cm. 
per sec. 

Fig. 8 shows characteristics calculated from the 
above constants. It will be noticed that the required 
driving force at the needle tip has a minimum value at 
2800 cycles. This , is the natural frequency of the 
armature when the needle is free. It is also to be 
observed that the armature resonance at 5000* cycles 
is accompanied by an increase in the force reaction. 

* Hence damping to keep down the resonance not only 
improves the response characteristic, but reduces the 
wear on the record. 

Fig. 9 shows response curves of several factory 
samples of reproducers, taken by means of an oscillo¬ 
graph. The oscillograph vibrator is supplied from the 


output stage of a resistance coupled amplifier. The 
film is run slowly and the width of the envelope of the 
vibrat'ons is a measure of the voltage applied by the 
reproducer to the grid of the first tube. The record 
used for this test is one cut by a special process so as to 
give an amplitude of cut varying inversely as the fre¬ 
quency. In other words a constant velocity cut is 
used. The approximate frequencies are indicated on 
each fi’m. A slight increase in voltage is noticed toward 
the upper end of the frequency scale, followed by a drop 
to almost zero, for in all cases the output falls off very 

rapidly above the resonance frequency. 

Scratch Control Circuit. Any exaggeration of the 
high frequencies produces a disagreeable increase in 
“surface noise” or “scratch.” It has appeared de¬ 
sirable in fact to partially suppress the higher fre¬ 
quencies in order to reduce scratch. This has been 
accomplished by connecting a coil' and condenser in 
series across the reproducer winding. 7 This shunt 
circuit tunes at about 4500 cycles but has a decided 
effect at 3500 cycles and above. The width of the 
frequency band affected may be controlled by varying 
the ratio of capacity to inductance, while the degree of 
suppression for the frequency at which the reactance is 
minim um , is determined by the resistance of the coil. 
The suppression of high frequencies is at the cost of 
some articulation in speech but on the whole gives a 
more pleasing result, particularly with musical numbers. 



Fig. 9—Relation Between Voltage and Frequency for 
Magnetic Reproducers 


Tone Arm Vibrations. The foregoing analysis of 
the action of the reproducer is based on the assump¬ 
tion that the device as a whole remains stationary 
with respect to the axis of the groove in the record. 
This condition, however, does not necessarily ob¬ 
tain. The net stiffness at the needle tip which is 
l/(Z 2 /m 2 s + 1/m) is sufficient to resonate with the mass 
of the entire reproducer at a frequency of the order of 
150 cycles. Since the reproducer is fairly rigidly 
mounted on the tone arm, the inertia, flexibility, and 

7. The “'scratch control” circuit which is being used was a 
contribution of Mr. Julius Weinberger of the Technical and Test 
Department of the Radio Corporation of America. He also 
built the first magnetic reproducer of the bottom-pivoted half 
rocker type. This model which showed excellent characteristics, 
served as the basis for the design described in this paper. 




















Oet. 1927 


STANDARDS 


1049 


mechanical damping in the latter play a part in this 
type of resonance. Flimsy construction of the tone 
arm or its mounting gives rise to an irregularity in the 
response at low frequency, which while not an extreme 
resonance nor especially noticable in listening is 
nevertheless a defeat. Rigid construction and es¬ 
pecially some energy loss at the pivot on which the arm 
swings, appear to be a practically complete cure for low 
frequency resonance of the type just described, and with 
such a satisfactory carriage the response becomes 
practically uniform from below 100 cycles to above 
4000 cycles. 
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consideration. A complete list of Standards adopted 
and in preparation is given below as an appendix to 
this report. 

. The revised form of the Standards has justified itself 
m the ease with which revisions may be made in the 
published sections. The sections are published in 
comparatively small editions, and revisions are readily 
made and a new edition printed without much expense 
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or difficulty. Several of the Standards have been 
revised in this way. Monthly lists of the Standards 
available arS published in the Journal of the Institute. 

The Standards Committee is charged with the coordi¬ 
nation of all the standardization activities of the Insti¬ 
tute. The Committee has made recommendation to 
the President and Board of Directors upon all cases of 
representation of the Institute upon Sectional Commit¬ 
tees working in accordance with the procedure of the 
American Engineering Standards Committee; upon 
acceptance of and requests for sponsorship by the 
Institute; and has cooperated very closely with the 
United States Committee of the International Electro¬ 
technical Commission. The cooperation of the com¬ 
mittee with the technical committees is being made 
closer and more effective. The chairman of each 
technical committee, or a member of the committee 
designated by the chairman, is a member of the Stand¬ 
ards Committee. Several of the Standards have been 
formulated by technical committees and accepted by 
the Standards Committee, and in other cases subcom¬ 
mittees of technical committees have been made the 
working committee on specific standardization projects. 

By direction of the Board, certaffi Standards have 
been translated into the Spanish language under the 
very able supervision of Past President Mailloux. The 
translation of 19 of the standards has been completed 
and 13 have been published by the Bureau of Foreign 
and Domestic Commerce of the U. S. Department of 
Commerce. By July 1, it is expected that all of the 
translated sections will be in print. The Spanish 
edition is printed in the same style and in the same size 
as the English edition. The translation has been 
received with interest by engineers in Spanish-speaking 
countries of South America. The Institute is very 
much indebted to the Bureau of Foreign and Domestic 
^Commerce for the excellent manner in which the Span¬ 
ish text has been published, and for the fine cooperation 
that exists between the Bureau and the Standards 
Committee. American electrical manufacturers will 
no doubt find this Spanish edition of considerable value 
in business relationships in Spanish-speaking countries. 

The committee has cooperated to the fullest extent 
with"the American Engineering Standards Committee, 
the International Electrotechnical Commission and the 
Standardization activities of other organizations. In 
the formulation of Institute Standards, the committee 
has endeavored to enlist the fullest cooperation of all 
other organizations interested in electrical standardiza¬ 
tion. Standardization work as now organized in the 
electrical field, is somewhat complex, and there is of 
« necessitya certain amount of unavoidable overlapping. 
It is believed, however, that very good progress is being 
made as represented by the present Standards of the 
Institute. 

Sections of A. I. E. E. Standards 
No. 1 General Principles upon which Temperature 


*8 
- 9 

10 

11 

13 

*14 

*15 

16 

19 

22 

30 

33 

34 
36 

*37 

38 

39 

41 

*42 

*46 


No. 2 
4 

20 

26 

28 

45 


Journal A. I. E. E. 

Limits are Ba'sed in the Rating of Electrical 
* Machinery. 

Standards for Direct-Current Generators and . 
Motors and Direct-Current Commutator 
Machines in General. 

Standards for Alternators, Synchronous 
Motors and Synchronous Machines in 
General. 

Standards for Synchronous Converters. 
Standards for Induction Motors and Induction 
Machines in General. 

Standards for Direct-Current and Alternating- 
Current Fractional Horse Power Motors. 
Standards for Railway Motors. 

Standards for Transformers, Induction Regu¬ 
lators and Reactors. 

Standards for Instrument Transformers. 
Standards for. Industrial Control Apparatus. 
Standards for Railway Control and Mine 
Locomotive Control Apparatus. 

Standards for Oil Circuit Breakers. 

Standards for Disconnecting and Horn Gap 
Switches. 

Standards for Wires and Cables. 

Standards for Electrical Measuring Instru¬ 
ments. 

Standards for Telegraphy and Telephony. 
Standards for Storage Batteries. 

Standards for Illumination. 

Standards for Electric Arc Welding Apparatus. 
Standards for Electric Resistance Welding 
Apparatus. • 

Standards for Insulators. 

Standard Symbols for Electrical Equipment of 
Buildings. 

Standards for Hard Drawn Aluminum 
Conductors. 

Sections in Preparation 
Standard Definitions and Symbols. 

Standards for the Measurement of Test 
Voltages in Dielectric Tests. 

Standards for Air Circuit Breakers. 

Automatic Substations 
Standards for Lightning Arresters. 
Recommended Practise for Electrical Instal¬ 
lations on Shipboard (Marine Rules). 


Now that radio has entered the business of trans¬ 
mitting pictures and messages by the square inch 
instead of by dots and dashes, it is interesting to note 
that within its first year of operation the speed of trans¬ 
mission has been doubled. Whereas last year 40 min¬ 
utes were required for a single photograph of standard 
size, today it can be done commercially in 20 minutes. 
Under laboratory conditions the same accomplishment 
has taken but two minutes. 

*Approved by A. E. S. C. as American Standard. 
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Coupling Capacitors*for Carrier Current 

Applications 


BY T. A. 

Member, 

m S ^ nOPSlS /~ COUVUng ’ i0 high-voltage transmission lines for 
pw poses oj earner-current communication was first universally 
made by means of coupling wires. This type of coupling usually 
required high-power transmitting equipment, but when coupling 
capacitors were substituted it was possible, to reduce the carrier 
input to the line without affecting the received signal strength ' The 
paper gives an approximate method for determining the effectiveness 
of coupling wires and coupling capacitors. No attempt is made at 


E. BELT 1 

A. I. E. E. 

refinements in calculations as it is only desired to show the effect of 

* sfc J, 


Approximate Method for Determining 
Effectiveness of Coupling 

A simple mathematical treatment only is necessary 
to show the effect of stray capacity. From 
,, . ex P® rimen tal data it has been determined that 

. 6 ™Pedance of a sm S le lQ ng transmission line to car¬ 
rier frequencies is of the magnitude of the surge im¬ 
pedance of the line, and that this high-frequency 
impedance acts as a straight ohmic resistance load. 
It has also been shown that ground losses are relatively 
small for interphase coupling. In the following ealeu- 

D -17ft. _ ~ZT Power Conductors 


Conductors 0.5in. 
Diameter 


bpW tr T r e gr0Und plane is assumed to be 40 ft. 
below the coupling wires. For such a coupling-wire 

nstallation, the useful capacity between a 1500-ft 
coupling wire and the power conductor is approximately 

whicS 7 between A B min us the capacity of A C, 

Ci = 0.00205 - 0.00027 pi f. 

The stray capacities A D and A E between the coupling 

* l- C^.Q00Z7Mfd. 



Ci* * 

|j.0O18Mfd. X 
C3=.00027Mfd.< 


;r 0 =5000hms 


- Coupling Wires 


y E • Ground Plane _ 

Fig. 1 Diagramatic Illustration of Coupling-Wire 
Installation , * 

lations, therefore, the carrier-frequency impedance of 
the transmission line will be treated as a resistance and 
the ground resistance will be neglected. 

Fig. 1 is a diagramatic representation of a coupling 
wire installation. It is assumed that the power conduc¬ 
tors are horizontally spaced on 12 ft. centers and the two 
coupling w ires are 10 ft. below the two outside power 

- 1 ' En e ineer > General Electric Co., Schenectady N Y 
Presented at the Pacific Coast Convention of the A I E E 
Del Monte, Calif., Sept. 18-18, 1927 ‘ 


S~ 60000Cycles 

Fig. 2—Equivalent Circuit tor Coupling-Wire 
Installation 

wires and to ground are of the order of 0.0018 uf 
The equivalent circuit of this coupling-wire installation 
is represented m Fig. 2. 

Let 

? = Carrier frequency 

= 60,000 cycles. 

E = Applied carrier-frequency potential 
= 100 volts. 

Ci - Stray capacity between coupling wires and 
ground 

= 0.0018 ft f. 

= 1470 ohms at 60,000 cycles. 

Ci = Effective capacity of one coupling wire to the 
power conductor. 

= 0.00027 pi f. 

= 9800 ohms at 60,000 cycles 
C s = Ci 

= 0.00027 pi f. 

= 9800 ohms at 60,000 cycles. 
n = Equivalent high-frequency resistance of the 
transmission line. 

= 500 ohms. 

Z = Impedance using coupling wires. 
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Z 1 = Impedance using coupling capacitors. 
Then for coupling wires (Fig. 2): 

Zi Z 2 

^ Zi + Zac 

Where 

Zi = 0-i 1470 

Z 2 = 500 - j (2 X 9800) = 500 - j 19600 
Then 

Z = 67.4 - j 1360 
. And 

Z = V&TA 2 + 1360 2 
= 1360 ohms. 

Therefore 

E 

1 = Z 


I = 


= uttt; = 0.0737 amperes fed into network 

loDU 


where coupling wires are used. 

With properly designed and installed coupling ca¬ 
pacitors, the stray capacity effects are>Tery r small and 
vary considerably with each particular installation. 
By properly arranged circuits, the capacitance between 
lead-in wires is relatively small. The stray field be¬ 
tween units is also small with proper mechanical 
spacing. Therefore, we will neglect these stray 
capacities for purposes of calculating the current re¬ 
quired using coupling capacitors. 

Fig. 3 represents the equivalent circuitfora coupling- 


Cj*.00027 Mfd. 



C 5 =.00027Mfd. 


r o =500 Ohms 


1=60000 Cycles 


Fig. 3—Equivalent Circuit for Couping-Capacitor 
. Installation 


Hence 


I 1 = 


r 100 

= —-- = 0.0051 amperes fed into network 
19600 

where capacitors are used. 

We will define the effectiveness of coupling as a per 
cent ratio: 

c 

Useful Current 


Y = 


Total Current 


X 100 


0.0051 

Y = 0.0737 X 100 


6.92 per cent for coupling wires. 


■ 0.0051 

^ x 100 


= 100 per cent forcoupling capacitors. 

As previously stated, there is a small stray-capacity 
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Fig. 4—Curves Showing Number op Carrier-Current 
Installations, Using Coupling Wires and Coupling 
Capacitors in the United States 


capacitor installation. In order that the calculations 
may be compared directly with those obtained using 
coupling wires, the same effective coupling to the power 
conductor is assumed as before. 

Thus for coupling capacitors (Fig. 3): 

Z 1 = 500 - j 19600 

Z 1 = V500 2 + lMM* 

= 19600 ohms. 


effect when coupling capacitors are used and, therefore 
the effective coupling is not actually 100 per cent, but 
is believed to lie somewhere between 80 and 100 per 
cent. 

Change in Coupling Practise 
From the relative effectiveness of coupling wires 
and coupling capacitors, it is not surprising that the 
change in practise from coupling wires to capacitors has 
been rapid. Up to the beginning of the year of 1924 
there were no coupling capacitor installations in the 
United States. Fig. 4 shows the number of carrier 
current installations using coupling wires and capaci 
tors. Out of a total of 43 installations at the beginning 
of the year of 1924, all used coupling wires. At the 
end of 1924, there were 11 installations using capacitors 
and 97 using coupling wires. At the close of 1927, 
it is estimated there will be 130 installations using 
coupling capacitors and 1 5 installations using coupling 
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• aj^jLIUATIONS • 10v , 

wzres; and that in the early part of 1928 there will be as ments Th* w 

many earner-current installations using coupling C a- SLf We < ? pacitar ’ ^ 6 ’ «*sists of a short 
pacitors as those using coupling wires. ‘ S tw^ f P a Pf' insul ated oil-filled cable bent into a loon 

Types op Coupling Capacitors brought ut* Ppe ?‘ ofthe ir lead sheaths and 

Four distinct types of coupling capacitors are manu shieIds porcelainthet whetlh^? eIe ? tr0static 

factured m the United States: = are m anu- o 0mm on 

!• Mica attached to the carrier-cnrlf ; ! ? CabIe 1S 

2. Porcelain . The whole structure is filled with vatut-TrTateToii 

3. Oil Filled Cable * \ nd h «ically sealed from the atmosphere so that 

4. Oil Filled Tank T ™™' d ° “>‘ affect i^y w 

P.°. th _^ e “ ica an . d the P°™lain type use low-voltare metallic r. ^.“Pandtog 


m r ? T -F “ ase W-v„, ta ge ^ 

unit construction, that is, the individual units are takes care of ^ d the ca P acit °r which 

fnsL>1Sl7^ eausedbytemperatureTaSr “on „ f the oil 

obtaining the proper voltage and MMdtac. c dof T A a ^section drawing showing the general 

d^enl “gTeS “““ ^rVlfS 

dinerent types of dielectrics, affe tabulated as follows- - + 

at _ f ^g^^r r:::i e :zr ion 

• I | Power-factor I " “ I-----—--- 


Condenser Type insulation 

1 Mica 

2 Porcelain 

3 Oil-filled cable 

-1—_Tank type (oil and barriers^ 


tt:---—- - - 

Power-factor -------- 

Voltage S eO^esZt lmpulse 


110,000 

132,000 

110,000 

110,000 


293,000* 

260,000 


585,000 

284,000 

319,000 

355,000 


800 

300/400 

800 

1000/110Q 


0.97 

0.75/0.99 

1.78 

1-99/2.19 


O. account ot 

filled cable capacitor has a field of appli^ti7for^p°ten- 



Fig. 5 Tank-Capacitor Installation on Southern 
California Edison System 

tials above 66 kv. The oil-filled tank capacitors are 
available for 110-kv., 132-kv., and 220-kv. circuits, 
lhe 100-kv. and 220-kv. sizes have been in service for a 
period of approaching two years on several systems 
throughout the country. Both the Pacific Gas and 
•Electric and Southern California Edison systems are 
equipped with 220-kv. capacitors. 

Cable Capacitors 

_Thecable and tank 2 capacitors, Fig. 5, are new develop- 

P ur P os es of brevity it has been necessary to omit 

amtr on P tl° n + 0f th V ank Capacitor but i4 is Panned to present 
a paper on this type of capacitor at a later date. 



Fig. 6 Cable Coufing Capacitor for 110-Kv. Transmission 

System 

operator will wish to mount the unit outdoor on the 
steel transmission tower, since the weight of the 
capacitor—1000-lb.—permits this, and it may be thus 

placed in a very convenient position at a minimum cost. 
Connection to the line is then simple and direct; the 
unit is far enough up so that no surrounding fence is 













1054 


BELT: COUPLING CAPACITORS FOR CARRIER CURRENT APPLICATIONS 


Journal A. I. E. E, 


required to protect against marauders, and periodic 
examination is not handicapped. 

The voltage of cable-type capacitors is limited only 
by the voltage rating of available cable. Atthepresent 
„ writing, the highest voltage commercial cable is 132 kv., 
but 154-kv. cable is now being built for capacitors of 
this rating, and specifications on 220-kv. cable for a 
proposed 220-kv. cable-type capacitor have been 
prepared. For the time being, it is not contemplated 
that the cable-type capacitor will he developed for 
voltages below 66 kv. because at the lower voltages 
the cost is higher than for some other types of 
capacitors. 

The porcelains used on these units are similar to those 
used for standard oil-filled bushings for power appara¬ 
tus; so that uniformity of practise in this respect is 
preserved. 

At first glance it might appear that cable capacitors 



have considerable inductance due to the loop of cable, 
but a little thought shows that there is no external 
magnetic field if connection to the lead sheath is made 
at the top, for then at every cross-section of the cable 
the current in sheath and conductor is of the same 
magnitude, and the magnetic flux is therefore confined 
' to the space between conductor and sheath. On the 
assumption of a linear distribution of current from the 
terminal to the low point of the cable loop where the 
current is zero, (for reasons of symmetry), the total 
' stored magnetic energy corresponds to an equivalent 
inductance equal to only l/12th that between the 
conductor and sheath of the active length of cable 
employed. This is about 5 X 1(T 9 henry per ft. 

The specially treated paper used in the construction 
of this cable gives it a capacitance of about 73.2 X 10" 16 
/if. per ft. Therefore less than 14 ft. of cable has 
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Fig. 7—Cross-Section of Cable Capacitor 
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the required capacitance of 0.001 M f. for coupling 
purposes. From 75 per cent to 85 per cent of the total 
capacitance is m the external loop of cable for the 0 001 
jjl f. units. x 

tw + t n e n ia ^ aCt ] lr * ° f CabIe ca P acitors it is important 
that the bending of tSe cable be done without wrinkling 

the paper dielectric. For this reason bending forms are 
used for shaping the cable loop. The transition froS 
the several lead sheaths of the cable is effected by 
applymg (on a taper) varnished cambric tape over- 
kid with copper braid until a diameter is reached 
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mLlte r . eSer ™ ir C0Ver ' ,OT WImKtion to 

Vacuum Treatment and Oil Filling 

satisfa a ctoivl° f ! P1P9ratUS ° f this XM tended for 
satistactory operation over an indefinite period of time 

without attention, except for an occasional inspection 

be abLfotelv freT P f° rtanCe ^ itS interi ° r insulati °n 
De absolutely free from moisture and air. For this 

reason hermetically sealed cable capacitors are sub 

Sectta In7 clab ° ra ‘ c; efficient system of factory 
nspection and vacuum treatment. The bushing shell 

asing, and pressure reservoir are individually tested 
mth oil under pressure. During assembly ewy 
precaution is taken to keep the internal parts' clean 

an m ree ^ 0m moistu * e or forei gn material. 

hen the capacitor has been assembled, a connection 


Fig. 8 Internal Construction of Cable Capacitor 

at which a layer of oil may be introduced without 
exceeding the ahowable radial gradient for oil, see 
■V?'. f ‘ At thls diameter a smoothly flared conical 

£ waCrr tte me “ sur,ace * init 

the wall of the casing. The function of this shield is 
to increase the thickness of the oil layer at such a 
gradual ratethat excessive longitudinal stresses are 
avoided When the flare of the shields has opened out 
to a sufficient diameter, the varnished cambric is again 
tapered down.to the surface of the cable paper. A small 
porcelain spacer is inserted to preserve the proper spacing 
and then a double wrapping of varnished cambric tape 
ied ,, to se J v ® both as a mechanical binder and to 
16V ® e radia stress on ^e oil, which increases as the 
ground shield inside the bushing shell is approached 

wh;rp e u S K e tT.f 8 ” 8 iS ° Val Shaped at the bo ttom 
here it bolts to the wiping sleeves, and then gradually 

a I 1 " 016 at the t0p where {t meets the bushing 
' shape and dimensions of this casing have 
considerable influence on the design. The slope of its 
walls must not differ enough from the slope of the insu- 

™ f t0 Cause excessive longitudinal gradients, and 
must have sufficient clearance to prevent excessive 
circumferential stresses. 

It is important that there always be a positive oil 
pressure inside the capacitor, so that no air or moisture 
can enter. For this purpose a pressure reservoir 
actuated by an internal mechanism, keeps the oil under 
a Pressure above that of the atmosphere. The reservoir 
is hlled at the factory in such a manner as to compen- 

destination^ 16 ye&rly tem P erat ure variation at its 

On the end castings of the pressure reservoirs there are 
our small radially projecting guides, which center the 
reservoir inside its sheet-iron cover. This cover has two 
celluloid windows through which the position of the 
reservoir may be observed. A terminal is welded to the 


Fig. 8a—Partially Assembled Cable Capacitor 

t0 ,f vacuum pum P is ma de at the top of the bushing, 
, the pressure reservoir removed. A vacuum of 
g00 to 500 microns 3 absolute pressure is maintained 
unng the treatment, at the end of which the capacitor 
is ready for filling with No. 10-C transil oil at 120 deg. 
cent, which has been kept at that temperature and 
under vacuum for 20 hours previous to the filling of the 
capacitor. This oil must test 30 kv. or better between 
one inch diameter disks spaced 0.1 in. apart. 

During t he entire vacuum treatment the temperature 

3. There are 25,000 microns per inch of mercury. 



; 
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of the cable is maintained at 100 deg. cent, on the outer hours under a pressure head of 5 lb. per sq. in. After 
lead sheath and at about 140 deg. cent, on the conductor cooling, they are disconnected from the oil and vacuum 
by circulating currents in the cable as the secondary of a system and hermetically sealed with their pressure 
transformer. reservoirs. Before sealing, the reservoirs are expanded 


Aiisiurmei. , . , , 

The filled capacitors are allowed to cool for several by oil pressure to the necessary height 


Marine Work 

Annual Report of Committee on Applications to Marine Work* 


To the Board of Directors: 

The committee in making its report this year does so 
with a feeling that its efforts to e raise the standards of 
marine electrical installations and increase the utiliza¬ 
tion of this most efficient, flexible, and safe form of 
energy, appear more assured than at any time before. 

The untiring efforts of the committee as a whole, 
and individually of the members, with the section of the 
industry they represent, have, by the dissemination of 
information, removed to a large extent the opposition 
and indifference to electric drives, which has been due 
to a lack of information, and experience ki the past, 
on the part of the owners and operators.' 

An equally deciding factor, and one for which the 
committee hereby desires to acknowledge its apprecia¬ 
tion, has been the recognition accorded by various 
bodies covering inspection, classification, and insurance; 
viz., United States Government Departments, American 
Bureau of Shipping, National Board of Fire Under¬ 
writers, National Fire Protection Association, and 
similar associations, thus establishing complete 
harmony in the endeavor to increase the usefulness of 
electricity, surrounded by the necessary safeguards. 

Electric drive is not only gaining headway in its 
"application to deck machinery, engine room auxiliaries, 
and cargo pumps, but also as a means of propulsion 
for tugboats, ferryboats, and all classes of vessels wfiere 
frequent starting and stopping is necessary, and where 
large torques are required at minimum speeds. This 
headway has been due to a careful study of the par¬ 
ticular application by the designing and operating 
engineers and to the hearty cooperation of the electrical 
manufacturers to build special apparatus, where 
standards were not the most suitable and advantageous, 
and there is every evidence of a continuance of this 
spirit.^ 

It will be recalled that in 1920, the Institute issued a 

♦Committee on Applications to Marine Work: 

G. A. Pierce, Chairman 

R. A. Beekman, Vice-Chairman 


Comdr. C. S. Gillette, A. Kennedy, Jr., W. E. Thau, 

H. Franklin Harvey, Jr., Comdr. M. A. Libbey, C. P. Turner, 

Wm. Hetherington, Jr., E. B. Merriam, A. E. Waller, 

H. L. Hibbard, I. H. Osborne, J. L. Wilson, 

J S. Jones, Wm. H. Reed, R. L. Witham. 

H. M. Southgate, 

Presented at the Summer Convention of the A. I. E. E., 
Detroit, Mich., June 20-2/,, 1927. 


volume, Recommended Practise for Electrical Installations 
on Shipboard, which was accepted and used by a great 
majority of the naval architects, marine engineers, ship 
owners and shipbuilders, and recognized by the Insur¬ 
ance and Classification Societies as having filled a 
long-felt want. The 'committee takes pleasure in 
announcing that after three years of close application 
to the study of revision, the Institute will at an early 
date issue the revised edition which represents the 
combined efforts of representatives from United States 
Navy Department, Classification and Insurance 
Societies, electrical manufacturers and shipbuilders, 
for which sincere appreciation, by the Institute and the 
committee, is hereby acknowledged. 

Arrangements are being made to give this edition 
wide circulation; first, that it may add to the simplifica¬ 
tion and standardization movement which is being so 
urgently advocated by the United States Government 
Department of Commerce, and secondly, that the 
Institute’s standards may be universally adopted, 
which ultimately -will result # in better products of 
uniform manufacture at lower first costs and 
maintenance. 

The economic feature of shipbuilding is at a low ebb 
and has not materially changed since the war; further 
more, there is little hope of any relief until some 
changes are made in our shipping laws. 

Shipbuilders and owners of the United States cannot 
hope to compete with those of any other country, 
owing to material and labor prices. Our shipping laws 
provide protection only in the coastwise trade, and 
necessarily the advantages of electric drives which 
originated, and have been highly developed, in this 
country, have opportunity for demonstration only in 
that class of vessels. 

G. A. Pierce, Chairman. 

Electric furnaces which are great tubes sunk in the 
ground are used to heat ship’s guns in order to expand 
them to take new barrel linings. In the giant 16-inc 
guns these linings have to be replaced after each 100 
discharges of shells using explosives of war strength 
They will endure about 300 shots in peace-time tar 
practice. The guns are lowered into and withdra 
from the furances by electric cranes. 






Abridgment of 

Non-Harmonic Alternating Currents 


BY FREDERICK BEDELL 1 

Fellow, A. I. E. E. 


Synopsis— Certain principles are presented for solving non¬ 
harmonic a-c problems - Graphical methods are already well 
known for solving practically any problem, when currents and 
electromotive forces are sinusoidal, by % vector diagrams in a plane 
In certain special cases such diagrams give correct results when 


currents and electromotive forces are non-sinusoidal, but in general 

diagrams m more than two dimensions are necessary A mide 

3 1 7 teHal ' S ° me ° f WMch has Vublished btforTt 

ZelTat£nabie U 9eneral solution 

ms attainable. A Bibliography with 61 references is appended. 


Scope and Limitations of Usual Sine-Wave Assump¬ 
tion. It is common, in discussing the theory ot alter¬ 
nating currents, to assume that currents and electro¬ 
motive forces are simple harmonic functions of the time- 

♦ are plotted as sine wa ves. It has been 

found that, for most purposes such a wave is superior 
to a wave that is irregular, or-complex, which, to dis¬ 
tinguish it from a simple harmonic wave, may he 
referred to as non-sine, or non-harmonic. The tech- 
mque of alternator design has been highly developed 
with a view to attaining a sine wave of electromotive 
force a,s closely as possible, the subject being fully 
discussed in many texts and special articles, Bibliog¬ 
raphy, 33. Methods have been developed for mea¬ 
suring and penalizing departure from a sine wave and 
much study has been given to the specification of 

“.'Vsr' 11 departure - BiMoSraphy, 9, 

On the sine-wave assumption there has been de¬ 
veloped a very complete analytical theory of alternating 
currents and, in parallel with it, a graphical method of 
representation and analysis that gives ready and ae- 
curate solution to practically any problem that arises 
It has been found that harmonically varying quantities 
can be represented as vectors in a plane, and that these 
vectors, by showing the phase and amplitude of the 
several harmonic quantities, completely define them. 
■Furthermore, any vector may be resolved into com- 
ponents and, conversely, two or more vectors may be 
added or combined, as in the polygon of forces. Thus, 
a current may be resolved into two components at 
right angles to each other, one a power component in 
phase with electromotive force and the other a reactive 1 
component in quadrature thereto. Similarly, an elec- 1 
tromotive force vector may he resolved into its power ; 
component m phase with current and a reactive com¬ 
ponent in quadrature, Bibliography, 11. 1 

Apparent power is the product of the electromotive 1 
force E and the current I, but real power is the product c 
° E, I and a power factor, cos 8, where 6 is the angle of 1 
p ase diffe rence between E and I. Real power may, ■■ 


Ithaca^? 01 ° f Applied BIectrici ty. Cornell University, 
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r b f- h f ed Upon either as ** Product of 

the eIectrom otive force and the power component of 
- current or as the product of the current and the power 
^Ponent of electromotive force. The product EI 
sm d is a pulsating reactive power with average value 
zero, where sm d is the reactive factor and I sin 6 is 
the reactive component of current; E sin 8 is the re- 
s active component of electromotive force. 

There is scarcely a circuit problem that cannot be 

> soly ed by methods based upon these principles; the 

r Wh ° 6 treatment > however, is based upon the sine-wave 
assumption. 

• vf n sin ^ wave ’ however, is practically never 
obtained from commercial apparatus. In practise, 

, currents and electromotive forces deviate to a greater or 
less extent from a simple sine function of the time. It 
is true that in many cases, though there he this devia¬ 
tion from a sme wave, conclusions based on a sine-wave 
assumption are sufficiently accurate for practical pur¬ 
poses; indeed, in certain cases, conclusions thus ob¬ 
tained are strictly correct and the results are the same 
irrespective of whether we are dealing with sine or non¬ 
sine waves. In other cases, however, deviation from a 
sme wave causes error in results obtained on a sine-wave 
assumption, and this error may be large or small 
according to the conditions of the problem. A careful 
stpdy of non-harmonic alternating currents, therefore 
is desirable. * 

Complex Wave Represented by Fourier’s Series. Any 
periodically varying quantity, such as we are here 
discussing, can be completely represented by a con¬ 
stant term and a series of sine terms, of definite ampli- 
ude, phase and frequency. Cosine terms are unneces- 
sary when the phase of each sine term is included. 
Ihe series of sine terms used to represent an irregular 
a-c. wave includes a fundamental, or sine wave of funda¬ 
mental frequency, and various harmonics with fre¬ 
quencies that are odd or even multiples of the funda¬ 
mental frequency; a constant term is added in the 
general case. The introduction of factors of exponen¬ 
tial form, that occur in transients and in cases of * 
damping, will not he considered .here, Bibliography, 30. 

For Usual Alternating Currents, Positive and Negative 
Areas are Equal and the Constant Term is Zero. The 
average value of any complex wave, expressed as in the 
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preceding paragraph, is the constant term, the average 
value of the .fundamental and the various harmonics, 
taking account of sign, being zero. The average value 
must he taken over a complete period. In an ordinary 
alternating current, with no predominating flow in one 
direction, the average value or constant term is zero; 
and, since the average of the positive ordinates is equal 
to the average of the negative, the areas of positive and 
negative half-waves are equal. Inequality of areas 
indicates a direct current combined with the alter¬ 
nating and this direct current would he represented by 
the constant term. This is a case that sometimes 
occurs. 

In a-generated electromotive force wave, the equality 
of positive and negative areas indicates that the total 
flux cut in a positive sense is equal to the total flux 
cut in a negative sense, as is the case in any dynamo- 
electric machine. It is seen, therefore, that in the wave 
for electromotive force, as well as in the wave for cur¬ 
rent, the constant term is zero. 

When 'positive and negative half-waves are alike, 
odd harmonics only can be present. 

Average Product Theorem. The average product 
of the instantaneous values of two hadronic quantities 
of different frequencies is zero. This Is true irrespec¬ 
tive of their relative phase positions and the ratio of 
their frequencies; the same is true of the product of 
any periodic quantities, each of which is represented by 
a series of harmonic terms. 

This may be illustrated experimentally by passing 
currents of different frequencies through the two coils 
of a wattmeter and noting that the reading is zero. 
Formally, it may he shown by integration of the prod¬ 
uct of two sine functions, having different periods, over 
the least common multiple of the two periods; or, over 
the longer period when one period is a multiple of the 
other. In case the two periods were nearly equal and 
their least common multiple very large, heats would 
occur, but the average value of the product ovec a 
sufficiently long time would still he zero, Bibliography, 
13,14 (p. 391). 

The average value of a constant, multiplied by a sine 
function, or by the sum of several sine functions, is 
likewise zero. 

The results of these relations are far reaching; root- 
mean-square values and average power for non-har¬ 
monic waves both depend upon this average product 
theorem. 

Root-mean-square Value of Non-harmonic Wave. A 
non-harmonic wave, as already explained, consists of 
a series of harmonic components of fundamental and 
higher frequencies. It will he shown that the r. m. s. 
value of the total wave is equal to the square root of the 
sum of the squares of the separate harmonic com¬ 
ponents. Thus, if the fundamental is A, and the 
several harmonics B, C and D (r. m. s. values), the 
r. m. s. value of the total wave is VA 2 + B 2 + C 2 + D 2 . 
This will be referred to later as the square law. It 
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will be seen that the result is independent of the phase 
and frequency of the several components. The effect 
of each component is added as though it were in 
quadrature to each other component, Bibliography, 
13, 14. 

This may be demonstrated experimentally by taking 
voltmeter readings of the separate and total voltages 
when two or more electromotive forces, not of the same 
frequency, are connected in series; or, more laboriously, 
by plotting curves for the instantaneous values of the 
components and determining r. m. s. values of their 
sum. 

If, collectively, the harmonics B, C and D are repre¬ 
sented by H, where H 2 = B 2 + C 2 + D 2 , the r. m. s. 
of the total wave is VP + H 2 , where F is the funda¬ 
mental. It is seen that the collective harmonics add 
as a component in quadrature to the fundamental. 

The proof of the foregoing is readily seen. The non¬ 
harmonic wave may be represented by a series of sine 
terms of different frequencies. One of these terms may 
be a constant, representing^, d-c. component, if desired. 
When this series is squared, to get the r. m. s. value, 
every term is multiplied by itself (so that any term, as 
A, becomes A 2 ) and by every other term. But the 
cross-products, obtained by multiplying together terms 
of different frequencies, all vanish, for their average 
product, by a theorem already stated, is zero. The 
only terms remaining are the square terms, as A 2 , B 2 , 
etc., the r. m. s. value of which is V A 2 + B 2 + C 2 + D 2 . 

One of the terms in the preceding expression may be 
a constant, representing a d-c. component. It is 
thus seen that a direct current, when superimposed on 
an alternating current, adds vectorially in quadrature, 
in the same manner as an alternating current of a dif¬ 
ferent frequency; the resultant is the square root of the 
sum of the squares of the component currents. 

Principles of Independent Superposition of Harmonic 
Alternating Currents of Different Frequencies. When 
a pure sine electromotive force is impressed upon a 
circuit in which the various resistances, inductances and 
capacities are constant, the current that flows is a 
pure sine wave of the same frequency, with amplitude 
and phase dependent upon the constants of the circuit. 

When the electromotive force wave contains not only 
the fundamental sine wave, but harmonics as well, 
the current will contain a fundamental and harmonics 
of these same frequencies. Furthermore, each har¬ 
monic component of the electromotive force will pro¬ 
duce in the current a corresponding harmonic compo¬ 
nent of the same frequency, exactly as though all other 
components were absent, Bibliography, 6, Chap. XI. 

This holds true of any part of a complex circuit, as 
well as of the circuit as a whole. Thus, if the harmonic 
components of the electromotive force, either in the 
whole circuit or in a part, are E u E 3 , E b , the corre¬ 
sponding components of current are I,, It, I- 0 , each com¬ 
ponent being determined independently as though it 
alone existed. 
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By the square law, the sum of the component electro¬ 
motive forces is 

E = V Ef + W + £?. 

The sum of the component currents is 


alternating currents 
Hence, 
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1 = + 1 ? + 1 ?. 

The phase of each harmonic component, as well as its 
amplitude, is determined independently. Although 
these phase relations affect the w*ave-shape, they do not 
affect the r. m. s. value of the total current. 

When a circuit contains a constant resistance only 
the harmonics in the current wave will have the same 
relative^ amplitude and phase positions as the several 
harmonics in the electromotive force wave; that is, the 
current and electromotive force are similar in wave¬ 
form. With reactance present/however, this will not 
be true, for the relative amplitudes and phase positions 
of the several harmonics in the'current will vary with 
their several frequencies. 

In the case of inductive reactance, the reactance of 
the circuit for the severar harmonics increases in 
proportion to frequency, thus increasing the lag and' 
decreasing the amplitude of the corresponding harmon¬ 
ics m the current wave. Inductance tends to choke 
out the higher harmonics and to make a smoother 
current curve. Capacity reactance, on the other hand, 
amplifies harmonics in the current and so increases’ 
rather than smooths out, irregularities in its wave-form. 
With either inductive or capacity reactance present, 
the wave-forms of current and electromotive force, 
except in the. case of pure sine waves, are no longer 
similar. The resultant wave-form of current, however, 
is built up from its separate harmonic components, for 
the principle of independent superposition holds, so 
long as resistance, inductance and capacity are con¬ 
stant. When one function, as current, is related to 
another, as electromotive force, by a linear differential 
equation in which the coefficients are constant, as a 
matter of course, one function may be derived from the 
other by a so called “distributive'’ operation, and the 
principle of independent superposition holds. 

Should resistance, inductance or capacity be variable, 
the principle of independent superposition cannot be 
applied. In this case, as discussed later, a sine-wave 
electromotive force does not produce a sine-wave cur¬ 
rent; the separate harmonic components of a complex 
electromotive force, therefore, do not produce corre¬ 
sponding independent components in the current. 

~When a, Current Comprises Components of Different 
requencies, Each Component has Its Independent 
Resistance Loss; the Total Resistance Loss, R P, is the Sum 
of the Losses due to the Separate Components. A s already 
shown, when a current I comprises components I a , 

J-h L, etc., of different frequencies, the r. m. s. value 
of the total current is the square root of the sum of the 
squares of the separate components; 

1 = Via 2 + i b * TTT+77 .. 


R P = R Ij + r i b * + r i c 2 _j_ . 

Each component has its own resistance loss as though it 
a one existed; the total loss is merely the sum of these 
separate losses. This is equally true when one com- 

ponent is direct current. 

As an illustration, if two unlike currents, either 

diff C ff d aternating ’ or alternating currents of 
ifferent frequencies, of 10 amperes each, are superposed 

a Cir 0 c ^ t havmg a resistance of one ohm, the total 
loss is 200 watts, the separate losses being 100 watts 
each. This is an interesting contrast with the case 
when two like currents, two direct currents, or alter¬ 
nating currents of same phase and frequency -of 10 
amperes each, are superposed in the same’circuit 
having resistance of one ohm; the total loss in this case 
is 400 watts, although the loss would be only 100 watts 
for either current flowing alone. (For references, see 
next paragraph). 

Copper Saving in Composite Systems of Power Trans¬ 
mission. It is obvious from the foregoing that a 
considerable copper economy could be effected were it 
possible to use the same lines for the simultaneous 
transmission of /power by unlike currents, that is 
by direct and alternating currents or by alternating 
currents having different frequencies. 

Inasmuch as copper drop is proportional to copper 
loss, each current in such a composite system would 
have its own independent copper drop as well as copper 
loss; and, where the amount of copper is determined by 
allowable copper drop or loss, no more copper would be 
required to carry several currents for composite trans¬ 
mission than would be required to carry one current 
alone. The independence of copper drop is very 
striking. Thus, if two generators transmit unlike 
currents over the same lines to independent loads, one 
for lighting and the other for power, the regulation of* 
the lighting load is in no way affected by most extreme 
variations in the power load; for example, an entire 
power load with line drop of, say, 50 per cent could be 
thrown off and on without producing even a flicker in 
the lamps constituting the lighting load. These results 
are confirmed by test. * 

Although several composite systems have been 
proposed, the complications involved have thus far 
prevented their general adoption, Bibliography 16 17 
19, 20, 21, 22. ’ ’ 

Equivalent Sine. Wave. Although a non-harmonic 
alternating quantity requires a series of harmonic terms 
for its complete representation, it can be represented, 
for many purposes, by a single sine wave having the 
same r. m. s. value and the same frequency. Such a • 
wave is called an equivalent sine wave. It is equivalent, 
however, in a restricted sense only. Thus, inductance 
and capacitance can completely neutralize each other 
m case of true sine waves only, complete neutralization 
being impossible for non-sine waves or for their equiva¬ 
lent sine waves. 
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If a non-sine wave is plotted in polar coordinates, the 
equivalent sine wave is plotted as a circle with the same 
area. If a non-sine wave and its equivalent sine wave 
are plotted in rectangular coordinates, the curves 
formed by the squares of their ordinates enclose equal 
areas, thus giving equal mean-square and r. m. s. values. 

Vector Representation of Equivalent Sine Wave. A 
non-harmonic alternating quantity can he represented 
by a vector corresponding to its equivalent sine wave. 
There seems to be no criterion, however, for satis¬ 
factorily defining the absolute phase location of an 
equivalent sine wave with respect to the irregular wave 
to which it is equivalent, although the phase dis¬ 
placement of one equivalent sine wave with respect to 
another, as a current with respect to an electromotive 
force, can be determined. As discussed later, this 
phase relation is, in general, definite between pairs of 
quantities only. Accordingly, except in 'special cases, 
only two equivalent sine waves can be represented as 
vectors in a plane and three such waves as vectors in 
space, if all their phase relations, as well as magnitudes, 
are to be correct. More vectors would require more 
dimensions, or would necessitate a lack of significance 
in the relative phase positions of so^e of jfhe vectors. 
The sum of two equivalent sine waves can be vectorilly 
represented, however, in the same plane as the two 
waves themselves, and the sum of three equivalent 
sine waves can he represented with them in space, as 
discussed later. 

Equivalent Phase Difference. The equivalent phase 
difference between two non-sine waves of the same 
frequency is the phase difference between the two 
equivalent sine waves when so located with respect to 
each other that the mean product of their instantaneous 
values is the same as the mean product of the in¬ 
stantaneous values of the two non-sine waves of which 
" they are the equivalent. In the case of a current and 
an electromotive force, this mean product is the average 
power, the equivalent phase difference being an angle 
whose cosine is equal to the power factor. 

Lag or Lead of Non-Sinusoidal Current. In case of 
sine waves of current and electromotive force, in¬ 
spection of the waves plotted with respect to time shows 
at dnce whether the current is lagging or leading in 
relation to the electromotive force. If the current is 
lagging, the current passes through zero and attains 
successive values, as %, 34 M and full maximum value, 
a certain interval of time, depending upon the con¬ 
stants? of the circuit, after the electromotive force 
attains its corresponding value. This time interval 
or lag is the same between zero as between maximum 
values of current and electromotive force and is a 
measure of the phase difference. Power and power 
factor are increased when a lagging current is advanced, 
or when a leading current is retarded, in phase. 

In case of non-sine waves, however, these definite 
relations do not hold. Except in special cases, the 
time-lag measured between zero points of current and 
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electromotive force is different from the time-lag 
measured between maximum values, and in neither case 
does its value correspond to the equivalent phase 
diff erence. Indeed, the current might lag behind the 
electromotive force in reaching its maximum value and 
he in advance of it in passing through zero, so that 
inspection does not show whether the current is lagging 
or leading, nor whether the angle of equivalent phase 
difference is negative* or positive. This uncertainty, 
however, does not affect the numerical value of the 
power factor, for the cosine of an angle is independent 
of its sign. 

Arbitrarily, a current is said to lag when its maximum 
value occurs later than the maximum value of the 
electromotive force, Bibliography, 61; but the time of 
passing through zero has also been used as a criterion, 
Bibliography, 26. Although not used, a better cri¬ 
terion might depend- upon power. Thus, current 
would be referred to as lagging when an increase in 
power and power factor is brought about by advancing 
it in phase, and as leading when increase in power and 
power factor is brought about by retarding it. This 
is discussed later under power factor. 

Two Equivalent Sine Waves of the Same Frequency, 
and their Sum or Difference, can be Represented by Vectors 
in a Plane. Three vectors, 1, 2 and 3, representing 
non-harmonic quantities of the same frequency, do not 
in general lie in a plane. Thus, if the equivalent phase 
difference between 1 and 2 is 40 deg., and between 2 
'and 3 is 10 deg., the equivalent phase difference between 
1 and 3 may be neither 30 deg. nor 50 deg. The repre¬ 
sentation of three non-harmonic quantities by vectors 
in a plane is correct, however, when one of the quanti¬ 
ties is the sum or difference of the other two; that is, 
the vectors in this case correctly show the relative phase 
differences between the three quantities, as well as 
their magnitudes. Thus, let A and B be the r. m. s. 
values of two non-harmonic quantities and C the sum. 
If three vectors are drawn in a plane so that C is the 
vector sum of A and B, it will be found that the angle 
between any two vectors will he their equivalent phase 
difference, as already defined; if one vector represents 
an electromotive force and the other a current, the 
cosine of this angle gives the true power factor, Or, 
if two vectors A and B are drawn with an angle between 
them equal to their equivalent phase difference, their 
vector sum will give the r. m. s. value of the sum of the 
two non-harmonic quantities that they represent, 
Bibliography, 13,14 p. 391,15, 39. 

Again, if a is the equivalent phase difference between 
two non-harmonic quantities and if b is the phase dif¬ 
ference between them when one of the quantities is 
reversed, the sum of the angles a and b is 180 deg.; 
the vector representing one of the quantities is reversed, 
as though the quantities represented by the vectors were 
harmonic. 

The correctness of vector addition and subtraction of 
non-harmonic quantities may be rigorously proved, or 
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may be verified either by experiment or .graphical 
construction, Bibliography, 13, 14. 

The once famous three-voltmeter and three-ammeter 
methods are illustrations of the general theorem that 
vectors in a plane may represent two non-harmonic 
waves and their sum.* In the three-voltmeter method 
three voltmeter readings are drawn as vectors in a 
plane; E 1 measured across a load; E 2 measured across a 
non-inductive resistance in series with the load; and E 
their sum, measured across the two. In this case’ 
not only the three voltages but also the current I can 
be represented 4 as vectors in a plane, for I = E 2 -f- R 
where R is constant, and any representation of I is the 
same as the representation of E 2 with the scale changed. 
The equivalent phase difference between E x and I in 
the load is thus determined, giving power factor cos 6 
and power. In the three-ammeter method there is a 
similar relationship, vectors in a plane being drawn to 
represent the electromotive force E as well as the cur¬ 
rents ,h in a load, 7 2 in a non-inductive parallel circuit 
and I, their sum. The thjee-voltmeter and three- 
ammeter methods may be considered as proved by the 
general theorem; or, they may be considered as a proof 
of the theorem for these special cases, Bibliography, 

Otherwise stated, we may represent as vectors in a 
plane the various currents and voltages in a system con¬ 
sisting of one unknown load circuit of any character 
and a single pure resistance, either in series or in 
parallel with it. _ By extension, see preceding footnote, 
we may include in the system any number of pure re¬ 
sistances connected in any way whatsoever with the one : 
unknown circuit; thus, some of the resistances may . 
be m series and some may be in parallel with it, provided ] 
in each one there is a linear relation, e = Ri, between ] 
current and electromotive force. In the one unknown 
oad circuit, however, there need be no simple relation 
between e and i; the current in it may be distorted, as « 
by hysteresis, and have a very different wave-form 1 
rom the electromotive force. A single voltage and a r 
single current in the unknown load circuit are included s 
m the vector representation in a plane. If the voltage f, 
or current in the unknown circuit is split up into parts a 
or components, such parts or components cannot be i 
represented in the plane. * 

Three Equivalent Sine Waves of the Same Frequency, ci 
and, their Sum, can he Represented by Vectors in Space. 

In a like manner three non-harmonic alternating quan- s« 
titles, together with their sum, can be represented as fc 
vectors in space, the length of the vectors being equal v: 
to the r. m. s. values of the various quantities and the o; 
angle between any two vectors being equal to their 
equivalent phase difference. More quantities can be pc 
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4. More generally stated: Where certain quantities are repre¬ 
sented as vectors in a plane, any other quantities that are linear 
^ OQ° n ^l tlleSe may likewise be 80 represented, Bibliography, 
. When e “ e is a linear function of i. When e 
~ 11 + ^3> e is a linear function of i x and i 2 . 


:a ?? represented only when they are linear functions of 
those already represented; thus, if three currents are 

It E ^ space, any voltage drops proportional 
at thereto may also be represented. This follows as an 
ic extension of the preceding case, Bibliography, 16 18 

d, to 23, 25, 29 pp. 217-9, 34,42, 45, 53. • 

a n„Sr than thr , ee vectors representing non-harmonic 
a quantities cannot, m general, be drawn in space; but 

® r ®® uIt ^ nt of two of these can be used, together with 
T h ° ther two ’ to construct a three-dimensional figure, 
n In the same way, three vectors cannot, in general, be 

jJ ra J n in a plane; but the resultant of two of these can 
e be drawn with the third in a plane. The three result- 
L ants of any number of quantities can thus be represented 
a in space, or two resultants in a plane, Bibliography, 34, 

, but this is a cumbersome procedure of doubtful utility, 
i Variation of resistance, inductance or capacitance 
3 causes wave distortion. 

Pyramidal Space Diagram. The three star voltages 
’ ° f a three-phase system, which lie in a plane when there 
is no wave distortion, have the neutral point raised from 

; e pIan ® by f he thlrd harmonic voltage and its multi- 
p es, so that the three star voltages become the edges of 
a pyramid Similarly, a diagram with vectors in space 
is required for representing line and delta currents 
when harmonic currents circulate in the delta without 
appearing in the line, Bibliography, 29, pp. 217-9. 

I-connected transformers produce dissimilar wave 
jorms. 

Power. When alternating currents and electromotive 

forces are complex, containing components of funda¬ 
mental and higher frequencies, each component has its 
own independent power and power factor. The total 
power is the sum of the power of the separate com- 
ponents, thus, the total average power is 

EI cos e = E 1 I l cos e l + E 3 1 3 cos e 5 + . .. 

The independence of the average power of the* 
separate harmonic components results from the fact 
already pointed -out, that the average product of har¬ 
monic components of different frequencies is zero, 
so that, when complex currents and electromotive 
forces are multiplied together, only products of currents 
and electromotive forces of the same frequency remain. 

1 his relation is always true, irrespective of the natute or 

the amount of distortion in the electromotive force or 
current wave. 

Apparent power is not, in general, the sum of the 
separate apparent powers. The instantaneous power 
for each component is a quantity of double frequency 
varying harmonically about its average value Bibli¬ 
ography, 36. 

Power Factor. From the foregoing, it follows that * 
power factor, in case of a complex wave, is 

cos 6 = (Ei Ii cos d, + E 3 1 3 cos d 3 4 -...)+ E I, 

6 being the equivalent phase difference betv een the 
complex E and I. 

It will be seen that in determining the combined 
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power factor, cos 0, the power factor of each component 
is given a weight in proportion to the ratio of the ap¬ 
parent power of the component to the total apparen 
IZev. There is, however, no simple general relation 
between the combined power factor and the power fac¬ 
tor of the separate components. 

A circuit with reactance increasing and power factor 
decreasing with frequency, as R and L m senes or R 
and C in parallel, will have a lower power factor with an 
irregular electromotive force wave than with a sme 
wave. On the other hand, a circuit with reactanc 
decreasing and power factor increasing with ^® q uency, 
as R and C in series or R and L in parallel will have a 
higher power factor. It is thus seen that harmonics m 
an electromotive force ware may decrease or increase 
power factor according to the character of the circuit. 

Anv change in the relative amplitudes of the separate 
Components of electromotive force and correspon mg 
components of current changes the total power factor 
and at the same time changes wave form. Any change 
in their relative phase positions, however, while chang¬ 
ing wave form, has no effect on power factor. 

An exception occurs when the power factors cos 0, 
cos 0i, cos 0 3 , etc., are all equal, so that „ 

El = Eih + Esh + • • • 


In this case total apparent power is the sum of the 
apparent powers of the separate components, and, 
furthermore, the value of the total and separate power 
factors is not affected by any change in the relative 
amplitudes of the component electromotive forces and 
corresponding changes in component currents. This 
occurs when power factor is unity and in one special 
case, as discussed later. 

Unity Power Factor Occurs only when the Current 
Wave is Precisely Similar to the Electromotive Force and m 
* Phase with it. Reactance must he Zero and Resistance 
Constant. As power factor is real power RP, divided 
by apparent power El, it is obvious that, in order to 
have unity power factor, EI must equal R1 2 and 
E = RI. This can be true .only in case the reactance, 
of the circuit is zero and there is no capacity or induc- 
tanqe present. 

Power factor is the ratio of resistance R to the 
impedance Z. This ratio is unity only when reactance 
is zero and the circuit contains resistance only. Further¬ 
more, for unity power factor, the resistance must be 
constqpt, for it has already been shown that a pulsating 
resistance reduces power factor to less than unity 

Constant resistance means that the current wave is 
similar to the electromotive force wave; the current i at 
any instant is proportional to the electromotive force e 
- at that instant; e = Ri. In this case the current and 
electromotive force pass through zero simultaneously 
and their maximum values coincide. Under no other 
circumstances can power factor be unity. There is no 
limit, however, to the irregularity of the current and 


electromotive force waves with unity power factor, 
provided the two waves are similar. 

As a numerical illustration of unity power factor m 
case of a complex electromotive force, let the electro¬ 
motive force E = 50, comprising a fundamental 
E, = 40 and a third harmonic Ez *= 30, be connected to 
a circuit with R = 10. The current is similar to the 

electromotive force; thus, 1 1 - 4; Is - 3, • °wer 

7? T 2 — R Ii 2 4- R I 3 2 ; # or 250 = 160 + 90. Apparent 
power E I - 50 X V - 260. Power factor - 1. In 
like manner, the electromotive force may contain any 
number of harmonics and these may have any phase 
positions, as well as any amplitudes, for the phase of one 
harmonic with respect to others or with respect to the 
fundamental has no effect on power factor. For a more 

formal proof, see Bibliography, 23,34.' 

Power Factor Less than Unity is due either to Current 
Displacement or Current Distortion. It will be seen that 
power factor is less than unity in two cases: (a). When 
an alternating current is shifted in phase with reference 
to the electromotive forcg, so that the zero and maxi¬ 
mum values of current occur earlier, or later than the 
corresponding zero and maximum values of electro¬ 
motive force, power factor is less than unity, no matter 
what the wave forms of current and electromotive force 
may be. This is the common case and usually comes to 
mind when the power factor of an alternating current is 
referred to as being less than unity; the angle 0 in the 
expression, power factor equals cos 0, represents a true 
phase displacement, (b). When current and^electro¬ 
motive force are unlike in wave form, power factor is less 
than unity, no matter what may be the phase position 
of the current with respect to the electromotive force; 
power factor may be brought to a maximum value by 
shifting the current wave with respect to the ele ^ ro “ 
motive for'ce, but this maximum is always less than 

The sign of 0, in the expression power factor equals 
cos 0, is ambiguous and does not indicate whether the 
current is lagging or leading. In fact, when e 
reduction in power factor is due to distortion, there may 
be neither lag nor lead. Thus, power factor 0.85, for 
example, indicates a phase angle of 32 deg. between the 
vectors I and E, representing current and electro- 
motive force. If there is no lag or lead, the vector I is 
apparently caused to swing out of the usual plane of 
reference, as already referred to in the discussion of 
distortion due to pulsating resistance, inductance or 
capacity. 

Either current displacement or current distortion may 
operate alone to reduce power factor, or the two causes 
may operate simultaneously. Customarily the wo 
effects are lumped together in a single resulting power 
factor cos 0, which, in some cases, may be separated 
into two factors, cos a due to current displacement <* n 
cos p due to current distortion. The angle .a then 
represents lag or lead in the usual sense in the p anep 
reference and the angle p the amount the current vector 
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swm gs o ut of that plane due to distortion, power 
factor being the product cos a cos /?. A single factor 
however, is more convenient and is quite sufficient for 
ordinary purposes. The values of the two separate 
factors are not readily determined and, except in 
special cases, are not independent of each other 
Bibliography, 59. • ' 

. P * culio f Special Case. When the current wave is not 
similar to the electromotive force, any change in 
amplitude of any harmonic component changes*^ 
complex power factor, except in one peculiar case 
namely, when only one harmonic, the nth harmonic is 
present and the lag of the current of this harmonic 
with respect to its electromotive force is exLXTS 
to the lead of the fundamental current with respect to 
the fundamental electromotive force. This Occurs 

t^ncTlT ' w QCe ’ tWcu ^asa cap"" 

lty reactance 1/C oj which, for, the fundamental is n 
times the inductive reactance L «, Bibliography, 59 . 

In this case, and m this case only, the harmonic nX 
undamental have the same power factor, lagging in one 
case and leading in the other, ‘and this is the power actor 
of the complex wave. Whether the complex current is 
agging or leading with respect to the complex electro 
motive force is apparently indeterminate 

lioiT’J? a ! Sl3itabIe frequenc y Bib¬ 

liography, 60, the relative values of fundamental and 

ta-momc can be varied, so that the total r m s value 

Of the complex electromotive force remains constant 

he current taken by the circuit, its real and apparent 

power and its power factor remain unchanged as the 

wave form of file electromotive force is varied from 100 

m T Z d T ental With leading P— factor, 1 O 
100 per cent harmony with lagging power factor 

hen fundamental and harmonic are both present in 

aroundT^n 0118 ’ the CUrrent vector apparefltly swings 
around in space, maintaining a constant phase angle 

X XT from hsgias t0 Ieadin *- 

XXX ,r y ’ °fTJ n a s y ne ^ ronous motor 

ScTtS,u SthTi* 0 lead “ g - with M 
“bCX,49 e P °" P ,aCtOT p “ b « 

XX , Th i S Paper ’ wbMl is in ' “elf a sum- 

liead M « ' r S h hCr s,,mr,mritx 'l by surveying the 
neaclings of the various paragraphs. It has been 

obtaining* thp tliat t ^. ere are well-known methods f" 
ammg the general solution for practically all prob- 

ms dealing with simple harmonic alternating currents 

ZZ S ZL h ° W T’ *° be Staito XodThat 

, applied m all cases to the solution of problems 

htTto be^Tj ^ n0n ' ha ™ oni c. Such probLm 

genera soM^ TT* " ]eSS SeparateI ^ Without a 
to nreL" ! ™' ‘ • PU1 ? 0Se ° f tWS PaPer haS been 

order tt i- pnnciples simply and clearly, in 

SLS? ^ ^ be made of them wherover 

Rihlto emPt if t0 ,d USe S ° me kind of distortion factor 
ography, 44 , for modifying the usual alternating 


BEDELL: NON-HARMONIC ALTERNATING CURRENTS 


1063 

-1-tions, so that equations and graphical 

s £To s ‘X To tte ™ T be XS 

fruit r- sme currents > have not borne 

discussion ofn^ y -’ nor has a general analytical 
discussion of non-sine alternating currents given praeti- 

certaffi 0 gen? r° Iutl0ns .’ Bib] iography, 48 . Although 
afford the ra Pn , nCip es are est ablished, they do not 
problem S ° Iuti ° n of eve ry P^icffiar 

procLirreme?^^ ^ ^ graphical dia ^ms for 
rents and j P f ntiag n °n-harmonie alternating cur- 
ents and electromotive forces require, except in so™ 

special cases, more than two dimensions. The ordinary 
Plane diagrams are at best only approximations. . 

in plane IT * kn ° W ’ h ° Wever > that tb e errors 
^ . digrams are commonly not large enough to 

whenLffinrlsw 6 !! 6 *! 10 ^ 117, 40 ’ P ‘ 228 ’ exce P b 
in other- g , aS We as la g§ m g currents are involved - 

reactanceTsffi’ “ drcuits containin g capacity 

In Tndn? C ° ndensers and synchronous machinery 
: “dnctive circuits, harmonics are, to a certain 
tent choked out, so that errors are limited and there 
is no endency for them to become amplified The 

“ d 10 “ e ™ ” Xg“raX 

ironed out if °%? paper- wbicb « later 

precise mavT The + flat diagram > although not 
Thus f < acc 3 urate en °ngh for most purposes. 

excelW Sf T mer diagrams drawn in a plane give 
excellent working results, despite wave distortion 

In a synchronous motor, on the other hand certain 
discrepancies due to current distortion may be corrected 
or eliminated by use of a diagram in three ffimSons 
Bibliography, 49. It is well known that the pTw^ 
factor of a synchronous motor does not become unity 
when current changes from lagging to leading, as the 
plane diagram and usual theory based on the sine-wave 
assumption would indicate. The three-dimensional 
diagram makes it possible for the current vector fn 
£mg rom lagging to leading, to swing around in 

ZZlltZty° Wer ^ PaSSeS thr ° Ugh " maXi - 

Plane diagrams are subject to the greatest errors in 
case of circuits containing inductance and capacity 
wen resonance for a particular harmonic may greatly 
amplify the errors due to wave distortion. 
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High-Voltage Measurements on Gables and 

Insulators 
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, Synopsis— This paper presents some of the results of a series of 
high-voltage tests on cables and insulators, extending over a period 
of eight years, to determine the electrical'characteristics of the insula¬ 
tion. Leakage current, insulation resistance, and watt input 
tests were made with direct and alternating current. Paper- 
insulated and rubber-insulated cables and a 87,<000-volt porcelain 
insulator were tested. 

From these tests several conclusions were drawn, the principal 
ones being as follows: ' 

1. Insulation resistance of paper and rubber-insulated power 
cables increases to a maximum with increasing applied d-c. voltage, 
the characteristic depending upon the temperature. 

2. It is necessary to use shields as well as guards in making 
tests to determine the electrical characteristics of cable insulation 
under d-c. voltage stresses above the ionization point. 


S : The watt in P ut to the insulation of a paper cable under d-c . 
stress, at a given temperature, depends upon the character of the 
voltage wave; the greater the ripple, the greater the watt input. 

4- It is necessary to use shields as well as guards in making 
tests on short cable samples to determine the a-c. electrical character¬ 
istics, such as dielectric loss of cable insulation under voltage stresses 
above the ionization point. 

5. The ionization point is very variable depending upon the physi¬ 
cal circuit, together with the atmospheric conditions, and represents 
in reality, local air breakdown. 

. 6 ' The hetter (*• the more uniform ) the dielectric, the greater 
is the tendency for the material to break down in its entirety rather 
than at a single point. Practically, of course, no dielectric is per¬ 
fectly homogeneous *, so that failure will be restricted to the weakest 
spot or spots. 


m 

Tests on Paper-Insulated Cables 

T HE first series of tests described in the paper is 
that on paper-insulated, lead-covered cables. 
These were tested with direct current from a 
kenotron set and a high-voltage battery and with 60- 
cycle alternating current. 

The results of the tests were plotted to show the 
variation of leakage current, insulation resistance and 


£ 
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Fig. 1 Variation of D-c‘. Characteristics (Insulation 
Resistance and Watt Input with Voltage) of Old 13,800- 
Volt Paper-Insulated Cable Line 

Tests made on Line 5-97, consisting of rosin-oil impregnated, three- 
conductor, 4/0 copper cable, 18,283 ft. long. Conductor insulation, 7/32 
in., outer belt, 7/32 in. 

Voltage applied from kenotron and low voltage battery. Corrections 
made for temperature changes. 


watt input with applied voltage at given temperatures. 
These curves show the insulation-resistance-voltage 
stress and watt input voltage stress characteristics of 
the cables. 

Insulation Resistance Varies with Voltage Applied. 

1. Edison Electric Illuminating Co., Boston, Mass. 

Presented at the Regional Meeting of District No. 1 of the 
A. I. E. E., Pittsfield, Mass., May 25-28, 1927. 


The first conclusion, namely, that insulation resistance 
increases to a maximum with increasing applied d-c. 
voltage, is supported by the tests the results of which 
are shown in Figs. 1 to 6 and 10 to 14, inclusive. 

An inspection of these curves indicates that both old 
and new cables show this characteristic in varying 
degree, depending upon the temperature. At the lower 
temperatures the insulation-resistance rise is very 
pronounced, but at the higher temperatures the rise 
is slight. 

Effect of Temperature on Variation of Insulation 
Resistance with Applied D-c. Voltage. The effect of 
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Fig. 2—Variation of D-c. Characteristics of New 15,000- 
Volt Paper-Insulated Cable Line 

Tests made on Line 38-118, consisting of petrolatum impregnated, three- 
condnctor, 300,000 cir. mils cable, 22,079 feet long. Conductor insulation 
7/32 m., belt, 3/32 in. 

Voltage applied from kenotron and low voltage battery. 

temperature is shown in Fig. 3 for two new paper 
cables (A and B) of different types. Further tempera¬ 
ture effects upon the insulation-resistance-voltage- 
stress characteristics are shown in Figs. 4 and 5, for new 
C and old D paper cable, respectively. 

Necessity for Using Shields. In making tests to 
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determine the electrical characteristics of reel lengths 
of cables it became evident that complete shielding is 
very important. Figs. 3, 4. 5, and 6 illustrate cable 
characteristics measured without shields. In these 
figures most of the insulation-resistance curves against 



Fig. 3 —Variation of Insulation Resistance with D-c. 
Voltage, at Several Temperatures, of Unshielded Reels 
of New Paper-Insulated Cable 

Tests on 15,000-volt, three conductor, 350,000-cir. mil cable lengths. Con¬ 
ductor insulation 7/32 in., belt 3/32 in. Cable A, 644 feet long; petrolatum- 
impregnated; cable B, 645 feet long, impregnated with petrolatum and 
rosin-oil. 

Voltage applied from kenotron. m 


voltage stress rise to maximum and then decline. This 
decline is apparently due to ionization of the air, 
either within or outside the cables. The effect of the 
ionization of the air at the ends of the cable becomes 
proportionally less as the leakage current through the 



Fig. 4 —Variation of D-c. Characteristics at Two Tem¬ 
peratures of Guarded, Unshielded Reel of New Paper- 
Insulated Cable 

n Tests made on cable C, 15,000-volt, three-conductor, 300,000 cir. mils, 
petrolatum-impregnated, 800 feet long. Conductor insulation 7/32 in 
belt 3/32 in. 

Voltage applied from kenotron. 

insulation increases; in fact, in case of very high 
leakage through the insulation, it may be a negligible 
percentage of the total measured current. 

Where the leakage current is low, however, the end 
effects may equal or completely swamp the cable in¬ 
sulation effect at stresses above the ionization point. 
In these cases, whether the cable is long or short, it is 


necessary to use shields and guards to obtain the true 
leakage current values through the insulation, from 
which values the cable characteristics are derived. 



Fig. 5 —Variation of D-c. Characteristics at Two Tem¬ 
peratures of Unshielded Reel of Old Paper-Insulated 
Cable 

Tests made on cable D, 15,000-volt, three-conductor, 2/0, rosin-oil 
impregnated, 101 feet long. Conductor insulation 9/32 in., belt 9/32 in. 
Voltage applied from kenotron. • 
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Fig. 6 —Variation of D-c. Characteristics (Leakage 
Current, Insulation Resistance, and Watt Input with 
Voltage) of Unshielded Reel of New Paper-Insulated 
Cable 

Tests on cable C (see Fig. 4). Voltage applied from high-voltage 
battery. Temperature 26-29 deg. cent. 


To live side of supply 



Fig. 7—Diagram of Connections for Tests with Cable 
and Instruments Shielded 


Further tests were made, therefore, on cable C 
using shields and the results are given in Figs. 10, 11, j 
and 14. These results support the second con- 
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elusions, that it is necessary to use shields as well as * be noted that i 
guards m making tests to determine the electrical rises and it m 
characteiistics of cable insulation under d-c. voltage maximum *nri 
stresses above the ionization point S “ and ( 



rises °and ®J ielded yarded curve continually 

rises and it might be inferred that it must reach a 

maximum and decline previous to failure due perhaps 

fL 6 TT° n ° f u the air Within tbe illation 

thP Li ? the t0tal end Ioss ‘ in watts, which is 
m S nCe between unshielded unguarded and 
shielded guarded results, plotted against voltage stress 

ly rep T ents the *»«• 

ne air at the various d-c. stresses. 

rapidly SthTh v^ 6 ? lue ° f Watts ^ increase 
apidly with the higher voltages and is subject to the 


Fig. 8— Shield for Reel of Cable 

diagrammatically outlined in Fig. 7. The actual 
cable and instrument shields are shown in Figs. 8 and 9 
respectively.' From Fig. 7, it will be noted that the 

SSeSSd ramentS ' “ d are 

and No i 7T obtained witb shields and guards, 

voft !l u°i tham ° n an 80 °- ft ' len Sth of 15,000- 
paper cable C. It will be noted that the shielded 

guarded valhes are only a fraction of the unshielded 
unguarded values at the higher stresses. 

It will be observed that the leakage current and watt 
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i!' „ 1& ~ Vasi " I0N of D-c- (Battery) Charact B r ISTI cs 
on Shielded Reel of New Paper-Insulated Cable 

battery. ^emteratL^g fr0m U 8“age 

local atmospheric conditions at the ends of the cable 
These results lead the author to believe that nearly 
all laboratory tests on cables and other insulations under 
d-c. stresses must be made with shields as well as guards 
m order to secure true and accurate results. Further, 
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Fig. 9 Shield for Measuring Instruments 


m a i 50 kv r ^shielded, unguarded are 43 times the 
shielded guarded, or true values. 

. , Flg - 12 shows Ihe comparisons between the character¬ 
istic curves of insulation resistance against voltage 
stress with and without shields and guards. From an 
inspection of Fig. 12, it appears that the curves of in¬ 
sulation resistance under the two conditions diverge at 
stresses far below the usual so called ionization point, 
mere is a marked divergence at 10 kv. d-c. It will 


ig. 11 Variation of D-c. (Battery) Characteristics of 
Shielded Reel of New Paper-Insulated C 4 ble 

Results of Fig. 10 plotted to larger scale 

it is believed that such shields are necessary at stresses < 
tar below the ordinary ionization point. 

The need for the shield is due to the fact that the end 
effects are composed of surface leakage and leakage 
through the air. The guard takes care of the surface 
leakage and the shield takes care of the leakage through 
the air at the end of the cable. 
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The use of guards or guard rings is an old practise 
and some observers have used shields for instruments, 
but the author believes that the use of shields on the 
cable or dielectric under test is new and also very vital. 
These shields and' guards are necessary in all cases 
where the end effects are of sufficient magnitude to 
interfere with the determination of the true d-c. leakage 
current through the insulation. ' 

The relative effects of the guard and shield have not 
been fully determined as yet. From such preliminary 
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Fig. 12—Curves Showing Effect of ShieldingcAnd Guard¬ 
ing on Measured Insulation Resistance of Reel of New 
Paper-Insulated Cable 

Tests on cable C (see Fig. 4). Voltage applied from high voltage 
battery. Temperature 26-29 deg. cent. (Includes data of Figs. 6 and 10) _ 

work as has already been done, it appears that the 
shield effect predominates over the guard effect under 
d-c. stresses and that this predominance is very marked 
at the higher d-c. stresses. 

An inspection of Figs. 10,11,13 and 14 indicates that 
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Fig. 13 —Variation of D-c. (Kenotron) Characteristics of 
Guarded Shielded Reel of New Paper-Insulated Cable 

k 

Tests on cable C (see Fig. 4). Voltage applied from kenotron. Tem¬ 
perature 26 deg. cent. 

with both battery and kenotron d-c. stress, the in¬ 
sulation resistance curves show a slight drop at the start 
before the general rising characteristic begins. It is 
thought that this results from either a residual electri¬ 
fication or a change within the insulation. This reverse 
action is perhaps important as indicating a complete 
change of conditions within the dielectric. 


The various curves presented show that the insulation 
resistance of modern paper cables under shielded 
conditions is exceedingly high and increases with in¬ 
creasing applied d-c. stress up to certain limits. From 
the operating standpoint, perhaps it may be worthwhile 
to have a certain amount of leakage in a long cable'to 
act as a safety valve when the line is subjected to a 
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Fig. 14 —Variation of D-c. (Kenotron) Characteristics of 
Guarded, Shielded Reel of*New Paper-Insulated Cable 

Results of Fig. 13 plotted to larger scale 

high transient voltage. In other words, perhaps 
certain amount of leakage acts as a stabilizer provided 
that in obtaining this leakage there is no unnecessary 
sacrifice of dielectric strength. 

Comparison of Battery and Kenotron Tests. Shielded 
guarded Figs. 10 and 11 obtained by use of the Cruft 
high-voltage battery may be compared with Figs. 13 
and 14 by kenotron, for the 800-ft. length of 15,000 
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Fig. 15 —Comparison of Watt Inputs with Kenotron and 
Battery on Shielded Reel of New Paper-Insulated Cable 

Data of Pigs. 10 and 13 

volt paper cable C. The results are quite similar, 
hut the watt input with the kenotron is a little higher 
than that with the battery source. This is shown by 
Fig. 15. It is believed that this is due to the ripple of 
the kenotron wave. 

From this the third conclusion is drawn, that the 
watt input to the insulation of a paper cable under 
d-c. stress, at a given temperature, depends upon the 
character of the voltage wave; the greater the ripple 
the greater the watt input. This would agree with the 
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accepted fact that the watt loss in a dielectric increases 
with frequency. In other words, the watt loss in a 
dielectric at given ambient temperature ranges from a 
minimum on direct current with wave form better than 
that supplied by battery, to a maximum at high 
frequency. • & 

A-c. Dielectric Logs Tests, Shielded and Unshielded. 

The failure of insulation is largely a matter of heat 
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difference between the unshielded unguarded value 
and the shielded guarded one. as previously outlined 
m the case of the d-c. tests. The relative effect of 
shield and guard is very difficult to obtain because all 
guards act as shields. Leakage taking place 1 /I000 of 
an in. above the surface of the paper is leakage through 

An f g 1 Uard nng interce Pts this as well as the 
rue surface leakage. All tests made so far have shown 
different values with and without shields even if guard 
rings were left on during the latter condition. 

he error of 34 per cent in the unshielded unguarded 


35 40 45 50 

Fig. 16—Variation op Watts*End Loss with D-c. Voltage 
(Battery) on Reel op New Paper-Insulated Cable 

Tests on cable C (see Pig. 4). Voltage applied from high-voltage 
battery. Temperatures 26-29 deg. cent. Data from Pigs. 6 and 10 

and its relative distribution in the material. Under 
d-c. stress the watt input and the consequent heating is 
very slight in comparison with that under so called 
equivalent a-c. stresses. 

Fig. 17 shows the curves of a-c., 60-cycle watt input 
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18 ~I ARIAT “ N 0F Watts e *b Loss with 60-Cycle Volt¬ 
age on Short Length op New Paper-Insulated Cable 

Prom data of Pig. 17 

measurements indicates the necessity for using shields 
and guards in making measurements of a few watts 
loss under stresses around 24,000-volts a-c. From this, 
it may be deduced that unshielded unguarded watt 
loss measurements on cable samples of 10 ft. or less 
under a-c., 60-cycle, 24,000-volt stresses might be 100 
per cent in error. The author believes that this is 
one of the reasons why dielectric loss measurements 


Fig. 17 Variation op Watt Inputs with 60-Cycle Volt¬ 
age on Short Lengths op New Paper-Insulated Cable 
Shielded and Unshielded 

ma . de on cable 15,000-volt, three conductor, 300,000 cir mils 
belt3/32in" lmPre8nated ’ 24 f *' 1<mB ' Conduotor insulation 7/32 in.,’ 
Voltage applied from 60-eycle source. Temperature 25 deg. cent. 

(dielectric loss) against voltages stress for a 24-ft. 
length of 15,000-volt paper cable G with and without 
shields and guards. On such a short cable the a-c., 
60-cycle end losses are not negligible and shields and 
guards are necessary to insure proper accuracy of 
dielectric loss measurements at stresses above the 
ionization point. 

The term end loss as used is the total end loss or 



Fig. 19 Variation op D-c. Characteristics (Leakage 

URRENT, NSULATION RESISTANCE, AND WATT INPUT WITH 

Voltage) at Two Temperatures op Unshielded Reel *of 
New Rubber-Insulated Cable 

insulation^ 505 feet bmg 6 E ' 10 ’ 00 °- VOlt - Stogle conductor, 4/0, 7/32 in. 
Voltage applied from kenotron 

taken at different laboratories and more especially those 
on short lengths of cables as against long lengths, have 

sometimes failed to agree in the past. 

From the foregoing results the fourth conclusion has 
been drawn that it is necessary to use shields as well as 
guards in making tests on short cable samples* to 
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determine the a-c. electrical characteristics, such as 
dielectric loss of cable insulation under voltage stresses 
above the ionization point. 

Fig. 18 shows the variation of total watt end loss with 
voltage stress. This loss is made up of surface and air 
electrical leakage as in the previous cases. Further pre¬ 
liminary tests have indicated that the guard effects 
vary depending on the relative position of the guard 
ring to the copper conductor and the lead sheath. 

Ionization Point is Indeterminate. It will be ob- 


5 20 











•S| 






-1 

“1 







\» 





1 


m 







l&J 



3 

s 




l k 



o 




\I 



u 

i 



13. 



,L 


T“ 

_7 



Jll 

a 


ET 


% 



g 


T~ 


X 


/ 

~P~ 


1 



s 


/ 


2 








reality, local air breakdown. This is supported by the 
tests with direct current On paper and rubber cables 
as well as by the a-c. tests on paper cable. In all 
cases the curves with and without shields and guards 
diverge at the lower values of stress below the commonly 
accepted ionization point. • 

From this, it may be deduced that the air conducts at 
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Fig. 20 —Variation of D-c. Characteristics at Two 
Temperatures of Unshielded Reel of Old Rubber-Insu¬ 
lated Cable 

Tests made on cable F, 10,000-volt, single-conductor, 4/0, 7/32 in. 
insulation, 319 feet long. 

Voltage applied from kenotron 


Fig. 22 —Variation of D-c. Characteristics of Unshielded 
Length of New Rubber-Insulated Cable 

Data of Fig. 21 plotted to larger voltage scale. 

all stresses both direct current and alternating current 
and that ionization points represent local air break¬ 
down due to the local physical circuit, atmospheric and 
stress conditions. 

Tests on Rubber-Insulated Cable 
Tests similar to those on the paper-insulated cables 
were made also on rubber-insulated cables. 

Insulation Resistance Varies with Voltage Applied. 
A new and an old rubber cable showed the same general 


Fig. 21 —Variation of D-c. Characteristics of Unshielded 
^ Length of New Rubber-Insulated Cable 

Tests made on cable H, 10,000-volt, single-conductor, No. 6, 7/32 in. 
insulation, 89 feet long 

Voltage applied from kenotron 

served that the difference between the shielded guarded 
and unshielded unguarded measurements steadily in¬ 
creases with increasing stress. The difference probably 
represents the increasing air loss at the ends of the cable. 
„ It will be noted that these curves (Fig. 17) diverge at 
even the lower stresses, as in the case of the previous 
d-c. tests shown in Fig. 12. 

From this and the previous results, the fifth conclu¬ 
sion is drawn: that the so called ionization point is very 
variable depending upon the physical circuit together 
with the atmospheric conditions, and represents in 



Fig. 23 —Variation of D-c. Characteristics of Shielded 
Length of New Rubber-Insulated Cable 
Tests made on cable H (See Fig. 21). Voltage applied from kenotron 

insulation-resistance-voltage-stress characteristic at 
25 deg. cent, as did the paper-insulated cables. Figs. 19 
and 20, giving results of tests on cables E and F, 
respectively, illustrate this. 

A series of d-c. tests by kenotron was made on an 
89-ft. length of new 10,000-volt rubber cable H, 
both with and without shields. In these tests, the 
stresses were carried up to the breakdown point. The 
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results are shown by Figs. 21, 22, 23, 24 and 25. The cable It will 

o““‘ *" ^ ~ V« Of Lt, 

From the curves, it will be noted that the insulation- byFiTS ^ 
resistance-voltage-stress curve, at room temperature, Thfuseofshi 
continually falls from .the 10-kv. point It is nmKahio „ . h 

that at stresses below 10 kv., the curve would show a eC6SSary m ma] 
rising characteristic. 

It is apparent that the leakage current and input 28 [Z 


1 mA ll W ' U U ' observed thal tie true loss is only 
. aPPare S ° r ^guarded loss at 

by Kg 25. relation is shown 

„ J? e USe -° f shl , e l ds as wel1 as gear* is thus absolutely 
ecessary m making d-c. measurements on short rubber 
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Exg. 24—Variation of D-c. Characteristics op Shielded 
Length op New Rubber-Insulated Cable 

Data of Pig. 23 plotted to larger voltage scale 

watts rise very rapidly after the critical point of 60 kv 
is reached under the unshielded condition. This is 
probably due to the ionization of the external air 
surrounding the ends of the cable. 

°Z the hand ’ the abrupt rise under shielded 
conditions does not occur until 70 kv. is reached This 
must be due to the ionization of the air entrapped in the 


-rv 'JU OU 70 

D-C. KILOVOLTS 

C™"JT VARIAT10N D " C ‘ Chaeacte mstics (Leakage 
Current, Insulation Resistance and Watt Input with 

Insulator UnSHIELDED 27,000 -Volt Pin-Tvpe Line. 
» Voltage applied from kenotron 

cables at high stresses in order not only to insure the 
accuracy of results but to determine the true character- 
istics of the cable insulation. 

Insulation Failure. Fig. 23 shows the true shielded 

guarded msulation-resistance-voltage-stress curve from 

To live side of supply^ 



Lead Cable- 


Insulator 
' Shield 
^Insulating 
Compound 
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Fra. 25 Comparison op Ccbves of Watt Input with D-c 
B»»»-I»suua,»u Cable, Shielueu an. 

Tests on cable H (see Pig. 21). Data of Pigs. 21 and 23 

Hnw+U ltS ! lf - n WouId tlms a PP ear that the ioniza- 
tion of the external air around the cable ends takes place 

tinu r ! ^ 6 10 “ zatl0n of the air entrapped in the insula- 
n, unless the test results are seriously modified by 
the action of surface leakages. 7 

Effect of Shields. The effect of shielding and guarding 
s very marked in these tests as in the case of the paper 


‘—l Shielded Instrument Box 

Galv.Pm , 7 

- n _1__Mhermojunction 

4 

Fig. 28—Diagram op Connections for Measurements on 

bHIELDED LlNE INSULATOR 

10 to 85 kv. Under the shielded condition, at ap- 
PDinatety84 kv., the curves of leakage and watt 
input are rising very rapidly and are nearly perpendic¬ 
ular to the abscissas (voltage stress). This, of course 
indicates that the dielectric is about to fail. As a 
matter of fact, failure did take place at 85 kv. Upon 
examination this new rubber cable was found to be 
literally riddled with incipient faults. The rubber 
insulation had been stressed far above its safe or 

electrical elastic limit, and a general deterioration had 
S 6 t in. 

This leads to the sixth conclusion, that the better,. 
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i. e., the more uniform the dielectric, the greater the 
tendency for the material to break down in its entirety 
rather than at a single point. Practically, of course, no 
dielectric is perfectly homogeneous, so that failure will 
take place at the weakest spot or spots. From this it 
might be deduced reasonably that the better the in¬ 
sulation the more care should be taken not to oyer- 
stress it. Such over-stressing, while not producing 
actual failure, must deteriorate and weaken the whole 
insulation. It might he further deduced from this that 
there must be an electrical elastic limit in dielectrics 
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Fig. 30—Variation of D-c. Characteristics of Shielded 
27,000-Volt, Pin-Type Line Insulator 

r»' 

Same insulator as in Fig. 27. Voltage applied from kenotron 

analogous to the physical elastic limit in metals. If the 
stress exceeds this limit a strain and eventual failure is 
the result. 

Tests on a Line Insulator 

Besides the tests on paper and rubber cables a similar 
series has been made on a 27,000-volt porcelain line 
insulator, both with and without shields. Fig. 28 
shows the diagrammatic arrangement. 

Results of D-c. Tests. Figs. 27 and 80 show the d-c. 
^unshielded and shielded test results. It will be noted 
that the shielded insulation-resistance-voltage-stress 
curve has a slowly falling characteristic from 20 kv. 
upward. It is believed that this curve would have been 
nearly flat if the shield had been brought closer to the 
porcelain. 

From these curves, it will be noted that the shielded 
value of insulation resistance falls rather slowly and that 
the watt input is not increasing very rapidly at 70 kv., 
which is a low stress for the insulator. The porcelain 
apparently presents a more nearly constant resistance to 
electrical stress than impregnated paper and rubber 
insulation. 

ft 

The unshielded curves show the effect of the electrical 
leakage through the air around the outside of the in¬ 
sulator. At 60 kv. the leakage and watt input curves 
rise very abruptly as in the case of the rubber cable. 
This is probably due to the ionization of the external 
surrounding air. The shielded curves (Fig. 30) of 
leakage current and watt input do not even show a 
rapidly rising characteristic at 70 kv. direct current. 

Results of A-c . Tests. Fig. 31 shows the results for 
the same insulator under a-c., 60-cycle stresses. These 


results indicate that shields are necessary to obtain 
true*readings under a-c., 60-cycle stresses. 

It will be noted that the impedance voltage-stress 
curves are nearly flat, perhaps indicating that the in¬ 
sulator is well within its safe electrical stress limits. 
If, in future tests, these curves <jan be carried through 
the lower and higher ranges, undoubtedly new and 
valuable data can be obtained. 

Remarks and Suggestions 

In all these tests and researches, the attempt has been 
made to determine the insulation-resistance-voltage- 
stress curve and the watt-input voltage-stress curve. 
It is believed that if such curves can be obtained for 
various insulations under electrical stresses, both 
direct current and alternating current of various 
frequencies from zero to breakdown at several tem¬ 
peratures, then the way will be opened for the practical 
study and determination of dielectric action under 
electrical stress. 

The work covered by this paper involved for the most 
part d-c. stresses and it is not known how far the results 
reflect the action of the insulating material under a-c. 
stresses. From the d-c. standpoint,. it might well be 
argued that the insulation-resistance-voltage-stress 
curves are a measure of insulation condition. As long 
as the resistance increases with increasing voltage 
stress the insulation might be said to be on the safe side. 

The maximum value would then be the electrical 
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Fig. 31— Variation of Current and Impedance with 
60-Cycle Voltage on 27,000-Volt, Pin-Type Line Insulator, 
Shielded and Unshielded 

Same insulator as in Fig. 27. Voltage applied from 60-cycle source 


elastic limit and the falling portion of the curve would 
represent the tendency of the insulation to deteriorate 
or electrically age. A sharp drop in the insulation resis¬ 
tance curve would indicate impending breakdown. 

If this d-c. picture represents also the a-c. situation 
then a new means is provided for studying insulation 
under electrical stress. A large amount of a-c. research, 
however, must be conducted and matched against the 
direct current before these conclusions are justified. 

The problem is further complicated because the d-c. 
insulation-resistance-voltage-stress curves vary widely 
with temperature, and the application of the higher 
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a-c. stresses produces a temperature change in the 
insulation. 

The author believes that continuation of this line 
of investigation will open the way for a real practical 
study of dielectric phenomena. 

Data on Test Methods, Istruments, Etc. 

All tests and research work ,,were carried on by the 
Standardizing and Testing Department of The Edison 
Electric Illuminating Company of Boston except those 
recorded in Figs. 3, 4, 5, 19 and 20, which were made by 
graduate students of the Massachusetts Institute of 
Technology at the suggestion of the Standardizing and 
Testing Department. 

The tests and research work were performed at the 
substations and laboratory of the above company, at 
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the Massachusetts Institute of Technology, and at the 
Urutt Laboratory of Harvard University. 
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Studies on Sparking in Air 
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Synopsis. Sparking voltages and gradients in air between 
spheres of unequal diameters and between two cylinders placed with 
their axes perpendicular to each other in space [called cross-cylinders) 
have been determined. Complete tables giving the coefficients of 
gradient corresponding to any given spacing and radii, have been 
tabulated, the formulas used being those of Kirchhoff and Russell, 
or cross-cylinders, an approximate formula has been developed. 


In the theoretical discussions, the more definite form of the theory 
of ionization by collision as given by Bergen Davis has been extended 
to the sphere-gap and a relation has been deduced to account for 
the variation of the sparking gradient as investigated in the first 

V fZL°{ vZ° r » ^ iS in substantial agreement with those 
found by F. W. Peek, A. Russell and others. 


Introduction 

S PARKING voltages and gradients between needle¬ 
points and spheres have been measured by many 
+ investigators. It has been theoretically shown 1 
that the relation between the sparking voltage and the 
spacing, when the spacing is so large that corona pre¬ 
cedes a spark-over, should conform to a linear law. 

vwV 11 fact ’ the case for the needle-gap, as shown by 
* -^ ee k 2 and others. For spheres, it has also been 
shown by Peek 3 and A. Russell* that for large spacings 
under twice the radius of the spheres, the results seem 
to indicate a constant sparking gradient for a given size 
of spheres when both of them are insulated and are at 
equal and opposite potentials, the middle of the high 
voltage winding of the transformer being connected to 
earth. As for the case when one of the spheres is 
grounded with the high potential applied -to the other 
insulated sphere, all experimental data seem to contra- 
dict this v iew. 3 ' 12 In this case, the sparking gradient 

‘Worcester Polytechnic Institute, Worcester, Mass. 

1* For all references see Bibliography. 

Presented at the Regional Meeting of District No. 1 of the 

A. /. E. E., Pittsfield, Mass., May 25-28, 1927. Complete 
copies upon request. 


decreases rapidly at first and then gradually increases 
with the spacing. 

The existing theory to explain these phenomena is 
mainly due to Peek, who assumes that air has a con¬ 
stant dielectric strength, an assumption iairly well 
borne out by the corona measurements on concentric 
cylinders and parallel wires. Inasmuch as this theory 
was extended from the phenomenon of corona, it seems 
advisable to study the problem of sparking in air by 
using different kinds of electrodes, namely, two spheres 
of unequal diameters and two cylinders placed with 
their axes perpendicular to each other in space (called 
cross-cylinders,. for brevity) to see if similar relations 
exist and to derive a law for sparking based on the more 
definite form of the theory of ionization as first formu¬ 
lated by J. S. Townsend and later extended by Bergen 
Davis to the corona measurements on concentric 
cylinders and parallel wires. It is thus seen that the . 
present investigation falls into two parts: namely, the 
determination of the sparking voltages and gradients 
for the above types of electrodes, and the formulation 
of a theory to explain the more or less empirical re¬ 
lation of Peek and Russell based on the known laws of 
ionization by collision. 
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Part I 

Sfarking Voltages and Gradients Between Un¬ 
equal Spheres and Between Cross-Cylinders 
Formulas and Tables for the Calculation of the Maxi¬ 
mum Gradients between Unequal Spheres and Cross- 
Cylinders. The case of two conducting spheres is of 
classical interest, being among the problems first suc¬ 
cessfully solved by Poisson by using his famous integral. 
Clerk Maxwell 13 also gave a solution but it was too 
complicated to be of any service in a numerical work. 
The first workable formula was given by Kirchhoff 14 . 

It was put in a manageable form by A. Russell 15 , 
who proved the case for two equal spheres by the 
method of an infinite series of images, while G. R. 
Dean 16 solved the same problem Toy using hyperbolic 
functions and zonal harmonics. In the appendix 4 - to 
follow, it will be shown how Russell’s reasoning can be 
extended to the general case of two spheres of un¬ 
equal diameters. From the proof it will be seen that 
the gradient at the surface of the spheres on the line 
of centers may be calculated from the following 
relations: 

Gi = ViFu/X-VtFti/X 

and " 

G 2 a V,F n /X- ViFu/X 

in which X = spacing between the spheres, G 1 = the 
gradient at the surface of the smaller sphere, Vi = the 
voltage on the smaller sphere, and G 2 and V 2 , the cor¬ 
responding values for the larger sphere. The different 
F’s will be called coefficients of gradient. The double 
subscript adopted is similar to the notation used in 
electrostatics for the coefficients of capacity, or of 
induction, or of potential. By giving appropriate 
values to the different V’s, these general formulas 
will be found to be applicable to the different arrange¬ 
ments that are investigated: namely, when Vi = -V 2 
1 V/ 2, the case when both spheres are at equal and 
opposite potentials, V being the potential difference 
between them; and when Vi = 0 or when V 2 = D, 
the two cases when one of the spheres is grounded. 
Thus for the case when both spheres are insulated and 
are at equal and opposite potentials, the two coefficients 
of gradient may be taken as: 

Fi = (F ii + F n )/ 2, and Ft = (F 22 + F»)/2, 

respectively. 

IThe various F’s are expressed in convergent series, the 
arguments of which are functions of the ratios b to a, 
ratio of padii, and X to a, ratio of spacing to the smaller 
radius. The values for these when b - a, i. e., when 
the spheres are equal, have been given by other in- 
„ vestigators 17 . 

For ready reference and interpolations, Figs. 1, 2, 3 
and 4 giving values of Fu, Fn, F 22 , and F^ are herein 
attached. 

For the case of cross-cylinders, because of the lack 
of symmetry, it was not possible to obtain an exact solu- 

*For mathematical appendixes, see original paper. 


tion of the problem by using known methods of mathe¬ 
matical analysis. In Appendix II, an attempt has been 
made at an approximate solution, the basic principle 
of which is quite similar to that employed by Dean 18 
in deriving an approximate solution for two equal 
spheres. It will be seen that for the case in which both 
equal cylinders are insulated and are at equal and oppo¬ 
site potentials, the coefficients of gradient F are given 
by the following table of values, using which the values 
of the maximum gradient can be calculated from the - 

relation: _ 

G = V2VF/X 

where G is the gradient, V the effective potential 
difference, and X the spacing. 

Apparatus, Method of Measurement, Etc. Five sizes 
of spheres were used in the investigation, their diameters 
as measured by calipers being 25.0 cm., 20.2 cm., 15.0 
cm., 10.0 cm. and 5.tife cm. They were made by 
soldering together two hemispherical bowls that were 
spun from copper. Their shape was quite satisfactory, 
as measurements of the eufvature by means of a sphe- 
rometer did not vary more than one per cent. The 
shanks were brass tubes, projecting 60 cm. from the 
spherical surface, each tube having a diameter about 
one-eighth of that of the sphere to which it was fitted. 
For the determination of sparking between a sphere and 
a plane, sphere of infinite radius, two sizes of plane 
surfaces were used, one being about 50 cm. in diameter 
and the other 150 cm. At short spacings, it was found 
that the determinations were practically the same, 
using either plate. Only when the spacing became 
large, about one-sixth of the diameter of the plate, 
did deviations begin to appear. From this, it was con¬ 
cluded that with the 150-cm.’ plate, the sparking 
voltages as measured might be assumed to be indepen¬ 
dent of the diameter of the disk for spacings smaller 
than 25 cm., which was the upper limit contemplated 
in the investigation. The small disk, 50 cm., was a 
cast iron plate with the surface carefully scraped. The 
larger circular plane, 150 cm., was made of galvanized 
sheet iron.with a %- in. (2-cm.) lead tubing soldered all 
around the edge. 

Three pairs of cross-cylinders were used: one pair 
with 25-cm. in diameter being 48 in. (122 cm.) long 
excluding the hemispherical ends, and the other two 
pairs, both 5 in. (12.7 cm.) in diameter, being in two 
different lengths, namely, 24 in. (61 cm.) and 48 in. 
(122 cm.), respectively. They were supported hori¬ 
zontally at the ends at about four feet (120 cm.) from 
ground. 

The method of voltage measurement was by com¬ 
parison with a pair of standard 25-cm. spheres, the 
sparking curves being those given by the A. I. E. E. 
' standards. Two transformers, both having the center 
of the high voltage winding grounded, were first cali¬ 
brated against the 25-cm. sphere-gap to determine 
■ their ratios of transformation. Knowing these, the 
sparking voltages on unequal spheres and cross- 
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Fig. 1 Coefficient of Gradient for Two Spheres. 


Values of F n 




) 



. Values of F 21 
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cylinders were determined from the readings on the 

raLeI°ofX f ^ f ° f the transformer - The voltage 
ranges of the transformers were approximately 150 kv 

kvTmoTJtV” the So 

kv. or 500 kv between terminals for the larger unit 
cor mg to whether the low voltage side was connected 




The 


£ * * * - ' ^ J xivxwi OAJ.lUOLJJ.Uc 

frequency was 60 cycles. 

In all of the determinations, the atmospheric density 
was corrected for. The correction factor was taken to 
e simply 3.92 B [(273 + t) to reduce all observations to 
the standard condition of 76 cm. Hg and 25 deg. cent., 
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B being the barometric reading in cm. Hg and t the 
temperature in degrees centigrade. 

Experimental Data and Results. In the following 
tables, the coefficients of gradient have not been en¬ 
tered, their values being interpolated from the curves 
constructed from the tables of values already given, 
Figs. 1, 2, 3, 4. Calculations for the gradients were 
made only for cases in which the spacing was uifder 
twice the radius of the smaller sphere, as beyond this 
spacing there was good reason to suspect the formation 
of corona before a spark-over so that similar computa¬ 
tions would become meaningless. 

Each value is the average of five consecutive readings. 
Unless otherwise indicated, deviation from this average 
is small and negligible. 

The symbols at the head of each column are: 
a and 6 = radii of spheres, in cm., 

" X = spacing between the spheres, in cm., 

V = sparking voltage when both spheres are in¬ 
sulated and are at equal and opposite potentials, in 
kv. eff., 

Vx = sparking voltage when small sphere is insulated 
and the large one grounded, in kv. eff., 

Vi = sparking voltage when large sphere^is insulated 
and the small one grounded, in kv. eff., 

Gi = V~2 VFi/X; Gn-V2ViFu/Xi and G n 
= V 2 Vi Fii/X are the maximum gradients at the 
surface of the small sphere corresponding to the three 
arrangements, in crest kv. per cm.,_ 

Gi = V2 VFi/X; Gn = V2 ViFn/X; and 
Gii = V 2 Vi Fn/X are the corresponding maximum 
gradients at the large sphere, in crest kv. per cm. 

Summary of Results. Part of the above data has been 
plotted into several sets of characteristic curves. From 
these (Figs. 5, 6, 7, 8) the following points may be 
inferred: 

„ 1. Unstable Part of the Curves. There is a part in 

each sparking curve where the sparking voltage is not 
d efini te. These parts have been shown as dotted lyies. 
The irregularities at these portions are presumably due 
to the formation of excessive corona and begin at a 
separation somewhere around three or four times the 
diameter of the smaller sphere. 

r> 

TABLE IV 

COEFFICIENTS OF GRADIENT FOR CROSS-CYLINDERS 
Both Electrodes Insulated 

• X « spacing; a = radius of cylinder 


X/a 

F 

X/a 

F 

0.0 

1.00 

1.6 

1.23 

0.2 

1.01 

2.0 

1.29 

0.5 

1.06 

2.4 

1.35 

0.8 

1.10 

2.8 

1.41 

1.2 

1.17 

3.0 

1.44 


2. General Character of Curves of Series I, Both. 
Spheres Insulated, and Series II, Small Sphere Insu¬ 
lated. These two series as shown by Figs. 5 and 6, 
show that the more nearly equal are the diameters of 




the spheres the higher is the sparking curve. Thus 
the highest curve is the one for equal spheres as inter¬ 
polated from the data of the A. I. E. E. standards while 
the lowest curve is the one between a sphere and a plane. 

3. General Character of Curves of Series III, Large 



SPACING, CENTIMETERS 

Fig. 5—Sparking Voltages V Between Unequal Spheres 


Diameter of small sphere = 5.05 cm. 
Diameter of large sphere - 2b, as indicated 
Both spheres insulated 



SPACING, CENTIMETERS 

Fig. 6—Sparking Voltages Vi Between Unequal Spheres 

Diameter of small sphere = 5.05 cm. 

Diameter of large sphere = 2 b, as indicated 
Small sphere insulated; large one grounded 

Sphere Insulated and Small One Grounded. The same 
conclusions cannot be reached in this case as in the 
previous two cases. Fig. 7. When the diameters of the 
spheres do not differ greatly, the sparking curve bends 
over much more than the corresponding curves in the 


• • 

A' ' 











— -- 




Oct. 1927 


other two series. A probable reason for this will be 
given when the sparking gradients are studied. It 
will also be seen that the sparking curve between a plane 
and a sphere is again lowest. 
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Fig. 7- 




Fig. 8 Sparking Voltages Between Equal Spheres and 
Between Equal Cross-Cylinders 
Both, electrodesinsulated 

4. Sparking Gradients for Series I. From the tables, 
t is seen that the sparking gradients G x at the smaller 
iphere are very nearly constant for a given size of the 
mailer sphere within the range of the spacings investi- 


, general relation is: the smaller the radius, 

the higher the sparking gradient . 

5. Sparking Gradients for Series II. The values for 
Gn, i. e., when the smaller sphere is insulated, will be 

TABLE V 

UNEQUAL SPHERES 

_____ 2 a = 5.05 cm.; 2 5 = 10.0 cm.; b/a = l 98 


x* 

V 

Vi 

v 2 

1 Gl 

Gu 

Gn 

I G 2 

Gn 

G22 

2.03 

38.5 

39.8 

40.6 

38, 

.1 

40.6 

38.9 

27 

.0 

27.0 

29 .5 

3.05 

51.0 

50.7 

55.3 

38. 

8 

41.5 

39.0 

24, 

.4 

22.0 

29.0 

4.06 

61.0 

58.6 

67.8 

39. 

4 

42.7 

38.0 

[ 22 . 

,7 

18.4 

29.3 

5.08 
6 . 10 f 

69.4 

76.2 

64.5 

71.6 

78.5 

89.0 

39. 

9 

43.8 

36.7 

21 . 

8 

15.6 

30.2 

7.61 

85.5 

77.1 

104 









9.65 

95.8 

82.0 

121 









12.70 

107 

88.1 

138 









17.75 

125* 

101 * 

152 









22.85 

141* 

108* 

156* 

m 









formation rtlovol?*' gradien:t was not caiculated on account of the 
given. diVWUal readings varied cons iderably from the average value here 


TABLE VI 

UNEQUAL SPHERES 
2 g = 5.05 cm.; 2 b =20.0 cm.; b/a =4.00 


X 


-Sparking Voltages V 2 Between Unequal Spheres 

Diameter of small sphere = 5.05 cm. 

Diameter of large sphere = 2 b, as indicated 
Small sphere grounded; large one insulated 


2.03 

3.05 

4.06 

5.08 

6.60f 

7.62 

9.65 

12.70 

17.78 

22.86 


36.7 
47.2 

55.4 
62.0 

70.5 

76.5 

85.5 

94.8 
124 
134* 


Vi 


* 36.8 

46.4 

53.3 
59.0 
64.7 
70.1 
75.0 

80.3 

88.3 
99.0* 


U 2 


37.3 

48.2 
58.0 
65.8 

78.3 

84.4 
98.1 

118 

145 

171 


Cn 


38.7 
39.0 
39.4 

39.8 


Gn 


39.2 

39.7 

40.4 

41.5 


Gn 


38.7 

38.3 

38.7 

38.3 


G 2 


22.4 

18.5 
15.9 
14.2 


Gvz 


22.4 

17.4 
13.9 
12.6 


G 22 


23.2 

19.5 

17.8 

17.18 


TABLE VII 
UNEQUAL SPHERES 


X 

V 

V: 

u 2 

Gi 

» G 11 

Gn 

g 2 

Gi 2 

1 g 22 

2.03 

34.8 

35.1 

35.1 

38.8 

39.2 

1 39.1 

18.6 

18.8 

18.7 

3.05 

43.0 

43.3 

43.3 

38.7 

39.0 

I 39.0 

13.5 

13.7 

13.7 

4.06 

49.0 

49.4 

49.2 

39.2 

39.4 

39.2 

10.3 

10.4 

10.3 ' 

5.08 

54.3 

53.8 

54.3 

40.8 

39.9 

1 40.3 

8.22 

8.10 

8.15 

6.60f 

60.0 

59.4 

60.0 







7.^2 

62.5 

61.6 

62.3 







10.16 

67.2 

66.7 

67.5 







12.70 

75* 

72.4 

71.3 







17.78 

85* 

81.5 

85.2 







22.86 

100 * 

93* 

95.1 








2 a 


TABLE VIII 
UNEQUAL SPHERES 
= 10.0 cm.; 2 5= 15.0 cm.; b/a 


■■ 1.50 


X 


2.03 
3.05 
4.57 
6.60 
8.64 
10.16 
12.70fj 
15.24 
20.32 
25.40 


41.7 

59.4 

82.6 

104 

122 

132 

148 

163 

187 

206 


Vi 


41.8 

58.5 

79.0 

97.5 
110 
118 
128 
145 
152* 
145* 


V 2 


41.8 

59.4 

84.0 

112 

135 

151 

168 

178 

3.94 

203 


G 1 


34.4 

35.1 
36.3 

36.1 
36.0 
35.8 


G11 


34.7 
35.3 

36.7 

37.8 
38.5 
39.2 


Gn 


34.2 
34.5 

34.8 

33.9 

32.2 

31.3 


G 2 


30.3 

29.4 

28.5 
26.4 
25.3 

24.6 


Gn 


30.2 
28.4 
26. A 
21.1 
17.9 
16.0 


G% 2 


-!jr 

30.6 

30.1 

30.6 

32.2 
34.0 

35.7 


seen to increase somewhat with the spacing. This 
increase seems to be greater as the ratio of the radii, 
b/a, is more nearly unity. Thus for equal spheres, this 
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increase will be found to be greatest and for a plane and 
a sphere, it is almost entirely negligible. 


of the larger sphere, i. e., of (? 2 and G u , seems to be 
negligible since they vary between wide limits. It 


■ 


Influence of G 2 and G l2 . For the two series above probable that they do not have any primary effect 


discussed, the influence of the gradients at the surface causing the sparking, which, as already pointed out 


TABLE IX 

UNEQUAL SPHERES 
10.0 cm.; 2 6= 25.0 cm.; b/a = 2.50 


X | v V; 

■ V* ’ 

Gi 

0 n 

021 

02 

Gu 

022 

2.03 ! 42.0- 41 

8 41.8 

35.6 

35.2 

35.2 

28.3 

28.6 

28.3 

3.05 1 58 i3 57 

4. 57.8 

36.1 

36.0 

35.3 

26.0 

25.2 

26.1 

4.57 : 77.0' 75 

1- 77.6 

36.2 

36.3 

35.2 

22.6 

21.2 

23.7 

6.60 : 06.5 92 

1 ! 101 

36.2 

37.1 

35.2 

19.7 

17.0 

22.5 

8.64 i 112 | 104 

; 121 

36.4 

37.7 

34.8 

17.9 

14.1 

22.4 

10.16 ' 122 112 

135 

35.7 

i 38.5 

34.2 

17.1 

12.5 

22.5 

12.706137 122 

157 


| ! 





14.73 14% 

173 







18.29 . . 136 



* 





21.34 1 173 

| 







25.40 : 184 .142 









TABLE X 

UNEQUAL SPHERES 
2 a — 10.0 cm.; 2 b = oc; b/a — oo 


X 

V 

i Vl ! 

Vt 

Gi 

611 I 

021 

0 2 ; 

Gu 

Gn 

2.03 

39.9 

39.5 ! 

39.5 

35.7 

35.2 

35.2 

24,2 

24.0 

24.0 

3.65 

53.1 

53.2 

52.9 

35.4 

35.5 

35.2 

20 .2* 

19.6 

20.0 

4.57 

68 . S 

68.0 

68.5 

35.7 

35.2 

35.8 

15.8 

15.6 

15.6 

6,60 

82,6 

82.2 

82.0 

35.9 

35.7 

35.6 

11.7 

11.6 

11.6 

8.64 

92.4 

91.7 

92.5 

36.2 

36.0 

36.2 

8.89 

8.83 

8.90 

10.16 

99.6 

99.5 

99.5 

37.0 

36.9 

36.9 

7.55 

| 7.55 

7.55 

12.701 

108 

107 

108 







15.75 

no* 

116* 

117 






■ 

19.30 

122 * 

134* 

128 







25.40 

133* 

138* 

142 








TABLE XI 

UNEQUAL SPHERES 
2 a = 15.0 cm.; 2 6= 20.2 cm.; b/a = 1.345 


X 

V 

V* 

V 2 Gi • 

0 n 

Gn 

02 

012 

022 

2.03 

42.5 

42.4 

42.5 33.0 

32.9 

32.9 

31.8 

31.8 

31.8 

3.05 

60.7 

60.5 

60.6 33.0 

33.2 

32.7 

30.0 

29.7 

30.2 

4..57 

85.7 

84.1 

86.0 33.4 

33.7 

32.7 

29.2 

27.8 

30.2 

6.60 

113 

108 

117 33.6 

34.3 

32.5 

28.2 

25.1 

31.3 

8.04 

137 

129 

146 34.0 

35.3 

32.2 

27.4 

23.2 

3E.6 

10.67 

157 

143 

171* 34.0 

35.9 

31.2 

26.7 

20.2 

34.1 

13.71 

1S2 

160 

198 34.1 

36.8 

28.5 

26.1 

17.1 

35.7 

15.24 

191 


34.8 


! . ■ 

25.8 



16.70f 

. . 

172 







I9.30 

21S 

182* 







22.86 

.. 

199* 







25.40 

24S 

205* 








TABLE XII 
UNEQUAL SPHERES 
2a = 15.0 cm.; 2 6 = x; b/a = 


012 { (?22 


33.8 | 34.0 
34.0 33.7 


TABLE XIII#> 
UNEQUAL SPHERES 
= 20.2 cm.; 2 6 = co; b/a — 


X 

V 

Vi 

V 2 * 0i 

0 n 

021 

02 

012 

022 

2.03 

41.1 

40.0 

41.5 32.4 

31.6 

32.7 

26.7 

26.8 

26.9 

3.05 

59.0 

58.1 

58.3 32.9 

31.8 

32.5 

24.6 

24.3' 

24.4 

4.57 

80.7 

80.1 

79.9 32.8 

32.6 

32.5 

21.5 

21.3 

21.2 

6.60 

104 

104 

103 33.0 

32.8 

32.5 

18.1 

17.9 

17.8 

8.64 

123 

122 

122 33.0 

32.8 

32.8 

15.2 

15.1 

15.2 

10.67 

137 

136 

138 32.8 

32.8 

33.0 

12.9 

12.8 

13.0 

13.21 

153 

151 

154 33.3 

32.8 

33.4 

10.8 

10.8 

10.9 

16.25 

168 

165 

172 33.6 

33.0 

34.4 

8.83 

8.65 

9.05 

20.32f 

183 

180 

190 






25.40 

196 

194 

214 







STABLE XIV 
UNEQUAL SPHERES 
2 a = 25.0 cm.; 2 6 = oo; b/a 


X 

V 

1 Vi 

v 2 

01 

• 

0 u 

021 02 

012 

022 

2.03 

41.0 

41.0 

41.6 

31.5 

31.5 

31.5 27.0 

27.0 

27.1 

3.05 

58.6 

58.4 

58.2 

31.6 

31.4 

31.4 25.1 

25.0 

24.8 

4.57 

82.2 

81.3 

81.9 

31.7 

31.5 

31.6 22.5 

22.2 

22.4 

6.60 

107 

106 

108 

31.4 

31.4 

31.6 19.0 

19.0 

19.4 

9.15 

131 

133 

135 

31.0 

31.5 

31.9 15.9 

16.1 

16.3 

11.18f 

147 

150 

152 

31.0 

31.5 

31.9 13.9 

14.2 

14.4 

13.71 

165 

168 

172 

31.3 

31.7 

32.6 12.0 

12.2 

12.5 

17.27 

186 

188 

195 

31.6 

32.1 

33.3 9.83 

10.0 

10.4 

21.34 

205 



32.3 


8.00 



25.40 

221 



32.8 


6.72 




TABLE XV (A) 
CROSS-CYLINDERS 
Diameter = 12.7 cm.; net length = 61 tm. 
Both Electrodes Insulated 


X 

V 

h 0 

X 

V 

G 

— 




• 




2.23 

45.7 

30.3 

7.14 

134 

30.4 


3.17 

* 64.3 

30.1 

9.65 

169 

30.0 


4.32 

88.5 

30.5 

11.15 

188 

29.6 


5.86 

113 

30.4 

12.50 

192* 




* Sparking across the ends; not reliable. 


TABLE XV (B) 
CROSS-CYLINDERS 
Diameter = 12.7 cm.; net length = 122 cm. 
Both Electrodes Insulated 


X 

V 

0 

X 

V 

0 

2.74 

55.8 

30.3 

9.75 

171 

30.3 

3.83 

77.7 

30.3 

11.86 

195 

30.1 

4.95 

96.7 

30.5 

14.00 

221 

29.7 

6.43 

122 

30.7 

15.40 

242 

30.2 

7.95 

145 

30.5 

16.50 

255 

30.3 


TABLE XVI 
CROSS-CYLINDERS 
Diameter = 25.0 cm.; net length = 122 cm. 
Both Electrodes Insulated 


X 

V 

■ G ■ 

X 

V 

0 

2.62 

54.5 

29.7 

9.60 

179 

28.5 

3.81 

77.7 

29.1 

12.38 

221 

28.2 

5.03 

99.5 

29.4 

14.40 

245 

27.8 

7.95 

151 

28.5 

17.60 

291* 



K.r. 




■ 


! 




* Sparking across the ends; not reliable. 
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seems to be mainly governed by the gradients G 1 and 
Cr n at the smaller sphere. 

7. Sparking Gradients for Series III. For the third 
series namely, that in which the smaller sphere was 
grounded with the high voltage applied to the large 
sphere, the sparking gradient G tl at the surface of the 
smaller sphere sometimes increases. and sometimes 
decreases with the spacing while the values of G M 
i. e., the gradient at the larger .sphere, are not always 
smaller than G ai . In fact, for the cases in which the 
sparking curves in the third series bend over and inter¬ 
sect the others as noted in .(3) above, the gradient 
o 22 increases and finally becomes larger than G, ■ 

!w T ;t bl ? VI11 and XL In these cases i<; is probable 
that the law of sparking should be formulated to take 

account of the influence of both C 2S and G 2l . This is a 



1 Curve = Plot of Efr. (5) 
Points = Values from Eq. (6) 


>*10 20 *^ 30 40 ' 50 ' 60 

G * FIELD INTENSITY IN KV./CM. (STANDARD DENSITY) 


probable explanation why the curves in this series bend 
over much more than the corresponding curves of the 
other two series. 

_ 8. Comparison of Curves for the Three Series. 
When the same pair of spheres is used, it will be seen 
that the sparking curve is highest when the smaller 
sphere is grounded and lowest when it is insulated, with 
the case when both spheres are insulated and are at 
equal and opposite potentials falling in between the 
two. For the arrangement when one sphere has in¬ 
finite radius, i. e., a plane, all three curves are practi¬ 
cally the same. 

9. Data on Cross-Cylinders. The general relation 
-hat the smaller the radius, the higher the sparking 


ind & radie nt, has been found to be also true in the base of 
cross-cylinders. When the electrodes areatequal and 

,as ^ seemstobeacona tant 

ge fulaiVT f considered - As no mathematical cal- 
rge culation has been made to determine the snarkina 

M .fnTerlS‘ bounded, nothing can be 

l t. . ^ 1S arran ^ment. Measurements of 

£ bolev" ^ m b thiS arran g eni ent showed, 

he fejlnt from tl h ? M TOltages were not hr dif - 
ne terent from those determined for the former case of 

nt tion h it SU T t E d Because of the flux distribu- 

’ W1 de no ^ ed that the sparking curve for eross- 

V; cylmders ll f higher than the corresponding curve for 

'e be notT? “T radi “ S > 8 B fhonld also 
a cae» of o ’ '““T - '"' that thc sparking gradient in the 
_J® of „ cross -cylinders*is smaller than the corresponding 
value for equal spheres having the same radius. 

rom the data on the two lengths of the 12.7-cm 
cylinders, it will be seen that when the spacing was be- ' 
low one-sixth of the net length of the cylinder, no 
appreciable difference in the sparking voltage was 
observed by using either pair of electrodes. 

Part II 

.Theoretical Considerations 
Before proceeding to a discussion of the Davis theory 
of the corona, from which it will be shown how to 
derive the relation between the sparking gradient and 
the radius of the sphere, it would be advisable to give a 
bnef account of Peek’s theory of the sphere-gap so as 
to afford a ready comparison of the two. Peek 19 as¬ 
sumes that air has a constant dielectric strength G 0 . 
But to cause rupture, energy as well as gradient is 
necessary. Thus corona or sparking does not occur 
when the gradient at the surface of the electrode equals 
Go, because energy has not yet been supplied sufficiently, 
it is only after the gradient at a certain distance away 
from the surface of the electrode equals G 0 and hence- 
that at the electro le exceeds G 0 , that the energy supplied 
is great enough to cause a rupture. Thus due to curva¬ 
ture of the electrodes, the sparking gradient at the 
electrode with the radius a should satisfy a relation: 

G a = Go (1 + A/ V a) (i) 

in which A is a constant, G 0 the constant dielectric 
strength of air and a the radius. From his results on 
concentric cylinders, parallel wires and spheres. Peek 
finds that the values for G 0 vary somewhat for the three 
arrangements. He attributes this variation to thfe 
unbalancing of the field and claims that the dielectric 
strength of air is probably given by the value'Bl kv. 
per cm. as obtained from the determinations on con¬ 
centric cylinders where the field distribution is the same 
on all sides. In the case of parallel wires, there is some * 
unbalancing so that G {] becomes less, being only 29.8 
kv. per cm., while for spheres, the unbalancing is 
greatest, in consequence of which the value of G 0 is 
also lowest, being only 27.2 kw. per cm. 

Besides this difficulty and the rather indefinite 
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magnitude of the rupturing energy required by Peek’s' 
theory, it is also necessary to account for the variation 
of the sparking gradients in the cases when one of the 
spheres is grounded. Although arguments have been 
advanced to explain this variation, they are not at all 
convincing 20 . As Bergen Davis has demonstrated 
how the theory of ionization by collision can be applied 
to the corona formation around cylindrical conductors, 
it appears best to extend this to the case of the sphere- 
gap since our present knowledge and confidence in the 
electron theory is far greater than at the time of the 
deductions of Davis. 

According to this theory 21 : At atmospheric condi¬ 
tions, ionization of the gas molecules is primarily due 
to thecollisions with electrons. The ionizations caused 
by positive ions and photoelectric effects are very small 
and may be neglected. This ionization is cumulative 
and the formation of corona or a spark is governed by 
the condition: 


of the exponential integral. For values of G covered by 
the investigation, it is found that an empirical quad 
ratie relation represents the theoretical relation (2) 
very satisfactory. This relation is: 

a = C (G - Go ) 2 = 0.134 (G— 25) 2 (3) 

where G is in kv. per cm. The agreement between 
(3) and (2) is well shown by the* accompanying curve, 
Fig. 9. As relation (2) can not be used for integration 
in finite terms, relation (3) will be used. Also as 
G = Go y<?/y 2 , (3) can be written as 


a = CGo 


[f-J 


Substituting this into (1) and performing the indicated 
integration, it is found that 


n a 2 

og "»7»? 


- K- 83.7 . 




yo 

/* 


1 / 

G a 

V 2 Ga n 

J otdy 

a 

(1) 

+ 3 ( 

o Go 

) # Go M 


in which, 

n = density of electron at surface of sphere, 

n 0 = density of electron at a distance jf 0 — « from 
surface, at which ionization by collision is 
appreciable 

a = radius of sphere and 

a = no. of electrons produced by one electron in 
going through a distance of 1 cm. under a 
gradient of G kv./cm. 

To integrate (1), it is necessary to express a in terms 
of y. This can be done if the relation between a and G 
is known, because, as will be shown in the Appendix, 
for small distances away from the surface of the sphere, 
the gradient G varies inversely as the distance from the 
center of the sphere. Thus, if Go is the gradient at the 
point on the line of centers whose distance from the 
center of the sphere is y 0) and G a is the gradient at the 
surface of the sphere with radius a, then G a = G 0 y*/a 2 ', 
and, in general, if y is the distance of a point on the line 
of Centers from the center of the sphere, the gradient 
at y is G = G 0 yijy 1 = G a a?/y 2 , if y — a is small. 

Regarding the relation between a and G, Bergen 
Davis has developed a formula by considering the 
energy required for ionization. In terms of the ioniza¬ 
tion potential v and the mean free path L of the elec¬ 
trons, this relation takes the form: 

• 1 —^7 v ( v \ 

“ = L e + GD El \~ Gl) (2) 

where E i is the exponential integral. Using the value 
v = JL 0.2 volts as found by Bishop 23 and taking L as 
4 V2 times the mean free path of the molecules in air 24 , 
i. e., 4 V2 X 9.83 X 10 ~ 6 = 5.55 X 10 ~ 6 cm. for the free 
electrons in air, yalues of a can be calculated for dif¬ 
ferent G's. A calculation of this sort has been made 
using the tables of Jahnke and Emde 25 for the values 


In this form, the equation still contains a quantity 
Wo, of which nothing is known. If it is assumed for the 
present that the total number of electrons crossing any 
spherical surface completely enclosing one of the elec¬ 
trodes remains always the same, then the density of 
electrons on any such spherical surface will vary in¬ 
versely as the square of the radius. In the equation 
above given, it is then permissible to put the quantity K 
equal to a constant. Granting such an assumption, 
the theory then leads to the result that, the sparking 
gradient is a function of the radius of the smaller sphere 
only. 

In his theory of the corona, Davis had to do with a 
similar quantity which he assumed to be constant and 
equal to 6 for concentric cylinders and to 4.3 for parallel 
wires. If K is taken as 4 for the sphere-gap, it will be 
found that equation (5) agrees fairly well with the data 
given by the Institute standards and those of the present 
investigation when only the case of symmetrical ap¬ 
plication of voltage is considered, i. e., when both 
spheres are insulated and are at equal and opposite 
potentials. In fact, changing the square-root function 
to a quadratic function by the following empirical re¬ 
lation, which will be found to be accurate to within 
half of a per cent for values of X lying between 1 and 2, 
namely, 

Vi = - 0.071 X 2 + 0.630 X + 0.441 ( 6 ) 

the relation (8) can be put in the form: 


G a = ( 1.105 - 

With A = 4 and Go as 25, (7) at once becomes 

/ 0-52 \ 

G a = 27.6 ( 1 + ) 

\ a / a / 


0.288 VK\„ 

105 +-) Go 

V a ' 


* 
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whose similarity to the relation of Peek, viz., 

G a — 27.2 (1 -f- 0.54/\/ a) 
or to that of Russell, viz., 

Ga = 27.4 (1 + 0.515/\/ a) 
is very remarkable apd striking. 

Concluding Remarks 

It should be noted that in tHe above work, the value 
of K has been assumed to be constant. It is the sim¬ 
plest assumption. On closer examination, it will be seen 
that n 0 cannot be as simply related to y 0 as an inverse 
square relation. For instance, as shown by Davis in 
his theory, when the spacing is very short, the electrons 
moving outward will be taken up and neutralized by 
the other sphere and the process of cumulative multipli¬ 
cation at the surface of the sphere M will not take place 
as readily. _ In fact, for short «paeings, n a y<? decreases 
as the spacing (hence K increases) because of the dis¬ 
appearance of a number of electrons at the surface of 
the other electrode. It is therefore possible to explain 
the rapid increase of the sparking gradient as the 
spacing is decreased to very short values. Thus the 
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simple relation of Peek and Russell, which may be de¬ 
rived from the theory of Davis, appears to be merely* 
an approximation giving good results only for special 
cases, namely, when both spheres are insulated and are 
at equal and opposite potentials, in which case it is 
permissible to assume If to be a constant independent 
°t the arrangement. As for the cases in which one 
ox the spheres is grounded, the value of K is probably 
influenced both by the gradient at the surface of the 
arger sphere and the spacing between them, so that it is 
no longer a constant independent of the arrangement. 
On this account, it is thus also possible to explain why « 
the constancy of the sparking gradient is not of general 
validity. A point of interest to note is that the. smaller 
value of G 0 , Peek’s notation, for spheres, viz., the 
value 27.6 as against 31 for concentric cylinders or 
29.8 for parallel wires, is a natural consequence of the 
theory and does not require any explanation such -as 
that advanced by Peek. 

The writer is under great obligation to Prof. A. 
Wilmer Duff and Prof. Harold B. Smith for suggestions 
made and for facilities and encouragement in the 
preparation of the paper. 
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Current Collection from an Overhead Contact 

System Applied to Railroad Operation 


BY S. M. VIELE 1 


Non-member 


Synopsis This -paper* discusses, from a non-mathematical 
standpoint, certain factors which should enter into the design of an 
overhead contact system on an electrified railroad* It emphasizes 
desirable features, mechanical and structural, and indicates practical 
limits which conditions will permit in the attainment of these 
features. - 

Tests made by the Pennsylvania Railroad with slow-motion 


photography are outlined. These tests were made to determine 
operating conditions of the catenary construction with two different 
types of supporting attachments, over both curved and tangent 
track. Deflections and oscillations were studied in order to bring 
out the most productive sources for future study- and improvement 
of the design in respect both to elimination of wear and to main¬ 
tenance of uniformly good current collecting qualities. 


T HE use of low potentials on a contact system 
permits the installation of the contact conductor 
in such a position that, although within relatively 
easy access to the public, in general, it is not an undue 
hazard to them. The use of higher potentials on such 
systems has carried with it increased hazard, which has 
necessitated the isolation of this conductor at distances 
which materially reduce the hazards of accidental 
contact. 

Isolation has usually taken the form of an overhead 
contact conductor along which a shoe or wheel is carried 
by the locomotive or car. The distance from the rail 
to the contact wire varies through relatively wide 
limits due to the exigencies of the conditions to be met 
along prac tically all railroad rights-of-way. Overhead 

1. Asst. Electrical Engineer, Pennsylvania Railroad. 

Presented at the Summer Convention of the A. I. E. E., Detroit, 
Mich., June 20->24, 1927. Complete copies upon request. 


bridges, tunnels and other obstructions require con¬ 
struction at heights which will permit little more than 
actual clearance for the rolling stock, whereas reduction 
of hazard to trainmen and the public generally requires 
a greater clearance than that usually obtainable through 
obstructed territory. 

The height of a multiple-unit car, such as is used in 
our suburban service, to the crown of the roof is 13 ft., 
0 in. (3.96 m.) The height of an electric locomotive 
of L 5 class is 13 ft., 5 in. (4.09 m.). These dimensions 
have resulted in our setting a minimum trolley wire 
height of 15 ft., 3 in. (4.65 m.) in completely electrified* 
territory where steam locomotives are not permitted to 
move. This minimum trolley height is never used 
except where the conditions necessitate. It represents 
conditions in tunnels and is occasionally approximated 
at overhead bridges. 

The installation of a contact system at such an 
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Pounds 


/ ■ . I ! “7 types ot equipment, the “live” weight is 

ifl&feflff fc Car ” ed by the l ou rnal of a rotative shaft at each end 

mt';LC • 2 f Pantograph, the two shafts having connected 

77 A thereto the bottom members of the pantograph movable 

tATV/ \ framework, which members are held in supplementary 

TX// V an gular relation with the base of the device by bell 

HB1§ ' cranks and interconnecting links. In all operating 

MM. I Positions the weight of the' “live” parts is eccentric 

H o he shafts, which produces a torsional moment on the 
shafts which varies in amount throughout the entire 
operating range. This torsional moment is counter- 
balanced with helical springs, in tension, applied 
through chains operating over cam surfaces, the latter 
-1 being attached to each end of each shaft. 

ON Curved Track The necessity for a small collapsed height of panto- 
rack is accomplished in & ra ph does not permit of a very large radius for the cams 
nor a large elongation of the springs and, consequently, 
m \ l v , ., e spring tensions are material. This spring tension is 
•) beyond its used to support the pantograph in all operating positions 

loes haw Wr, f n ^ P rov j de tb e force required for upward accelera- A 

Railroad fnr *i 7 +u° n ^ sboe and ^ rame work, as well as to overcome 

is he frictional resistance to upward movement. 
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Collection requires that the force of contact should be 
as near constant as is feasible and that the friction of 
vertical movement of pantograph should be relatively 
small. It becomes evident that this is not a simple 
problem when it is considered that the spring tension 
on a multiple-unit pantograph for operation on trolleys 
at 22-ft (6.71 m.) elevation is 460 lb. (208.6 kg.) for 
the minimum operating height and 150 lb. (68.0 kg.) 
for the maximum operating height, in each of four 
springs, and that the weight of the moving members 



Fig. 3—Enlargement From Slow-Motion Picture 

This shows the locomotive pantograh shoe parting contact at the trailing 
end of a wire splice 

is of the order of 100 lb., (45.4 kg.) the latter being 
variably applied. A pantograph operated vertically, 
on a stationary block, exerts 18 lb. (8.2 kg.) of upward 
force under slow motion conditions; with a total varia¬ 
tion of force of about 10 per cent. Downward motion 
produces approximately 10 per cent additional variation. 

The above figures are based upon favorable con¬ 
ditions. If sleet accumulates on the framework, it 
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In case the sum of the pressures of all pantographs on 
a given span of contact wire approaches the weight of 
construction lying immediately adjacent to the contact 
plane, columnar instability of the overhead results. 
If the pressures are increased sufficiently, the contact 
wire will occasionally turn over, exposing the contact 
wire attachments to blows from the passing pantograph. 

The wear on shoes and the contact wire itself is, for a 
non-lubricated contact, a function of the mechanical 
abrasive effect varying with pressure, and the pitting 
and burning effects caused by current flow. 

The most economical pressure apparently varies with 
the current collected from a single shoe. As the current 



AU. TRAINS WESTBOUND 



Fig. 4—Close-Up op Badly Worn Wire Splice 
.3*® pi f. tui ' e shows tlle occurrence of wear at the approaching end and 

pitting action at the trailing end of the splice 

does not take long until sufficient weight is added to 
overcome the 18 lb. (8.2 kg.) of upward force. Wind 
loads have affected the operation of some of the early 
designs to a sufficient extent to actually drop the 
mechanism. 

It has been frequently asked why the upward pres¬ 
sure should not be increased so as to have a larger work¬ 
ing margin. Two major limitations exist. 


Fig. 5 Location Diagram op Slow-Motion Pictures 

1 . Standard tangent construction 

2 . Standard curve construction 

3. Special tangent construction 

4. Special curve construction 

value decreases, lighter pressures can be advantageously 
used. This is fortunate, as otherwise it would be diffi¬ 
cult to operate some four to six multiple-unit panto¬ 
graphs in a given span without increasing the weight df 
actual contact system or providing special stiffening 
attachments for the contact wire. • 

The force required for downward acceleration of the 
“live” parts of the pantograph is the sum of the upward 
thrust of the shoe plus an increased reaction to cause 
downward acceleration. This sum must not reach a 
value which will permit the turning of the contact wire. 
It follows that the upward acceleration forces which are 
permissible in the pantograph are less, by an amount 
necessary to produce maximum downward' accelera- 
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tion, than those which will be sufficient, under any 
conditions, to cause overturning of the contact wire. 
It should he borne in mind that the downward accelerat¬ 
ing forces vary with speed of traffic, gradients, changes 
of sag, etc., and a-suitable margin must be left between 
these totaled upward pressures and the weight of the 
construction adjacent to the contact plane. 

A pantograph shoe is limited in length (about four 
ft. (1.22 m.) transverse to the track), and if the over¬ 
head is not properly located over the track, or if the 
catenary is permitted to sway under wind conditions to 
a sufficient extent, the shoe passes to one side of the 
contact wire, rises to an elevation above the contact 
wire and practically always catches in some part of the 
overhead, with the result of damage to the pantograph 


tudinal equalization of tensions and permit as great a 
vertical movement of the contact member at the 
support points as is possible. The above represents the 
mechanical requirements. Electrical requirements in¬ 
volve the maintenance of potential across the insulators 
and of suitable clearances. Maintenance requires easy 
access with suitable working clearances, prevention of 
burning of the vital members of construction in case of 
flashover of insulators, and in case of damage, the 
positioning of members such as to clear pantographs 
in as many cases as possible. 

The trolley construction used in the Broad Street- 
Paoli district, carrying 11,000 volts single phase, con¬ 
sists of a 34-in. (12.7 mm.) steel messenger, from which 
is suspended, by 3/16-in. by 1-in. (4.75 mm. by 25.4 
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Fig. 6—Upward Reflection of Contact Wire 
Measured at support point, of catenary span 


sufficient to render it inoperative and occasionally 
materially damaging the overhead. 

Reduction of occurrences of this nature on tangent 
track may be obtained by shortening the span length 
or by means of steadies applied at the support points. 
The latter is the more economical procedure. Spans 
may be installed with little trouble of this nature, 
of the jrder of 285 ft. (86.87 m.) in length, with proper 
steadies at support points, in locations exposed to 
wind. In protected localities, this value may be 
increased to about 325 ft. (99.06 m.). Without 
steadies, our experience would indicate that these figures 
should each be reduced about 100 ft. (30.48 m.). 

On the assumption that the more economical con¬ 
struction should be used, that is, longer spans, one is 
immediately faced with the design of steady which 
will limit motion tranverse to the tracks, allow longi- 


mm.) straps at 30-ft. (9.14 m.) intervals, a 1/0 round 
copper auxiliary wire, from which, in turn, is suspended, 
by clips at 15-ft. (4.57 m.) intervals, a 3/0 grooved 
bronze contact wire. The contact and auxiliary 
wires lie parallel to one another in a vertical plane. 
The connections between these two wires “break 
joints” with the connecting hangers lying between the 
messenger and the auxiliary wire. Span lengths vary 
from a maximum of 325 ft. (99.06 m.) to values ne¬ 
cessitated by conditions with an average of about 
300 ft. (91.44 m.). 

The suspension of the catenaries consists of a three- 
unit cap and pin type insulator and assembling hard¬ 
ware, to which the messenger is attached. This 
represents a pendulum length of about 24 in. (0.61 m.) 
applicable to the messenger. The messenger has five 
ft. (1.52 m.) of sag in a 300-ft. (91.44 m.) span, which 
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construction produces a total pendulum length at the 
support point of approximately 7ft:, 6 in. (2.29 m.). 

The original design did not call for the use of steadies 
except at a few locations. Operation, however, has 
necessitated their general installation in exposed 
locations. * 

The steady design adopted consisted of a horizontal 
strand installed between the catenary supporting poles 
at an elevation six in. (0.15 m.) above the contact wire. 
This strand was insulated from the poles by three-unit 
porcelain insulators adjacent to the poles, with a sec- 
tionalizing wood stick insulator between the auxiliary 



Fig. 7— -Upward Deflection of Contact Wire 
Measured at support point of catenary spar^ 

wires of adjoining tracks. Attachments were made by 
a slack two-way jumper from this strand to the auxiliary 
wire. This construction reduced what may be termed 
“pantograph derailments” to a radical degree. The 
disadvantages of this design were: 

a. The wood sticks used for sectionalizing the track 
trolleys do not have potential impressed across them 
except under conditions of a de-energized adjacent 
track, which condition usually develops their failure, 
if any, at the most inopportune time. 

b. Small working clearances for certain repair 
operations. 

c. Periodic cleaning, varnishing and general over 
hauling of the wood sticks. 

d. The impassability of one or more tracks in case 
)f steady span failure, on account of portions of steady 
span construction hanging down below the elevation of 
he contact plane. 

e. Small upward deflection of the contact wire at 
he support point. 

In the effort to improve catenary support conditions, 

, new form of support was laid out which, in my opinion, 


reduces to a material degree the disadvantages of the 
previously described steady. 

The standard form of back guyed poles, cross caten¬ 
ary and body span member were used; however, instead 
of suspending an insulator string directly over the track 
for attachment of the messenger, a string was placed 
each side the center line of each track. Connected be¬ 
tween these insulators is a short length of cable approxi¬ 
mately eight ft. (2.44 m.) long, with sufficient sag in 
it that when drawn downward at its center, it forms the 
two legs of an obtuse triangle with its apex about 30 
m. (0.76 m.) below the body member, this point being 
used for the attachment of the messenger. The ends 
of the insulators nearest the center line of the. track 
have a second attachment with members running to a 
common point and attached to the auxiliary wire. In 
appearance, the construction forms a letter “V” with 
the auxiliary wire attached at the bottom apex and the 
upper ends of the legs of the “V” attached to sides of 
the obtuse triangle at the lower ends of the insulators. 

I his construction fixes the position transversely of the 
messenger, and eliminates the pendulum length of the 
messenger suspension. It places all insulators between 
trolley and^ ground, thereby retaining potential across 



Fig. 8—Upward Deflection of Contact Wire* 
Measured at entering quarter point of catenary span 


them. It introduces a short section of cable between 
the messenger and the insulators, and consequently, 
an arc from a flashed insulator is removed frem the 
messenger and taken by the messenger supporting 
member. 

A parallel path for current supply to an arc at the • 
insulator is provided by the secondary hanger con¬ 
necting between the auxiliary wire and a point adjacent 
to the live end of the insulator. This, we consider, 
will reduce the localized annealing of the messenger 
under flashed insulator conditions, as there is provided a 
shunt path for the current flowing from the trolley and 


BUSK 




1086 


YIELE: CURRENT COLLECTION FROM AN OVERHEAD CONTACT 


Journal A. I. E. E. 


auxiliary wires to the point of arc contact with the 
catenary supporting member. 

The two members forming the lower “V” converging 
on the auxiliary wire leave the clearance between tracks 
as a maximum at the contact wire elevation, with the 
minimum clearance existing at the insulators, just below 
the body member. 

In thinking of catenary construction, most engineers 
consider that contact is made with the overhead con¬ 
ductor in practically a uniform plane and that there is 
little or no upward displacement with pantograph 


udca-idn or center or train from __ _ 
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vertical force applied at the center of sag, therefore, has 
a maxi m um effect producing upward displacement of 
the trolley wire, on account of the fact that there is no 
vertical component of tension at that point, hut only 
horizontal tension, which is constant throughout the 
span; whereas at other points than the center of sag, a 
vertical component of tension exists, which, opposing 
the upward shoe pressure, reduces the upward displace¬ 
ment of the contact wire. There is little or no dis¬ 
placement of the construction as a whole at the support 
points such as occurs at the center of sag of the messen¬ 
ger. Displacement at the support point is almost 
exclusively displacement of the contact wire in relation 
to the messenger, in other words, a closing up of the 
space normally existing between the messenger and 
contact wires. 

From what has so far been said, it is to he inferred 
that there is a major oscillation imposed upon the main 
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Fig. 9—Upward Deflection of Contact Wire 
Measured at center point of catenary span 


passage. Even among engineers who have watched 
suclf things, the impression is that the deviation of the 
contact wire from a uniform plane is a matter of a few 
inches and that the wave of this deviation follows closely 
the position of the pantographs. 

If we assume the messenger as carrying practically 
all of tke weight of construction in a given span and that 
this weight is fairly uniformly distributed, we obtain an 
approximation of a catenary curve. The direction of 
the tension in the messenger makes an angle of varying 
magnitude with the upward thrust of the pantograph. 
At the point of maximum sag in the messenger, the 
tension in the messenger and the thrust of the panto¬ 
graph are at right angles to one another; as the support 
points are approached, this angle decreases and is a 
minimum at the support point. ' The application of a 
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Fig. 10—Upward Deflection of Contact Wire 
Measured at tf ailing quarter pgint of catenary span 

framework* of the pantograph, whose periodicity is a 
function of span length employed and an inverse func¬ 
tion of the speed of the rolling stock. 

The oscillation of the contact wire travels ahead of 
the pantograph with various irregularities or harmonics 
imposed on it. Support points tend to become nodes 
of the wave. Changes of mass, usually splices, trolley 
wire intersections or section breaks retard the propaga¬ 
tion of these oscillations. 

A trave lin g wave impinging upon a section of greater 
mass than that employed in the adjacent section is 
damped to a material degree. As the wave reaches the 
increased mass, the change of elevation of the contact 
plane does not take place as rapidly as it did in pre¬ 
vious sections of the contact wire and there is produced, 
locally, a gradient at the approach to such mass of 
greater slope. This greater slope produces increased 
pressure between the shoe and the trolley wire which 
accelerates the shoe downward and the contact wire 

upward. The pressure produced between the shoe and 

the contact wire is such as to accelerate the two mem¬ 
bers in opposite directions at velocities sufficient that 
they over-travel and contact is momentarily lost. 
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Such loss of contact is usually caused by definitely 
establishing an out-of-phase relation between the oscil¬ 
lation of the shoe and the contact wire. There are two 
other causes of loss of contact occasionally present, how¬ 
ever, one being the result of insufficient range of move¬ 
ment of the shoe supports and the other the inability 
of the shoe to follow in time the periodicity of oscilla¬ 
tion of the contact wire. 

Taking the more usual case* of conditions existing at 
the time contact is lost, that is, an out-of-phase relation 
between the oscillation of the shoe and contact wire, the 
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The test apparatus consisted of a high speed camera 
handling film at speeds from 400 to 1100 exposures per* 
sec., a storage battery for current supply to a shunt 
mo or driving the camera and for use in the projectors, 
projectors for augmenting natural*illumination and a 
scale used as a background for the contact wire. 

One of the center tracks of four was occupied by a 
tUwer car carrying the camera, projectors and operators, 
a storage battery and work car and a steam locomotive, 
the adjoining track towards the outside of the right-of- 
way was used as the test track. Outside the clearance 
lines of this latter track a scale was installed which was . 
used as a determinative background against which the 
contact wire was to be silhouetted. 

The camera and scale were supported at such a height 
that the camera lens, midpoint of the scale and the . 
contact wire under investigation were at the same 
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Fig. 11—Upward Deflection of Contact Wire at Splices 

r.TU 8 a oM 19 r^ 6W ! pUce located at cen - ter Pom* of catenary span 

Eun 17 Old splice located«8-ft. beyond catenary support point 

succeeding occurrences are, that, as the Shoe and con¬ 
tact wire again approach one another, the phase rela¬ 
tion of their oscillations is still materially displaced. 
Contact is made with a pressure increased above normal, 
<Jue to the vertical velocities present, and excessive 
wear takes place in these areas. 

An increase in the amount of available information 
on the subject of overhead construction is one of the 
necessities for eventual railroad electrification. 

With this in mind, a study was undertaken some time 
ago by members of our organization, with the idea of 
determining and depicting, as far as possible, actual 
occurrences in the pantographs and in the overhead 
under operating conditions. This study included a 
comparison of the design of steady which we have been 
using for a number of years, with the special design 
described above. 

A section of track was selected in the territory lying 
between Broad Street Station, Philadelphia, and 
Paoli, Penn., and a number of spans were equipped with 
the special support construction referred to. Deflec¬ 
tions of the overhead system and movement of the shoes 
were recorded. 
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Fig. 12 Relative Upward Deflection of Contact Wire 
at Each Pantograph 

I —Support point 

II — Entering quarter point 

III— Center point of span 

IV— Trailing quarter point 

• 

elevation. In front of the scale and held to fit'jby'a 
string was a weight of about five lb., which weight was 
attached so that its center of gravity was at the zero of 
the scale. A tripping cord was arranged so that a pull 
on it would apply a horizontal force on the weight* 
supporting string and break it, allowing the weight 
to fall. 

The camera and scale were located at designated 
points in the several test spans and, as the multiple- 
unit train or locomotive approached, its position and 
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approximate speed was signalled from a point ahead of 
•the test equipment. 

The camera mechanism was engaged with the running 
motor and the timing weight dropped. Some experi¬ 
mentation was necessary to obtain proper sequence and 
coordination with the passing equipment, but the 
arrangement finally worked out very well. 

A number of determinations were made as follows: 
Deflections at the center, entering and trailing quarter 
points of a span and points directly beneath the support 
points of the messenger. The above trials were ob¬ 
tained for multiple-unit equipment and a portion of 
them for locomotive equipment, both types of steady 
construction being photographed. 

The exposures made of each test run were then con¬ 
secutively numbered in 100 exposure intervals and 
passed through a projector a number of times until the 



Pig. 13 —Relative Upward Deflection of Contact Wire 
Along Catenary Span 

• 

■ observer was familiar with the film. Then the position 
of the contact wire in terms of the scale reading was 
observed at given intervals of the total exposure, with 
a notation of the exact picture from which the reading 
was takefl. In cases where there existed some peculiar 
feature or where it was apparent that harmonics of 
readable magnitude existed, readings at much closer 
intervals were made. 

These data, converted into distance ahead of the 
train, were then plotted, the ordinates representing rise 
of contact wire at the observation point in the span 
from its initial position, and the abscissas representing 
the position of the train with reference to the observa- 
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r tion point at the instant of the occurrence of the posi¬ 
tion of contact wire indicated by the ordinate reading. 

These results, shown graphically, are given in the 
several figures bearing proper title as to type of messen¬ 
ger support, position in the span of the observation 
point, type of rolling stock, number of multiple-unit 
cars, traffic speed and exposure rate. 

An analysis of these curves indicates clearly certain 
conclusions, a portion of-which, for a specific design of 
overhead system, are quantitative. Mathematical con¬ 
clusions, not included, indicate the basic phenomena to 
a sufficient extent that usable approximations may be 
made for construction embodying different weights 
span lengths and types of construction. 

Such conclusions follow: 

1. That a major oscillation is present in the contact 
member ahead of the pantographs and travels with the 
pantographs, 

2. That this oscillation is of variable amplitude, 
depending on its location in the span, 

3. That the position of any given point in the 
amplitude of oscillation has a variable spacing ahead 
of the pantograph, 

4. The amplitude varies with the total pressure 
imposed by the pantographs in a given span, 

5. The amplitude seems to be increased with the 
distribution through a number of pantographs of a 
given total pressure, 

6. That when distribution of a given total panto¬ 
graph pressure is made through several pantographs, 
the pantographs in the central portion of a train 
experience the greatest amplitude of movement, 

7. That the leading pantograph does not have 
imposed on it as great an amplitude of movement as 
do all successive pantographs, 

8. That <the direction of traffic does not materially 
alter the symmetry of maximum upward deflection of 
the contact wire, 

9. That the gradient to which a pantograph is 
subjected in passing under locations of depressed con¬ 
tact wire height is augmented by a material gradient 
impose'd by the inherent deflections in the approaching 
spans and that such augmenting of gradient is of the 
order of the usually installed maximum gradient, one- 
half of one per cent, for such transition of elevation of 
the contact wire, 

10. That harmonics of the major oscillation are 
present each side of the pantographs with relatively 
minor amplitudes and are apparently damped out at 
pantographs and do not cause trouble, 

11. That the presence of material change in mass of 
the construction adjacent to the contact plane damps 
the oscillation and thereby causes relatively severe 
deterioration due to variation in pressure of contact 
shoes at such points, 

12. That with a given increase of mass necessarily 
locally employed, shaping of the contact surface will 
decrease the deterioration at such points, 
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13. That support points practically represent nodes 
of the major oscillations, as the amplitude of oscillation 
is relatively small at such points, 

14. That the amplitude of oscillation at the center 
of the messenger span is maximum with a reduction 
towards each messenger support point, 

15. That the amplitude of movement at the center 
of the span is almost wholly a movement of the total 
catenary construction, that is,» a movement of the 
messenger and its suspended construction, 

16. That the amplitude of movement at support 
points is almost wholly a matter of change in spacing of 
the contact wire and its adjacent construction with 
relation to the messenger wire, 

17. That improvement of hanger construction at 
points adjacent to the messenger support is possible 
and desirable, 

18. That the use of so called, flexible hangers at the 
center of span is not necessary and their desirability is 
doubtful, 

19. That flexible hangers adjacent to the support 
point may be advantageously used if of satisfactory 
design, 


20. That harmonies in the contact wire at positions 
of change of mass in the construction adjacent to the 
contact plane and located remote from support points 
are of high periodicity and considerable amplitude, 

21. That such oscillations cause similar oscillations 
of opposite phase in the contact shoes, 

22 . That departure of the shoes from the contact 
wire at such locations are usually the greatest in time 
and the greatest in amplitude, 

23. That the reduction of changes of mass at points 
adjacent to the contact plane offers the greatest measure 
of improvement immediately available, 

24. That further study of the construction from a 
railing quarter point in a span through the support 

point to the entering.quarter point of the succeeding 
span offers the next most promising step in improvement, 

5. That improvement in the secondary supporting 
of shoes and the obtaining of a greater amplitude of 
movement of the shoe is probably desirable, 

26. That further investigation and study of the 
tilting action of shoes is necessary and desirable, as 
there are indications that edge riding of shoes is at 
times present to a material degree. 


Ground Relay Protection for Transmission 

Systems 
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Synopsis. The relay problems of an electric power system 

are mo t m ^ ^ ^ & the J 

twnofthe system. More and more consideration is being given to 
relay enters’ point of view with resultant improvement 
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nested, and with the injection into the problem the interconnections 


and G. B. DODDS 1 

Non-Member 

With other power companies, the absolute necessity of isolating a 
faulty line, (or a faulty piece of equipment), is essential and is be¬ 
coming more clearly recognized by all large companies. 

Since this article was written, other 66-kv., ground relay tests have 
been made with a resistor grounded neutral and with a solidly 
grounded neutral, and some very interesting and unexpected points 
were discovered. It is hoped these points will be brought out 
during the discussion of this paper. 


T HE question of ground protection has always been 
a senous one and also a very troublesome one. 

operated Srtr Wh * n transmission systems were 
h'L K a d th a free or floatm g neutral and one leg of a 

on the C XrS nd i ed ' this 7 0uId throw a high Potential 
equinm^t tn gS aad thus sub J' ect the lines and 
Et would akn ananusua i strain and possible damage. 

^^r ang6r the UveS and safet ^ of P^Ple 

To locate such a m can ! ;act mt h the grounded line. 
Aing to do an5 off u * network Was a hard 
‘nstomera in If ted m outa « es to a great many 
aultonit P rocess of finding the line with the 

C ° mpany ’ Ph^burgh, Pa. 

4ich., June ^ f™ mer Convention of the A. I. E. E„ Detroit, 


The subject of ground relaying is becoming more 
important, and is attracting more attention in the opera¬ 
tion of light and power systems. It is considered 
absolutely necessary to isolate a grounded line imme- 
aiately, for several reasons: 

1. To reduce chance of injury to people who may 
come in contact with or approach a grounded line, 
thereby encountering dangerously high ground 
potentials, 

2. To reduce the resultant damage to apparatus 
and lines by removing a ground as quickly as possible 
from the system. 

On systems using overhead construction on wooden 
cross-arms, the ground currents encountered are rela¬ 
tively small and very sensitive ground relays are 

required to recognize these small currents. 
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As a result of the troubles encountered with an un¬ 
grounded system, a great many companies now make a 
practise of grounding their transmission system. The 
grounding of a system may be done in a number of ways, 
which are shown in Fig. 1. Where the star point of 
transformers or generators is brought out, this point 
can be grounded, either solidly or through a resistance. 
When there is no neutral point available, a grounding 






interesting to note in this connection that some com¬ 
panies with very long high-voltage transmission lines 
protect these lines against ground faults only. 

On systems which are grounded through a resistor 
in the transformer bank neutral, the relaying for ground 
faults is somewhat involved, due to the small ground 
currents obtained and, in the case of a network, to the 
distribution of this current through several sets of lines 
and relays. 

Many different schemes for ground protection have 
been devised, some of which are indicated below: 

1. Overcurrent non-directional relay in neutral of 
current transformer circuit, 

2. Overcurrent non-directional relay interlocked with 
directional elements of phase relays, 

3. Power relay with instantaneous time but inter¬ 
locked with overcurrent non-directional relay for timing, 

4. Power relay with self-contained timing element' 

5. Impedance ground relay, 

6. Power directional relay using inside delta voltage, 

7. Balanced current ground relays for parallel lines! 



£>j© 


Directional Ground 
Relay \ 


Fig. 1 Methods op Grounding Transmission Systems 

a. Early ungrounded systems 

b. Solidly grounded systems 

c. Resistor grounded systems 

d. Star-delta grounding transformer banks systems 

e. Zigzag grounding transformer banks systems 

transformer may be installed. Grounding transformers 
are usually connected either star-delta, with the star 
point grounded, or zigzag, with the star point grounded, 
both methods having their particular advantages de¬ 
pending upon the particular application. 

When the star-delta grounding transformer is used, 
toe star point may be grounded either solidly or 
through a resistor. If desired, a load may be taken 
from toe delta-connected secondary of the transformer 
bank - The advantage of the zigzag-connected ground- 
ang transformer bank is the relative cheapness of it, 
anee with it no secondary winding is required and thus 
it is somewhat cheaper than the star-delta bank. 

Where the system is solidly grounded, the relaying 
for ground faults is comparatively simple if the fault 
current obtained is greater than the load current. 
In some cases, however, the current for ground faults is 
^tively smaH, due either to long transSion 
toes or to contact resistance at the point of the fault 
Where this condition exists, the phase relays will not 

,ne , for T” 1 talts - a ” d °‘ h ® °f 

protecting the lines for grounds must be used. It is 
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Directional Short 
— Circuit Relays 


REAR VIEW 

J O rH—Directional F 

N*b B'O [_ J Ground Relay u 

NORMAL CONDITION 30Deg.LeadJ^A^^ 

n" c * Re| a V £ co^PVi b Af Relay 

; ■ 

c A b Am ' Eab "W 

. r Vector Diagram of Directional 

A-f Grounded Relays, using Star Connected 

Vector Diagrams of Directional Potential Transformers 

Ground Relays, using inside ^0 ^eg. Lead 

Delta Potential 

Fig. 2—Directional Short-Circuit and Directional 
Ground Protection 

The overcurrent non-directional ground relay is 
sa is actory for use on radial feeders or other locations 
w ere directional protection is not required, such as 
bus or transformer differential protection,^ on radial 
mes. n connection with such uses, a relay with a low 
opera mg range and one which puts a small volt-ampere 
ur en on the current transformers is very desirable 
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and has been developed. This type of relay is very 
sensitive to small ground fault currents and, due to its 
low volt-ampere burden, does not overburden current 
transformers which have other apparatus than relays 
connected to them. 

_ The overcurrent ’non-directional relay with its trip 
circuit interlocked with the directional element of the 
phase relays was used quite extensively and proved 
fairly satisfactory in some casds. This type of protec¬ 
tion, however, has one main inherent defect which is 
impossible to overcome. ' This defect is that on a single- 
line^ loop having more than one looped station and 
having a feed from both ends of the loop, a fault may 
occur which, while providing enough current to operate 
the ground relay, will not be of sufficient magnitude to 
overbalance the load current, with the result that the 
directional contacts on the wrong set of relays will be 
held closed and the wrong breaker tripped out. 

The power relay has not proven satisfactory for 
ground protection, due primarily to the fact that a 
sufficiently low range relay has not been used. With 
this scheme, the power relay obtained current from 
the neutral of the current transformers and voltage 
from the inside delta voltage of an auxiliary set of 
star-delta connected potential transformers. With 
this scheme of ground protection and with a fault 
occurring some distance out on a line away from the 
substation at which the relays are located, the resultant 
voltage distortion at the substation may be relatively 
small, even though the fault currents be comparatively 
large. Under these conditions of fairly large ground 
currents and small voltage impressed on the power 
relay, in conjunction with the poor power factor which 
sometimes exists during ground faults, the resultant 
watts in the power relay may be so low that the relay 
will not operate at all or will operate "Very slowly. 
Due to this condition, the possibility of clearing ground 
faults in a minimum time is decreased. 

The^ low energy power directional ground relay 
using inside delta potential is one of the most satis¬ 
factory schemes. A diagram of connections is shown in 
Fig. 2. In this scheme the same potential is used as 
was used in the power relay, but it is used only to 
operate the directional contacts of the relay, the relay 
having a separate overcurrent element similar to that of 
the overcurrent relay. The overcurrent and directional 
contacts are connected in series as in other power 
directional relays. In this type of relay, the timing 
is obtained from the overcurrent element. By using 
this scheme, the directional elements may be made to 1 
operate on a very small number of watts, thereby 
making it sensitive to very small ground currents, i 
Ajci installation of this type of protection is shown in f 
Figs. 3 and 4, which views were taken in a small sub- 1 
station on a consumer's property, there being one 22-kv. i 
line looped through this station. Fig. 3 shows the front € 
view of the relay panel and Fig. 4 shows the rear view t 
of the panel with the auxiliary star-delta connected 


potential transformers, and also shows the individual 
relay test switches for each relay. 

The impedance type of relay has been usedTwith 
reasonable satisfaction on systems which are solidly 
grounded. These relays may be* self-contained, in 
which case one per phase, or three for a three-phase 
hne, will be required, or the double-element phase and 



Fig. 3—Front View op Consumer’s Relay Installation 

ground relay combined in one case may be used. These 
relays may obtain their potential direct from the line 
potential transformers or may use low-tension potential 
through compensators. The ground impedance relays 
have the same time characteristics as the phase impe¬ 
dance relays, thereby clearing faults close to the station in 



Fig. 4—Rear View op Consumer’s Relay Installation 


a short time and increasing the time for faults farther away, 
from the station. These relays are not so satisfactory, 
however, for use on a system which is grounded through 
a resistor, since the voltage drop is usually not large 
enough to cause the impedance type ground relays 
to operate in a reasonably short time. 

The balanced current type of protection is limited in 
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# its application to parallel lines. It furnishes a simple 
and fast method of clearing all ground faults and is an 
inexpensive method, for no potential tr ansf ormers are 


by actually, placing a ground on the line, some very 
interesting results have been obtained, among which is 
. , , the relation of ground current to phase voltaon 

required. The station must have two sources of feed, different amounts of resistance in the high tension tron 
however, and when one of the pair of lines is out of former bank neutral. nsi «n trans¬ 


service, an extra set of relays is sometimes required in 
order to permit increased time of operation to obtain 
selective action with other stations. This type &f 
protection has been described in detail by Mr. H. P. 

Sleeper. 2 

There are several methods of checking the current 
* and potential phase relations on the ground relays in 
order to determine whether the relay will operate 
correctly under fault conditions. Among these 
methods may be mentioned the following: 

1. By using phantom load, 

2. By using actual load, 

3. By actually placing a ground upon the line. 

The Duquesne Light Company, along with several 
other companies, is strongly in favor of the lattermethod 
of checking the direction of the ground relays, having 
found by sad experience, when using the first two 
methods mentioned, that mistakes and errors are very 
liable to occur, with the result that under actual fault 
conditions, improper relay and breaker operations 

In connection with the checking of ground relays 


This point was brought out very forcibly during 
some tests conducted by the Public Service Electric 
and Gas Company of New Jersey which were made in 
July 1926. A tabulation of their test data is shown in 
Table I. An analysis of this data shows that with no 
resistance in the transformer bank neutral, a phase 
angle of around 90-deg. lag is obtained, and with a 
resistance of 75 ohms in the transformer bank neutral 
the phase angle varies from 5-deg. lag to 15-deg lav- 
while with a resistance of 300 ohms in the transformer 
bank neutral, the power factor ranges from unity to 18- 
deg. lead. As a result of the poor power factor obtained 
under conditions of the transformer bank neutral being 
solidly grounded, the resultant torque on the relay 
disk is very small, even though the fault current be 
relatively large, and if the,phase angle is greater than 

be revereed: ^ ° f ° Perati ° n ° f the relay m 

Similar tests were conducted by the Duquesne 
Light Company during May of 1926, in order to de¬ 
termine the following points: 

1- To determine the minimum amount 


of ground 


TABLE I 

DIRECTIONAL GROUND RELAY TESTS 


Test number. 

Date. 

TIdm. 

Voltage of line tested. 

Baal: kv-a,. ,. 

Central resistance.. ♦., 
Mae grounded.. 


D©iatluin m ground. 


No - of ground relays In series < 
C. T........ 


Ground relay current setting 
HiglMejisiou ground amperes 
Gfvaad relay 
Volts......, 


Watts. 


Amperes, 


7/11/26 
9:55 a.m. 
26 kv. 
25,000 
0 

Phase 1 of 
X-102 
1 mi. from 
Essex 

1 

0.4 

240 

10 

Meter 

reversed 

3.0 


2 

7/11/26 
10:30 a.m. 
26 kv. 
25,000 
300 

Phase 1 of 
X-102 
1 mi. from 
Essex 

1 

0.53 

64 

150 + 

(F. S.) 

120 


D-t. star volts before test 

j 93-deg. lag. 

7-deg. lead 

1 

v . O 

10-deg. lead 

. 

i 65.0 j 

66.2 

! 67 

3-X. . 

65.1 

65.5 

66 

E-t, star volts during test 

. 

. 

64.5 

64.5 

65.0 

23 

88 

65.5 

3-N...... .. 

68.8 

23 

87 

E-t. delta volts before test 

1-N..... 

63.0 

106 

106 


3 

7/11/26 
10:37 p.m. 
26 kv. 
25,000 
300 

Phase 1 of 
X-102 
i mi. from 
Essex 

1 

0.2 

49.6 

190 

98 



4 

7/11/26 
12:15 a.m. 
26 kv. 
25,000 
300 

Phase 3 of 
S-357 

X mi. from 
Metuchen 

5 

7/11/26 
12:55 a.m. 
26 kv. 
25,000 
300 

Phase t of 
S-357 

X mi. from 
Metuchen 

6 

7/11/26 
2:45 p.m.. 
26 kv. 
25,000 

75 

Phase 3 of 
S-357 

X mi. from 
Metuchen 

1 7 
7/11/26 
3:45 p.m. 
26 kv. 
25,000 

75 

Phase 1 of 
R-356 

1 mi. from 
Essex 

1 

0.53 

90 + 

1 

0.53 

102 

1 

0.53 

178 

1 

0.53 

99 

180 

164 

164 

146 

240 

245 

450 

230 

1.5 + 

0 

1.7 

18-deg. lead 

2.97 

10-deg. lag 

[ 1.65 

5-deg.lag 

63 

62.9 

63 

63 

62.6 

63 

63 

62.6 

63 

63 

62.7 

63 

106 

98 

20 

' i 

101 

98.5 

18 

99 

97 

18 

24 

84 

97 
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8 ^ 
7/11/26 
4.00 p.m. 
26 kv. 
25,000 
75 

Phase 2 of 
N-190 
1/8 mi. from 
Metuchen 

2 

0.5 

160 

152 


280 

2,0 

15-deg. lag 

63 

63 

63.5 

93 

20 

92 

110 

110.5 
109.2 

109.5 

111.5 
109.2 


9 

7/11/20 
4:30 p.m. 
26 kv. 
25,000 
0 

Phase 2 of 
N-196 

1/8 mi. from 
Metuchen 

2 

0.5 

420 

120 


9.4 
90-deg. lag 

62 

62 

62 

64 

33 

82 

106.5 

107.8 

109 

103 

97 

94 
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on which the 50-watt power relays would 

^ Grate, 

2. To make an actual check on the direction of opera- 
on of the power ground relays, 

?* To determine the effects of putting more than one 
>tential element ofthe ground relays in parallel on 
of auxiliary potential transformers, 

4. To determine the sensitivity of the low-energy 
►Wer directional ground relays as compared with the 
'-"vvatt power relay. 

The test data are shown in Table II and the conclu- 
>ns arrived at are as follows: 

1- The power relays set on a 50-watt tap would not 
erate satisfactorily with less than a 300-ampere 
>und, the ground being located at the substation at 
nch the relays were installed. As the ground 
ation would become farther away from the substa- 
n, the ground current necessary to operate the relay 
xild become higher, due to less voltage being im- 
issed on the power relay. 

2 - The direction of all ground relays tested was found 
3e correct. 

*■ The addition of an increased number of potential 
axents of ground relays to one set of auxiliary po- 
tial transformers did not result in any noticeable 
T> in voltage on the secondary of the auxiliary po- 
tial transformers. This indicated that the auxiliary 
ontial transformers could be loaded up to their 
t-ampere capacity. 

. It was found that the low-energy power directional 
and relays would operate satisfactorily on a much 
er ground current than the power relays, 
ince the above tests were made, low energy power 
ctional ground relays have been installed on the 
onty of the lines of the Duquesne Light Company 
system, and a large number of the& relays has 
l tested by actually putting grounds on the lines 
’h these relays protect. 

'hxQ equipment used in making the line ground tests 
aown in Fig. 5. Fig. 5 a shows a two-ton trailer 
vliich the necessary equipment for making high- 
[on line ground tests is mounted. Fig. 5 b shows the 
si- rheostat set up and connected to the line. Fig. 
hows the water barrel emitting flame during line 
nd tests made at night. Night testing is sometimes 
ssary due to being unable to obtain the necessary 
ges during the day. The grounding is done by 
ecting a water rheostat between the line and a 
tid connection. The rheostat consists of a barrel 
e of which is one fixed and one moveable brass 
^ The ground current obtained can be varied by 
ging the distance between two brass plates im- 
3 cJ in the water.- The ground lead is connected to 
xed brass plate and brought out through the side 
L & barrel. A current transformer is connected 
.is ground lead and is used for measuring the 
lcI current. 

is equipment is all mounted on the two-ton 
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ueiau me testing ot the relay installations by putting 
faults on the 66-kv. line. . s 

As a result of the experiences of this and other 
companies, it is believed that the inside delta power 
directional ground relaying is the most reliable and 
satisfactory type of ground protection that can be used 
on a system having a resistance in its neutral circuit. 
On systems which are solidly grounded, other types of 
ground protection are used, among which are the im¬ 
pedance ground relay and the same type of power 
directional relay which is used for phase protection, 
except in the case of extremely long lines where, if the 
fault current is less than load current, other means of 
protecting the lines must be found. 

It has also been the experience of this and other 
companies that the most satisfactory method of check¬ 
ing the connections of ground relays has been by 
actually placing grounds upon the lines in question 
since there is less chance of error in this method than 
m any other. It is further felt that the increased cost 
of this method of testing is entirely justified from the 
standpoint of the better relay operation obtained, and 
from the standpoint of reduction in number of interrup¬ 
tions, which is very important. • 


■ CENTER OF INDUSTRY IN UNITED 

STATES 

The United States Geological Survey in its annual 
statement as to the center of industry shows that the 
c new point is about fifty miles southwest of Chicago. 

Making High-Tension Line This center of industry, it is stated, has moved in the 
* eighteen year period from 1908 to 1926 approximately 

>rtest seventy-five miles in a southwesterly direction. 

ld ***■ made at “W* This slow movement of the center of industry during 

. a period when the capacity of prime movers in central i 

flexible Tyrex single-con- stations and manufacturing plants increased about 

40 per cent, indicates in reality marked stability in i 
it types, industrial development in the United States, since the 

iulators, tnfiin S movement towards the western and southern I 

parts of the country are small. I 

In January 1908 the center of industry in the United 1 
States was m the northern boundary of Indiana about I 

all carried on the trailer t 

>rted on the trailer but are D rU H ' P ‘ Sleeper ’ A. I. E. E. Transactions, Vol.42,1923, §j 


























The Electrical Resistivity.of Insulating Materials 1 


BY HARVEY L. CURTIS* 

Fellow, A. I. E. E. 


Synopsis—A brief review is given of the literature on conduction 
through insulators. Every dielectric has a definite resistivity when 
the potential gradient is ifklow a certain value, different for each 
substance. If the -potential gradient is continually increased a 
point is reached where an increase in voltage does not affect 'the 
current. This is called the saturation current. With still greater 
potential gradients, a point is reached where the current increases 
rapidly and breakdown soon results. All these phenomena of con¬ 
duction are explainable as the movement of ions in an electric 
field. 

The resistivity of a dielectric depends on the number ■ of ions in 
unit volume, on the charge on each ion, and on their mobility (velocity 
under unit potential gradient). The saturation current depends 
on the charge on each ion and on their rate of production. Break¬ 
down is preceded by ionization by collision, which is determined by 


anioT att0n V ° tmtial ° f ^ SUbSianCe md * he lenpth °f Vath of 

0 i h ::::!r of ! on t n ° r, ? a% msent ™ a **«»* not 

r^Lh r he ra t 0f vroducin S th ™ but also upon their rate of 
. inaion. The rate of recombination is a constant of the 

7T 0f pr0ductim na y de P end either upon outside 

outside ane-nfi e \°J Ce ?' In 9 ases < ions are generally produced by 

material / Y ’ ^ I mportant ones bein 0 rays from radioactive 
materials, X-rays and ultra X-rays. In liquids and solids, ions 

may be produced not only by the external agencies of rays and 
radiation, but also by the inside forces of solution and dissociation. 

exvlainZuhlZ? ° f /? nducti ™ has been sufficiently developed to 
explain all the observed facts m the case of gases. Modifications and 

^tensions are necessary, however, before all the experimental data 
on solids and liquids can be interpreted. 


I. Introduction 

A N insulating material is defined as a material which 
either does not conduct an electric current or 
conducts it to a very limited extent only. There 
is, however, no definite lower limit of conductivity which 
sharply separates insulators from conductors. In fact, 
some substance on being subjected to a change in 
temperature will gradually and continually change from 
a state which would certainly be called conducting to 
one which, with equal certainty, would be called insu¬ 
lating. Since there is no sharp dividing line between 
insulators and conductors, it seems desirable to sum¬ 
marize, briefly our knowledge of the process of electric 
conduction before attempting to apply it to the particu¬ 
lar case of insulators. . This paper will attempt to 
correlate our knowledge of the conductivity of insulators 
with the theories which have been put forward to 
explain the passage of electricity through conductors, 
and to point out the facts which require an extension of 
these theories in order that conduction through insu¬ 
lators may be explained. 

Electricity is always associated with matter. When¬ 
ce 1- there is a current of electricity, there is always a 
iurrent of material particles. Electric currents can be 
livided into three classes depending upon the mass of 
;he material particle associated with each fundamental 
ilectric charge. These are 

1. Electronic conduction 

2. Ionic conduction 

3. Colloidal conduction. 

In electr onic conduction the moving electricity is 
‘Physicist, Bureau of Standards. 

fPaper prepared at request of Joint Committee on Insulating 
laterials of A. I. E. E. and National Research Council. 

Approved by the Director of the National Bureau of 
fcandards of the U. S. Department of Commerce. 

Presented at the Summer Convention of the A. I. E. E. Detroit 
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associated only with the electrons. These are ex- 
tremely small amounts of matter to which the elemen¬ 
tary negative charge of electricity is inseparably bound. 
I he most familiar example of electronic conduction is 
conduction through metals, although many interesting 
and important applications are found in vacuum tubes. 
Since electrons are all of the same mass and since the 
same current and hence the same number of electrons 
must pass every part of the circuit, there is no measur¬ 
able transfer of matter in electronic conduction. 

In ionic conduction the moving electricity is associ¬ 
ated with a subdivision of a molecule, or in some cases, 
with such a subdivision to which a few molecules are 
attached. The most familiar example is conduction 
through electrolytes, although conduction through 
gases, through fused salts, and even through a number 
of solid substances is of this type. In this case there is 
always a transfer of matter, which can be detected at 
any surface of discontinuity in the materials which 
form the electric circuit. 

In colloidal conduction, the electric current is 
carried by small masses of matter which are suspended 
in some inert medium. The electrical precipitation of 
smoke and dust by an electric current is an application 
of colloidal conduction. 

While the three kinds of conduction are quite distinct, 
yet any two or even all three may take place simul¬ 
taneously. As an example, it sometimes happens that 
when a solvent ionizes, one ion will consist of a single 
electron, while the positive ion will consist of all the rest 
of the molecule. Then when a difference of potential is 
applied, there is both electronic and ionic conduction. 
A complicated example of this is the Nernst filament at 
high temperatures, where both ions and electrons partic¬ 
ipate in carrying the electric current. 

While the fundamental distinction between electronic 
and ionic conduction is the amount of matter carried 
by the current, yet there are other properties which are 
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or less characteristic. The most important of tance at zpro voltage can be determined from the tangent 
is the temperature coefficient of resistance. In to the curve at the origin. 8 1 

s, this is generally positive, while in electrolytes it The explanation of the above phenomena is very satis- 
ative. Hence attempts are often made to deter- faetorily given by supposing that there is some'agencv 
whether a 'substance conducts electronically or which is continually causing molecules of air to separate 
lly by measuring the temperature coefficient of into positive and negative ions 


# 

more or less characteristic. The most important of 
these is the temperature coefficient of resistance. In 
metals, this is generally positive, while in electrolytes it 
is negative. Hence attempts are often made to deter¬ 
mine whether a'substance conducts electronically or 
ionically by measuring the temperature coefficient of 
resistance. At best, this is a very indirect method, and 
results so obtained require additional confirmation.* 

The phenomena connected with conduction through 
insulators depends on the state of the material; that is, 
whether it is a gas, a liquid, or a solid. The process is 
more complicated in liquids than in gases, and still more 
so in solids. Only in the case of gases has a fairly com¬ 
plete, explanation of the experimental phenomena been 
deduced. Hence, in this papep there will be given a 
brief review of the facts and theories concerning conduc- 

Iiaw a__ __* it * t . * 


_ —-O —va. UV/ ocpctiaxe 

into positive and negative ions. These ions usually con¬ 
sist of an atom of either oxygen dr nitrogen having a free 
positive or negative charge equal to the elemental 
electric charge. In atmospheric air undw ordinary 
conditions the rate of ionization is about foiiiroS five-ions 
per cu. cm. per sec. Since in a gas the molecules 
and ions are in violent agitation, the ions are 
likely to collide with each other. Whenever there 
is a collision between two ions having opposite charges 
they may unite to form a molecule. When the number 
of molecules which are reunited each second is equal • 


by Collision 


oi uic lacus ami uieories concerning conduc- of molecules which are , . 4 

tion through gases; following this, a digest of some of the to the number ionWl o ™ lted each sec ? nd is equal 
more important facts concerning conduction through reached. In normal air C0ndltl0n has bee « 

ineIuding a co ^ eIa tion of these facts 700 or 800 ions per cu cm reSe p t 

with the phenomena m gases. armlfnri 7 ? When a voltage is 

* applied t0 the electrodes of the cubic box, the positive 

II. Conduction Through Gases i—t—,—._ 

experimental facts concerning conduction ~ ——————j— -L 

through gases and the theoretical explanation of these ——_ I _ J 

facts have been treated in several different books . 1 ' 2 " 3 _1_1 I T .' ~T V 

n all cases the authors correlate the experimental f~T 3 j T~J f~~f~./' 

facts with the ionic theory. The following is a very "iHH-{---- \Jj+ 

bne, resume of this theory as applied to gases: g KsH-[_L _ | ( I \ 

rid^T/r?f e t ctrodeswhicharethe ° pp °site 8 -liLLJ JTTTT yit 

sidfo of a cubical box having a volume of one cu. cm *TT "IPT | f 

hov ;°fi h nL Slde ^ 0f the b0X areperfect insulators. This 

f atatmosphericpressure - If a very — T —'■—t— B e * ion j 

small potential difference is applied to the nlates for? _ j *&£?[, ~\\ 

.fj 

ditions rhd r .- -n 1 ^ erence - Hence, under these con- L electromotive force -—^—' 

«■» r x ^ c ~»™ — 0 , a a „ 

XeXXnXb t0Wanis tbe negative electrode 

^Tien the potential difference is in the ne* th° the positive ele 10n A are attracted towards 

of 100 volts the cnrmn+ 1 ? i ™ nei « hborb ood P osltl ve electrode. On account of numerous 

amperes. This is called ^ bec . ome about 10~ 18 . lsl ? ns with molecules, however, the actual velocity 

it Ses not inc^a? 1 ?'! f T™ emwt ' si "ee ? “ 10 "‘™”ds the electrodes is only about XX 

ifsrsjsa rvi : ”F“ £ 5 

theSrfT^Tr'“ b * shown by XSXXTX ££?£ 

to a definite scale such “ “T 611 fr0m the » a >">ostas 

pressure, partly becanoA +h* • r a ^ r a t*&ospheric i , iormed. Now as the number of ions nrnrlneeH 
in the air and partly becauJuF 0 ^ 6 ^ 1 ® variati °n in 5 !!!,? S ° e ! y upon some external agency a^increase 
the interesting features wonld^^ to . scale man y of ^ vol t a |e does not increase the current since^the 

^‘heenrve. 

~ formed /canted to afeKS'LS 


Fig. 1-TTe Current-Voltage Characteristic,, of a Gas 

"hi"!" t0Wards the ne « ative electrode 
the positive electrodel^OnTccount^of 

per second ?m dS ^ eIe 1 ctrodes is onl y ab «ut one cm. 
the w h oh e r ?‘ al difference of the electrodes of 

ciablv fliFff eat 1 not ’ m a shor t time, appre- 
in the box 't r r be 'n 0r distribution of the elect™ •• 
velocity of the ',’ 0 ta?e ls mcrcase d, however, the 
3! ?! " al8 ° 15 lnCT “ sed - A point is soon 
sSTSfomS 1?" K “T™ 1 fr0m the Md almosta. 
depends c' w ' N ° W as the ni,mbc '' °t ions produced 

in v“ if teTt S °“ “ ternal ^ “ toomase 

current,denenf ”°‘ lncrease the 0 »«nt, since the j 
the XS ” dS 2? the “™ b er of ions which reach® 
curreTwhth'u The v >f™tion enrrent is, then, the 
potential is tm t" 0 electrodes when the 
ion which is formed* 1 ' ^ 80 ^ bab P ra ctically every 1 

nS’Tf l came ' i ‘he electrodes witho« 
moimng wrth another ron. Although the velocity 
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of the ions increases with increasing voltage, this only 
decreases the time required for the ions to travel from 
the place where they are formed to the electrodes, with¬ 
out changing the number which arrives every second. 

When the voltage gradient becomes sufficiently high, 
the velocity of the i<5hs becomes so great that, on collid¬ 
ing with a molecule df gas, the molecule will be broken 
into ions. Those ions, of which the negative may be a 
free ^ then start awards the electrodes and 

may, afturn, ionize other molecules. Hence, the one 
ion which was produced by an external agency may be 
. the cause of several ions reaching the electrodes. 
Therefore, as soon as the voltage applied to the termi¬ 
nals of the cubical box is so high that ions may have a 
velocity sufficient to produce ionization by collision 
with a molecule, the current increases rapidly with 
increasing voltage. This* is shown in the latter part of 
the curve of Fig. 1. It leads rapidly to breakdown, a 
phenomenon not discussed in this paper. 

There are a number of external agencies which will 
cause a gas to ionize. The.best known are X-rays, the 
a, ft and 7 , radiations from radioactive substances, 
ultra-violet light, and the ever-present radiations of 
unknown origin which might be called ultra X-rays 
The ultra-violet light differs from the other agents in 
that it generally produces ionization only as it is 
absorbed by one of the electrodes. In order to simplify 
the discussion, this type of ionization will not be con¬ 
sidered. The activity of the other ionizing agents can 
be determined from the number of ions produced in a 
gas, per eu. cm. per sec. As already indicated, 
the ever-pfesent ultra X-rays produce some four 
or five ions, per cu. cm. per second throughout the 
habitable volume of the earth’s atmosphere. By sink¬ 
ing a small vessel filled with air some 50 or 60 ft. below 
the surface of a lake, Millikan and his co-v?orkers 6 were 
able to protect this air from the effect of the ultra X- 
rays. Some ions were produced in this air, however, 
which could easily be explained by supposing that the 
metal of which the containing vessel was constructed 
m * nu ^ e traces of some radioactive substance. 
While man has never had a mass of gas in which ions 
were not produced, yet it is possible that under normal 
condition all ionization of gases is caused by some 
outside agency. 

By using X-rays or rays from radioactive materials, 
the rate of production of ions can be made as great as a 
thousand or more per cu. cm. per sec. These 
recombine rapidly, however, so that no appreciable 
part of the 10 19 molecules in a cubic centimeter of air 
is ever ionized at one time. 

In order to develop equations from which the current , 
through a gas can be determined from the applied volt¬ 
age, the following constants must be known: 

Let 


e - elemental electric charge (1.591 X 10~ 19 cou¬ 
lombs.) - 

k+ = mobility of the positive ions; i. e., the velocity in 
cm. per sec. when the potential gradient is 
one volt per cm. 

k~ = mobility of the negative ions. 
a = recombination coefficient. 

§> = ionizing potential; i. e., the potential difference 
through which an electron must be allowed to 
accelerate in order to acquire enough energy to 
ionize a molecule. 

If n is the number of positive ions per cu. cm. of gas 1 - 
at a time t, there will also be n negative ions. Now the 
rate of increase of ions must equal the number, of ions 
produced minus th^ number of recombinations. But 
since the chance of a given positive ion colliding with a 
negative ion is in direct proportion to the number of 
negative ions, the number of recombinations is pro¬ 
portional to the square of th 6 number of ions. Hence 


= q — a n 2 


This equation holds when there is no applied electro¬ 
motive fo;;ce. If this condition persists for some time, 


an equilibrium condition is reached, when 


It is this condition which exists in air under normal 
conditions. 

With a very low potential difference between the 
electrodes, the number of ions which reaches them 
depends on the total number of ions in the field and on 
the velocity of the ions. Hence the conductivity X is 
given by the equation 


X — ne (k+ 4- Jc~) = e ( Jc+ + k- 


q - number of ions produced per cu. cm. per sec. by 


the ionizing agen 


The resistivity p is the reciprocal of X. Hence the 
resistivity of a gas which has been exposed to an ioniz¬ 
ing agent for a sufficiently long time for a stable con¬ 
dition to be reached depends on three constants of the 
gas; namely, the velocity of the positive ion, that of the 
negative ion, and the recombination coefficient. 

The values of these constants for a few of the common 
gases are given in Table I. While the mobilities ^requite 
different in different gases, yet there is relatively little 
difference between the positive and negative ions in the 
same gas. Also the recombination coefficient varies" 
but little for the more permanent gases. 

The saturation current S depends only upon the rate 
of ionization and the volume V of gas between the 
electrodes. . It is represented by the equation 
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TABLE I 

IONIZATION CONSTANTS OF GASES 


Gas 

Mobility of 
positive ion 
k+ 

- cm. /volt 
sec. / cm. 

Mobility of 
negative ion 

JL. 

cm. / volt 
sec. / cm. 

Recombination 

coefficient 

O' 

Hydrogen. 

6. 

7.5 

1.4 X 10“ 6 


5. 

6. 


Oxygen. 

1.3 

1.8 

1.6 X 10" 6 

Nitrogen. 

1.3 

1.8 

1.6 X 10“ 6 

Carbon dioxide. 

0.8 

0.9 

1.6 X 10- 6 

Carbon monoxide. 

1.1 * 

1.1 

0.9 X 10- 6 


r This does not contain any constant of the gas, but de¬ 
pends entirely upon the activity of the ionizing agent 
and the volume of the gas from which the ions can be 
captured by the applied electromotive force. 

The ions, in their passage towards an electrode, 
collide at frequent intervals with a molecule. If, after 
a collision, the velocity of the ion should be zero, then 
at the next collision the energy which this ion has 
acquired is e V l, where V is the potential gradient and l 
the distance it has traveled. To understand what effect 
this collision will have on the molecule struck, it is 
desirable to consider the analogous case of an electron 
colliding with an atom. 

Experiments on gases at low pressures have shown 
that when an electron collides with an atom, the atom 
will be ionized only if the kinetic energy of the electron 
is greater than a certain critical value. The electron 
will normally obtain its kinetic energy by accelerating 
in an electrostatic field. Starting from rest, the kinetic 
energy of the electron at any instant is e V, where e is 
the charge upon the electron and V is the potential 
difference between the starting point and the point 
under consideration. The value of V, which is just 
suflicient to give to the electron enough energy to ionize 
an atom, is called the ionizing potential. Values of the 
ionizing potential are known for the atoms of most 
gases. 

Likewise a molecule will be ionized by collision with 
an ion or electron, only if the velocity of the latter is 
sufficiently high. Since the velocity at impact depends 
not only upon the potential gradient but also upon the 
length of path between collisions, the voltage at which 
ionization by collision will begin increases almost in 
direct ratio with the pressure. 

Our knowledge of conduction through gases at normal 
p^sure, when the applied voltage approaches that 
which produces breakdown, is very incomplete. There 
is sufficient evidence to show that the rapid increase of 
current is the result of ionization by collision. It is not 
however > formulate the laws under 

„ which it acts. 

III. Conduction Through Liquid Dielectrics 

'. The cu ™r nt is carried through most liquid dielectrics 
by ions. Hence most investigators have attempted to 
explain conduction through such substances by applying 
to them the same laws as hold for gases. The discussion 


of conduction in liquid dielectrics, therefore, centers 
around the production of ions, their mobility, and 
recombination. 

Ions in a liquid dielectric may result from ionization 
of the dielectric itself, as,is generally the case with a 
gas, or they may come from the ioxfization of substances 
dissolved in the liquid. The S£fme external agencies 
that cause ionization of a gas will produce ionization in 
a liquid. In addition *to these external agencies, the 
liquid may ionize spontaneously and ionization is often 
produced by some physical or chemical action between 
the liquid and a substance dissolved in it. The first is 
called ionization by dissociation; the second ionization 
by solution. As very minute amounts of a dissolved 
substance may produce a relatively large number of 
ions, impurities which can be removed only with 
difficulty often produce more ions in a liquid than is 
produced by a relatively.intense external ionizing agent. 

There is some evidence that all liquids are ionized 
by ever present ultra X-rays. In hexane the number of 
ions produced per cu. cm. per sec. is nearly fifty times 
as great as in air 25 . In most liquids the effect is masked 
by the effects of other ionizing agents. 

X-rays and the rays from radioactive substances 
produce ionization in all liquids that have been exam¬ 
ined. The effectiveness of a given ray is different in 
different liquids. For example, Jaffe 34 found that for 
hexane the ratio of ionization compared to air is about 
1/1000 for a-rays but about 1/10 for /3-rays. Also 
Greinacher 27 found that the number of ions produced by 
a given beam of a-rays was twice as large in par affin 
oil as in petroleum ether. • 

The rate of recombination of ions in liquids is much 
less rapid than in ga^es. The few values of the recom¬ 
bination coefficient that have been determined 26 lie 

between 10*° and 10-“, or of the order of one millionth 
of that of gases. 

The mobility of ions in a liquid is much less than in 
a gas. Values for a few liquids are given in Table II. ' 
I hese values are of the same order of magnitude as 
the mobilities of ions in electrolytic solutions. There is 
a large increase in mobility with temperature, as is also 
the case with electrolytes. 

No values of the ionization potential of a liquid mole¬ 
cule are available. 

TABLE II 

__ionization constants op liquids 


Liquid 


Petroleum ether. 

Vaseline oil. 

Toluol. 

Carbon tetrachloride. 

Paraffin (60 deg.). 

Electrolytic solutions 
water.. 


Average mobility 
of positive 
and negative 
ions —k 
cm. I volt 


sec. 


cm. 


500 X 10 ~ 6 

5 X 10- 6 

0.2 X 10~ 6 

240 X 10‘■® 

1600 X 10 ~ 6 


Recombi¬ 

nation 

coefficient 


3000 1 
to 300 I 


X io-« 


|35 

4 


X io- 12 
X 10- 12 


Authority 


26 

26 

17 

33 

49 
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According to most investigators, the current which 
flows between two electrodes immersed in a liquid and 
maintained at a constant potential difference is deter¬ 
mined by the differential equation 

d n m 

— r q-atf-s ( 5 ) 

where 

n = the total number of ions at time t 
q = the rate of production of ions 
a = the coefficient of recombination 
s = the rate at which ions reach the electrode— 
proportional to the current 
If tjie ions are uniformly distributed through the 
liquid 

s = 0 n ( 6 ) 

where 0 is a constant which among other things involves 
the mobility of the ions. Substituting this in (5) and 
separating the variables 

_ dn _ 

q — 0 n— an 2 ~ ( 7 ) 

Integrating ' 

2 an + l 8 + V4^? + 0 J -— 

logn 2a n + ,- v *«., + , - | *' 4a « +<F + c 

( 8 > 

This shows that n is an exponential function of t. It 
follows that s, the current between the electrodes, de¬ 
creases as the time during which the electromotive force 
is applied increases. This same solution holds in the 
case of gases, but in them, the mobility is so great that 
equilibrium is reached in less time .than that required 
for the measuring instrument to reach a steady con¬ 
dition. With liquids, however, the mobility is much 
less and the decrease of the current with time can be 
readily observed. Most observers have made readings 
one minute after the application of the electromotive 
force. During this time, the current will in most cases 
become stationary. 

The conductivity X of a liquid is given in terms of 
ionic constants by an equation similar to that for a 
gas, namely: 

X = 2 nek (9) 

where 

X = the conductivity 
e == the charge on an ion 

n = the number of ions per cubic centimeter in the 
stationary state 

k = the average mobility of the positive and negative 
ions. 

As the mobility of ions in liquids is from a thousand to 
ajmillion times less than the mobility in gases, the 
conductivity for a given concentration of ions is pro¬ 
portionally less or the resistivity proportionally greater. 
The number of ions, however, is generally so much 
greater in liquids than in gases that the resistivity of 


many liquids is less than that of gases under similar 
conditions. 

As the potential gradient in a liquid is increased, the 
current approaches saturation in the same way as in a 
gas. Difficulties, however, are frequently encountered 
in the experimental determination of the saturation 
current of a liquid. As an example, when the number 
of ions is small, it is probable that most of them will be 
caused by the solution of traces of impurities. Before 
the current becomes stationary, many of the ions of the 
impurities will go to the electrodes, thus removing from 
the liquid the cause of the ionization. Hence, before the 
saturation current can be reached, the fundamental 
character of the liquid has changed. , - 

As a second examplt, when the liquid contains a large 
number of ions which have been produced by any cause 
whatever, an ion concentration occurs near the elec¬ 
trodes before the current becomes stationary. The 
potential gradient in the region of this concentration is 
reduced so that the gradient near the electrodes is less 
than at a point midway between them. On account of 
this reduced gradient, the velocity of the-ions towards 
the electrodes is reduced and the chance for recombina¬ 
tion increased. These two examples show that the 
experimental difficulties of determining the saturation 
current in a liquid are much greater than in the case of a 
gas. 

Another difficulty in connection with the determina¬ 
tion of the saturation current in a liquid is that ioniza¬ 
tion by collision may start before the potential gradient 
is sufficiently high to produce saturation. When this is 
the case, no true saturation current occurs. This phase 
of conduction in liquids, however, has received very 
little systematic investigation. 

Much larger potential gradients can be applied to 
liquids without appreciably affecting the conductivity 
than can be applied to gases. Thus, in most liquids, the 
conductivity obeys Ohm’s law if the potential gradient 
is less than three or four hundred volts per cm., whereas 
in a gas it must be less than one volt per centimeter. 
Where higher potentials are applied the current does not 
increase as rapidly as the potential. For example 
Jaffe 23 found for several liquids that if the potential 
gradient were between 500 and 3000 volts per cm.’ 

I = a + cE (10) 

where a and c are experimental constants. 

The resistivity of most liquids decreases with increas¬ 
ing temperature. This is largely caused 16 by a change 
in mobility, as the number of ions is nearly independent 
of temperature. Attempts to correlate 11 the resistivity 
of a liquid with its viscosity, however, have been 
unsuccessful. 

The above explanation of the passage of electricity 
through liquid dielectrics is based on the assumption 
that the ionic laws of gases can be applied to liquids. 
Some investigators are of the opinion that these laws 
will require some modification before a complete 
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. explanation can be given. Von Schweidler" has pro- In addition to the external agencies which produce 
posed two modifications; the first suggests that equation ionization, substances dissolved in a dielectric mav j 
( }, which gives the rate of increase of ions, should be produce it. Familiar examples are water dissolved in 

. dn ~ rubber and alcohol dissolved in shellac. The influence I 

dt - /W ~ s (11) of minute quantities of a dissolved substance is often 1 

,_, , , . , „ . very marked. Hence, there is often great difficulty in 

where / (n) is an unknown function. The reason for ascertaining the true resistivity of a substance since it k ^ 
this suggestion is that the solution of equation "(5) exceedingly difficult to remove the last traces of an 

shows the current to be proportional to the square of the impurity. Some dielectrics ionize i ! 

ronduetivit^ while experimentally the current is found There in JTLSTfetJTItetTfi 

of the ions which are left decreases as the time ® vcr ’. are “°t entirely characteristic. In case of light- 

cation of the electromotive force increases Thisagrees the^mnh'l^^T 1 ’ ^e^gative ions are single electrons, 

with the results of teste on several IMd' ^ ot '“*'<* » Probably quite high, whd •: 

„ „ “ °; P° atl ™ i> negligibly small in compari- 

IV. Conduction Through Solid Dielectrics SOn ’ In ^ 1S case con ^ction is electronic. 

Conduction in solid dielectrics in difficult to distin- 
guish from the phenomena of absorption and residual 
harge. In this respect, solids are entirely different 

SZm q ?f Snd 83868 “ WWch these Phenomena are 
seldom, if ever, present. Also, electrons play a more 

or C ° n “° n throu « h »Ms than liquids 

cLmon'fhA i c ° nducfa <®> however - is much more 
common than electronic. Hence in the discussion it 

7on* h Z°:S Ted i hat COnductiori in s °lids is caused by 
mm, the electron being considered the smallest possible 

Although the external agencies which cause ioniza- 

radioactive substances,-the effectiveness of the diffeA 
ent agencies is quite different j cne dlHer " 

radioactive substances ,wA “ *** P rays from 

solid dielectrics Akn > SOmer and P erha Ps all, 
given wave len^th^ f probabIe that for any 
solid can be fm,L m k,-l e L,?? a ? le ! ;ic radiation some 


TABLE III 


IONIO CONSTANTS 


Average mobility of 


ions 

cm. / volts 


Recombination 

coefficient 
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There are practically no data concerning the ioniza¬ 
tion potential of the molecules of a solid. There are, 
however, sufficient data to show that ionization by 
collision occurs in solids although it is often difficult to 
separate it from other phenomena which are present 
when high voltages are applied to a solid dielectric. 

It is probable that the. law of ionic equilibrium given 
in equations (1) and (5) will require modification even 
in the case of homogeneous solids. At present, however, 
it furnishes the only accepted basis from which to dis¬ 
cuss the observational data. On this basis materials 
should have a definite resistivity when the applied volt¬ 
age is low and the time of application long, and should 
reach, or at least approach, a saturation curve when the 
voltage is sufficiently increased. Both conditions have 
been observed. 

To conform with this law, conduction current in a 
solid must decrease with time according to an exponen¬ 
tial law, as has been shown to b*e the case for a liquid. 
The measurement of the conduction current in solids, 
however, is complicated by the fact that the absorption 
current also decreases with the time in much the same 
way. There is no known method of distinguishing 
between these currents. In some materials, however, 
the conduction current is so great that the absorption 
current can be neglected. Moreover, in all materials, 
the absorption current tends towards zero, while the 
conduction current tends towards a fixed value, pro¬ 
vided the ionization remains constant. The ionization 
in solids is generally due to conditions within the mate¬ 
rial. Often these conditions are disturbed by the passage 
of the current so that the current at infinite time does 
' not represent the true conduction current. It follows 
that no entirely satisfactory procedure can be estab¬ 
lished. The commercial practise of reading the cur¬ 
rent at the end of one minute after the potential has 
been applied appears to be as good a one as any that 
can be suggested. 

The saturation current in solids has occasionally been 
observed. An interesting case is reported by Jaffe 67 , 
who found that the current in crystalline quartz was 
independent of the applied potential if the potential 
gradient was between 10,000 and 50,000 volts per 
centimeter, and that a steady condition was reached in 
three seconds after the application of the voltage. 

Ihe change of resistivity with temperature depends 
o on the change in the number of ions and on the 
change m their mobility. In some solids the tempera- 
ure coefficient is small and positive, but in most solids 
,, S , a T ge and ne g a tive. Rasch and Hinrichsen 44 found 
tnat, m glass, the change in resistance R could be 
represented by the formula 


log R =-A- +B 


( 12 ) 


wnsL^ S t ^- abS ° 1Ut f temperature and A and B are 

ber of cnK , Tllls sam ® law ha s been found to fit a num¬ 
ber of substances. As the dissociation of gases into 


i5ns (a subject not treated in this paper) obeys the same 
law, the conclusion is often drawn that the cause of the 
negative temperature coefficient in such solids is the 
dissociation of molecules into ions caused by the in¬ 
crease in temperature. This law, however, holds with 
some solids in which the change in resistance with 
temperature is known to be caused,—at least in part,— 
by ,the increase in mobility of the ions. Hence the 
dissociation coefficient can be determined from the 
temperature coefficient only when there is no change of 
mobility with temperature. 

The above deductions concerning homogeneous 
dielectrics apply to the individual components of a 
heterogeneous dielectric. The most interesting form 
of such dielectrics is one composed of layers perpefidicu- 
lar to the direction of current flow. A consideration 
. of this type leads immediately to the question of absorp¬ 
tion, a subject which has been treated in another paper* 
of this series. 

V. Conduction over the Surface of Solid 
Insulators 

Gases or vapors are often condensed to a liquid 
form on the surface of a solid with which they are in 
contact. Jf the angle of contact, between the 
solid and liquid is greater than 90 deg., the liquid 
collects in droplets: but if the angle is less than 90 deg., 
the liquid spreads, in a film, over the surface of the solid. 
In one case, the presence of the liquid has little effect 
on the insulation of electrodes fastened to the solid, 
but in the other, the current which flows from one 
electrode to another through the solid is often much less 
than the current which flows through the condensed 
liquid. I 

The condensation of water vapor from the air on solid 
surfaces is a familiar example of surface condensation. 
With waxes, the condensed water forms into droplets, 
but with most materials, it spreads in a film over the 
surface. If the film is formed on the clean surface of an 
insoluble material, like quartz or amber, the water is 
very pure. Since pure water is a poor conductor, the 
film may not carry an appreciable current. The 
slightest trace of a soluble salt however, will so greatly 
increase the conductivity of a film that the current 
through it may be much larger than that through the 
solid itself. Many solids, such as glass and porcelain, 
are sufficiently soluble so that films deposited on them 
are always conducting. The presence of delequiscent 
salts very greatly increases the amount of condensed 
water. In all cases, the amount of condensed water 
increases as a rather large power of the relative humidity. 

Surface films play an important part in conductivity 
through porous materials, such as unglazed porcelain, • 
marble, and slate. The pores extend deep into the 
material. If a specimen is exposed to a humid atmos- 
phere, the p ores become lined with a film of water, which 

*J. 13. Whitehead: Dielectric Absorption and Theories of Dielec¬ 
tric Behavior, A. I. E. E. Trans., Vol. 45,1926, Mar. p. 102. 
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may , ha ;Y e a conductivity many thousands of times 
* greater than that of the material itself. The result is a 
decrease in the volume resistivity of the material. 
Evershed considers that conduction phenomena in 
fibrous materials is associated with surface films in the 
pores of the material. However, he makes the further 
assumption that the thickness of the film decreases as 
the applied voltage is increased. This explains the 
increase of resistance with increasing voltage which is 
shown by such materials. 

VI. Conclusion 

This paper includes only a small part of the facts 
which are known concerning conduction through 
insulators. There is every reason to believe that all 
the known facts can be explained by the ionic theory, 
e mam tenets of which are herein set forth. The 

25? ° f t3 ?- S u U0r J are sufficientI y developed to 
explain practically all the experimental facts in con¬ 
nection with the passage of electricity through gases. 
The same cannot be said in regard to liquids and solids. 
Here the phenomena are more complex and the experi- 
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fluid dielectrics is given. % 


Truck refrigeration on a commercial scale has proved 
very successful in California in bringing to market from 
the. hot valley interiors butter, eggs, veal and other 
perishables. On hauls of 215 miles from the San 
Joaquin valley to the coast not a pound of any com- 
* —v, ,vui, cu uy raaiumrays. modity has been lost, or its market value reduced by 

1912 ! T]f llewski ’ M: ‘ : Jl Russian Phys. Chem. Soc. 44, p. 105; failure of refri geration or lack of speed in transportation 
form and of 8ul i ) hur depends on its crystalline since the service was installed during the early part of 

onn and in the amorphous state on the amount of illumination, the past summer. 
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Discussion at Kansas City and Bethlehem 

PAPERS ON MERCURY ARC RECTIFIERS 

(Marti and W inograd*, Shand*, Butcher**) 

Kansas,City, Mo., March 18, 1927 
Bethlehem, Pa., Afril 21, 1927 
{Discussion at Kansas City) 

II* RlasM^rs A limited study on the application of m 
ire r* etimers to a city street railway system brought out 
m ** * i ngcomparisons that might be of interest. 
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CALCULATED DATA USED FOR CURVES USED IN DISCUSSION OF APPLICATION OF MERCURY ARC RECTIFIER 

75(T-Kw. Station—Outlying District 



Load, kw., 
max. hr. 

Hours 

oper. 

Avg. 

load, 

kw. 

Load 

factor per cent 

Machine 

factor 

Saving with re 

ctifler, per cent 

60 cycle 

25 cycle 

Maximum day. 

1000 

20.5 

608 

60.8 

81 

1,23 

0.35 

Average winter day.*. 

810 

20.0 

498 

61.5 

66.5 

1.85 

0.64 

Average day for year....... 

700 

18.88 

445 

63.5 

59.4 

2.30 

0.83 

Average summer day.... 

610 

17.75 

400 

<% 

65.5 

53.3 

2.80 

1.02 


Rectifiers in Parallel at all Times 


Maximum' day.,. 

Average winter day. 

Average day for year.—.. 

Average summer day..... 

2000 

1620 

1400 

1220 

24 

24 

24 

24 

1110 

900 

780 

! 680 

55.5 

55.5 

55.5 

55.5 

76 

60 

52 

45.5 

0.32 

1.30 

1.80 

2.30 

-0.52 

-0.05 

0.20 

0.42 

1500-Kw. Stations—Intermediate District 

Single Unit 750-Kw. Rectifier Up to 750-Kw. Load 

Maximum day. 

Average winter day.... 

Average day for year... 

Average summer day.. 

2000 

1620 

1400 

1220 

24 

24 

24 

24 

1110 

900 

780 

680 

55.5 

55.5 

55.5 

55.5 

76 

• 60 

52 

45.5 

0,90 

1.90 

2.75 

4.20 

o.ho 

0.89 

1.40 

2.15 


Rectifiers- have not been in service for sufficient time in this 
country to obtain maintenance costs that are truly comparative 
with other types of apparatus and until this information is 
available comparisons of total operating costs will have an 
unknown factor that might lead to erroneous conclusions. 

R. G. McCurdy: I wish to discuss briefly the effect on 
inductive coordination between electric street railway circuits 
and telephone circuits induced by the use of mercury arc recti¬ 
fiers. In his paper Mr. Shand refers to the importance of this 
problem and it is mentioned briefly in 1 the paper by Messrs. 
Marti and Winograd. It may be of interest to consider the 
relative advantages of rotating machinery and mercury arc 
rectifiers in this respect, along with the relative advantages from 
the power standpoint. It would be unfortunate in this respect 
if such a new-development should result in a general increase in 
the a-c. components on street railway circuits in the range of 
requencies employed in the telephone circuits, thus increasing 
the inductive influence of the street railway circuits. 

In considering this problem, it should be remembered that the 
Listnbution system of the street railways is a system having one 
side connected to ground. For given magnitudes of voltages 
and currents of voice frequencies, the inductive effects are much 
more severe than with circuits which are connected to ground 
only at neutral points. Moreover, it is of course impossible to 
employ transpomtions in the trolley circuits to reduce coupling 

with neighboring communication circuits. 

As brought out m the paper by Messrs. Marti and Winograd 

Pr6 f nt “ 1116 volta « e wave shape on the d-e. side of the 
rectifier, npples whose magnitude and frequency depend upon the 

Sr Cy ThefV Und rr tal a ' e - Supply a » d the number of 
“ t J.t f ^ d “ taj yequency of the ripple is equal to the 

number of 1 fu ? dame * tal f ? e <Wency of the a-c. supply and the 
boft odd lrr ?’ P • The fund “tal ripple contains 
fcmS As the ^ umber * Phases increases, 

S Sl ofiS J% fU + f amental ripple leases, as is shown 

supS Lm fl 0f t 6 PaPer ' ThuS in a 6 -P hase rectifier, 

«of theriDnle qaa G J ee souree> fundamental frequency 

rectifier I 20 " cycle ^^Ponent in the 12-phase 

less than that of the 360-cycle 

thetodaientrifre^ 86 If there were 24 Phases, 

its magnitude would he^ ° f npp J e would be 1440 cycles and 
ripple present in the 1 2-phSe < ^vice ° f 72 °' CyCle 


the magnitudes of these harmonics fall off with increasing fre¬ 
quency. The second harmonic, 720 cycles, is about one-fourth 
of the 360-cycle component while that of the 1440-cycle com¬ 
ponent is about one-eighth. It will be seen, therefore, that the 
6-phase rectifier has all the harmonic components that the 
12-phase rectifier contains and in addition contains 360, 
1080 and other odd harmonic multiples of 360 cycles. 

As brought out in the papers, there is usually considerable 
series inductance in the feeder circuits and load of street railway 
systems. The percentage harmonic in the current is usually 
less, therefore, than it is in the voltage, the percentage of current 
harmonic with respect to voltage decreasing with increasing 
order. In a particular instance which I have in mind, the im¬ 
pedance of the load for the harmonic frequencies was equivalent 
to an inductance of about one millihenry. 

In the table on the seventh page of the paper, to which I previ¬ 
ously ref erred, there is shown also the effect on the wave shape 
of a series reactor. The rectifier itself at voltages of about 600 has 
a low internal reactance as compared with the reactance of the 
feeders and the load. The rectifier acts, therefore, practically as 
a constant-potential generator of these frequencies. As the 
impedance, of the load varies for these frequencies, the harmonic 
voltage impressed upon it does not change appreciably. If a 
series reactor is inserted, it is evident that the total harmonic 
current and the harmonic voltage impressed upon the load will 
be reduced in the ratio which the total impedance of the load and 
series reactor bears to the impedance of the load. In the case 
cited m the paper by Messrs. Marti and Winograd, the series 
reactor was about three millihenrys, the load impedance being 
about one millihenry. . There is thus a reduction of about four 
to one in the harmonic voltages impressed upon the load. It 
is evident that if the load impedance were larger or the Series 
reactor smaller, the reductions obtained would also be smaller. 

It is known, of course, that there are also harmonic ripples 
present in the d-c. sides of rotating apparatus for converting 
from alternating to direct current. It will be of interest, there¬ 
fore, to compare mercury arc rectifiers with rotating converting 
apparatus in this respect. To date in this country there has 
been a number of installations of mercury arc rectifiers on street 
railway systems from which experience has been obtained 
These experiences have indicated that the inductive influence 
on telephone lines of street railway systems will be increased by a * 
factor of between five and ten to one by the use of a mercury are 
rectifier not equipped with auxiliary devices, for correcting the 
wave shape, as compared to the influence when rotating con¬ 
verting apparatus is employed. The general experience with 
induction from street railway systems supplied by rotating 
converting equipment has been that the noise is largely due to 
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utator ripples from the car motors. When mercury arc 
rectifiers are used, the source of the noise has been due chiefly 
to the harmonics from the rectifier, the effects from the car 
motors being overshadowed. 

The impedance of rotary converters to the harmonic frequen¬ 
cies is of the same order of magnitude as the internal impedance 
of the rectifier. When a rotary converter and a mercury arc 
rectifier are operated in parallel in the same substation through a 
reactor, the harmonic currents circulate locally and do not get 
out to the feeders. Under such conditions, the noise effects c on 
the telephone lines will be very much reduced. When rectifiers 
and rotary converters are operated in parallel in different sub¬ 
stations without a series reactor, harmonic currents are ex- 
% changed between the rectifier and the converter, which are 
determined by the magnitudes of the harmonic voltages from the 
rectifier and the impedance of the feeders between the two 
substations. The harmonic currents taken by car motors are 
small as compared to these currents. When these tie feeders are 
involved in telephone exposure, the effects are particularly severe, 
the noise being practically constant in magnitude and indepen¬ 
dent of load so long as the rotary converter and,, the rectifier are 
connected to the line. 

All types of telephone circuits are affected by these induced 
disturbances, including interoffice trunk circuits used for private- 
branch ’ exchanges and party-line subscribers’ circuits. Individ¬ 
ual subscriber circuits are also affected under some conditions. 
These circuits are affected even when they are carried in under¬ 
ground cables. 

Reference is made in the paper to a small percentage of cases 
involving mercury arc rectifiers which have given telephone 
troubles, but, as I understand the matter, this figure is based 
upon European experience. So far, experience in this country 
has indicated that the percentage which will require remedial 
measurements will be very much higher than that. Our ex¬ 
perience has been that where these mercury arc rectifiers are 
connected without auxiliary devices for modifying wave shape 
to street railway circuits involved in telephone exposures, severe 
noise is caused in the telephone circuits. In two or three in¬ 
stances it has been necessary to temporarily shut down the 
mercury are rectifier until a remedy could be applied. 

In cooperation with the manufacturers of these rectifiers, and 
with the street railway companies that are particularly involved, 
work is being carried on by the American Telephone and Tele¬ 
graph Company and Associated Telephone Companies to deter¬ 
mine remedial measures. Consideration is being given both to 
measures that may be applied to telephone circuits so that they 
may withstand a higher degree of inductive influence, and 
to corrective measures which may be applied to the mercury 
are rectifiers to reduce their inductive influence. 

In reference to the latter, consideration is being given to the 
use of filters. One particular arrangement which is being in¬ 
vestigated consists of a series reactor having an inductance of 
about r one millihenry, with three shunt branches, each consisting 
of inductance and capacity tuned for the 360-, 720- and 1080- 
cycle components. This arrangement gives large reductions in 
the magnitudes of those particular harmonics and appreciable 
reauctions in the magnitudes of the harmonics of 1440 cycles 
and above. With such a filter connected to the rectifier, its 
telephone interference factor will be reduced to that of a reason- J 
ably good rotary converter. Under such conditions it would ] 
seem to make no particular difference, so far as inductive co- .J 
9 ordmaticm betwee n the d-c. circuits and telephone circuits is 3 
concerned, whether the power were obtained from a mercury i 
arc rectifier or from rotating converting equipment. At present, 3 
it is not possible to give any precise figures on what the cost of < 
such a filter will be, but it does not seem that it wifi very mate¬ 
rially change the cost comparisons between mercury are recti- ( 
fiers and rotary converters. 

In addition to the effects involving the d-e. side of the rectifier, \ 


there is also a problem of wave-shape distortion on the a-c. side 
The eurrentinput to the rectifiers from the a-c. supply contains 
harmonics of considerable magnitudes. The effects on the 
telephone interference factor of the voltage depends upon the 
relative ratings of the rectifier and the generating system and the 
impedances of the feeders to the harmonics. If the rectifier 
load is small as compared to the power cnpacity of the generating 
system and the feeder is short, the effect on the a-c. system is not 
large. If rectifiers form a large proportion of the load, such as 
might be the case with a main line railroad electrification, the 
effect on the a-e. voltage and current waves would be important 
and the difficulty of coordinating the a-c. supply circuits -with 
neighboring telephone circuits would be materially increased. 
There is an important difference, however, in that these har¬ 
monics are in the balanced voltages and currents rather than in a 
circuit having ground as one side. 

A. S. Biesecker: In connection with the first method of 
which you spoke—that is, the introduction of the reactance in 
order to smooth out the current curve—by what percentage is 
that going to affect the regulation? 

R. G. McCurdy: The regulation of the rectifier is effected 
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only by the d-c. resistance of the series reactor. The power losses 
in the shunt elements are entirely negligible. There seems to he 
no particular difficulty in designing the series reactor to have a 
voltage drop of 0.5 per cent or less of the rectifier voltage where 
this is 500 volts or above. $ith lower voltage rectifiers, of 
course, the loss in the series coil would be more serious. 

G. E. King*: What, in microfarads, is the capacity of the 
condenser you would have to put in there? 

R. G. McCurdy: In the particular arrangement I have 
described, which is applicable to a 600-volt, 60-cycle, 6-phase 
rectifier, the series reactor is one millihenry and the reactor in 
each of the three shunt branches is two millihenrys; approxi¬ 
mately 100 microfarads are required in the 360-cyele branch, 
25 microfarads in the 720-cycle branch and 10 microfarads in the 
1080-cycle branch. A design involving more inductance and less 
capacitance would be more economical for higher d-c. voltages. 

A. S. Biesecker: Does it require as much capacity as that 
for each installation? 

R. G. McCurdy: That is one of fhe matters which must be 
determined by the cooperative studies by the manufacturers and 
street railwayed telephone companies, to which I have referred. 
It is obvious, of course, that 1 if the mercury arc rectifier were 
connected to a trolley system which is not involved in telephone 
exposures, no filter of any sort would be required. As a rule, 
however, wherever we find street railway systems, we are likely to 
find telephone systems in proximity so that some filtering equip¬ 
ment wall be required. The total amount of capacity required 
will, of course, be determined by the reduction in harmonic 
voltages and currents which must be obtained. 

Clark: Is the trouble caused by harmonics in the 
rec i er comparable with the trouble caused by harmonics in the 
rotary converter? 

R. G. McCurdy: While there are occasionally encountered 
rotary converters which have fairly large harmonic components 
m the voltage wave, approaching those of the mercury arc recti- 
her, as a rule, rotating equipment has noise-producing harmonics 
amounting to npt more than 10 per cent or so of a six-phase 
rectifier not equipped with correcting means. In a number o' 
instances where rotating apparatus having these large harmonic. 
Has been encountered, these harmonics have been reduced by the 
application of auxiliary devices, such as resonant shunts. As i 
rxue, there has been sufficient series impedance in the general 
or converter to make it unnecessary to introduce a series reactor. 

R. E. Curtis: The Luzerne County Gas and Electric 
corporation 1ms had experience with harmonic filters. We have 
s a e a filter on a 25,000-kv-a. generator for this very trouble, 
and i wonder if the American Telephone and Telegraph Com- 
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any is not in a position to stand the expense for any of these 
armonic filters that are required. • 

R. G. McCurdy: I feel that this matter of the division of cost 
' coordinated measures between the power and telephone 
►mpanies is somewhat beyond the scope of this discussion, 
seems to me, however, that when any utility is considering the 
se of new apparatus <*>r methods of operation resulting in 
>erating economics to the particular utility employing it, a 
udy should be made to determine what methods of inductive 
'ordination would be required by the introduction of the new 
>paratus or methods. It seems obvious that over-all econo mi es 
ould be considered rather than the individual economy to any 
articular utility, and the introduction of any new devices or 
ethods, which require for inductive coordination the expendi- 
re of sums of money larger than the amount involved in the 
derating economies, is a step in the wrong direction. The whole 
atter of inductive coordination should be attacked from the 
andpoint of the best engineering solution using apparatus and 
ethods in the plants of both utilities which will permit them 
>th to meet their present and future service requirements 
’ectively and at a minimum total cost. 

Caesar Antoniono: We have been listening mostly to one 
le of the story, the manufacturers’. We have one of these 
etifiers which was put in operation a year ago last June. At 
at time we had in Chicago the problem of handling the crowds 
the Eucharistic Congress, whieh was one of the biggest tasks 
at any railroad ever undertook—to carry such a large number 
people over such a distance in th at time. This rectifier station 
ts the last leg of the outfit. We had confidence in it. We had 
install eight substations to take care of that load. About 18 
. of double track was built to take care of that. So, this 
itifier was very much depended upon. 

Just to show you what we know about the rectifier and what 
don’t know— it seems there are many things we don’t know 
out it yet. The theories presened here this morning I take 
bh a grain of salt—some are true, or they appear to be true, so 
as our experience goes. 

U noon before the Eucharistic Congress we were still baking 
' the rectifiers, uncertain whether we were going to have them 
service or not. It developed at noon that we had one anode 
iing on one tank. Consideration shewed that if we were 
ag to take the tank apart again and try to re-seal the leaking 
>de, we would not be able to re-bake it in time to put it into 
nee. That service was to begin at three o’clock the next 
ming, and this was noon. 

t was decided, therefore, to take a change, therefore, inas- 
3h as by keeping the vacuum pump running, it would keep the 
uum up. We put it into service that afternoon. It carried 
?ht load until 3 a. m. From then on, the rectifiers stood up 
er momentary peaks of 300 per cent load without a flicker or 
. efle< ^ apparently on the rectifier. The only trouble we 
into right off when it began to pick up the load—was heat- 
It seems that the way we had arranged the cooling water 
not proper to take care of this load. 

his substation was installed in the country and the cooling 
er is pumped continously from a well. The fir st idea was 
1 we ^ water was perhaps too cold to apply to the cathode 
to the tanks and, therefore, it was considered the best policy 
i'scharge the water back into the well ease. Right away we 
med that too much. So, it was necessary to discharge the 
u* outside and yre went through that day without any hitch 
I as far as the rectifier carrying the load was concerned. 

. k a PP eile d that a few weeks after that, the designer of that 
icular rectifier came on the job and we told him the anode 
Leaking. He said, “Well, if I had been on the job, it wouldn’t 
s been put on the line.” That anode was there until a month 
when for some reason the factory decided to change it. It 
considered that a perfect vacuum must be had to run. This 
fier had a leaky anode running for ten or eleven months 
3ut causing any trouble. 
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Now I am optimistic in believing the mercury rectifier has, 
a held, and if some of the properties will make trial stations, I 
think that the troubles will be overcome pretty quickly. 

We have been compelled by ordinances in some towns not to 
put up certain types of buildings in certain locations. That 
wih ban the converters from those locations on account of the 
noise unless an expensive structure is designed to be sound 
proof. 

There is another place where the rectifier adapts itself very 
readily to the load in certain conditions. This is at a railroad 
crossing. Our trains may approach a crossing at a speed of 
5 mi. per hr. and then slow down to 15 mi. per hr. which is the 
ruling of the commission, in crossing the railroad. The result is 
when a tram approaches the crossing, at a distance of about 
2 mi. it shuts off the power and goes over the crossing without 
power When it gets on the other side of the crossing power 
must be available. With the rotary converter station it is 
necessary to set the relays very high or slow, otherwise the 
station may shut down. *It takes from 25 to 35 sec. to get the 
station back on the line. Rectifiers have proved to be better 
equipment for that class of service. The rectifier picks up the 
load right away when the trains get on the other side of the 
crossing, in about 10 sec. We haven’t heard of any telephone 
interference. We have a private telephone cable for the rail¬ 
road’s use passing right by the station and there is no inter¬ 
ference there. The telephone property is about % mi. away 
and there is no interference at this time, although in that same 
vicinity we have had radio complaints on the rotary converters. 

. There are other things that appear to be in favor of the rec¬ 
tifier as agaihst the converter. One thing we have to contend 
with in the rotary converter is flashing over and locking out. 
That seems to be in some cases quite serious. 

Then, we have the commutator and brush troubles. Every 
one brows the troubles of the commutator of a high-speed 
machine. Also the a-c. brush is as much trouble to the con¬ 
verter man as the d-c. brush on account of serious dust. The 
dust spreads all over station equipment and causes troubles on 
contacts and insulation. 

A question has been asked about the load division. This 
load division question brings us back again to what we don’t 
know about the rectifier. We had a case'where one starting 
anode stuck closed for over a week and would not draw an arc 
and pick up any load. During this time we assumed the two 
tanks were working though one was not. Without any apparent 
trouble one tank was doing the work both were supposed to do. 
We didn’t know the difference. 

As to repairs, as has been brought out, we have not had much 
experience on what repairs amount to, but the impression I got 
is that the repairs are not going to be anything as compared to 
those on rotary converters. 

A. Herz: Mr. McCurdy mentioned something about tele¬ 
phone interference. On that subject Mr. McCurdy can tell you 
more than I can, but the audibility or sensitivity curve of the 
human ear is, I think very interesting. From analysis of the 
inductive influence liberated by these rectifiers, we know that a 
great percentage of induction is in the order of the 6th harmonic, 
that is, 360 cycles. Another large batch of it comes in at tb$ 
36th harmonic, that is, 2100 cycles. Between these there is a 
valley in this induction. This, of course, is a favorable circum¬ 
stance and is a material help : in the problem of inductive 
coordination. 

It is an interesting fact that the inductive influence caused by 
the rectifiers is really in the valley of the sensitivity curve of the 
human ear. It may come in higher up again, as some claim that * 
the human ear has two sensitive spots, one of which is much 
higher than the one I have mentioned. 

Changing the subject, this matter of having substations 
3 }£ mi. apart on heavy electrification raises the question where 
are we going to stop? If we increase our traffic we shall have to 
put in substations \y 2 mi. apart, assuming the use of 700 volts or 
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less on the trolley. The rectifier now gives us an opportunity 
• to increase the voltage. I believe it is very opportune that it 
does. When you have to put substations in at spacing of 1mi. 
it is nearly time to increase our trolley voltage. Certainly 1500 
volts is practically out of the question in city electrification on the 
streets; 1500 volts or higher is more applicable to interurban or 
main-line electrification and electrification outside of the cities. 

I believe the Europeans have gone a little deeper than we have 
into the transformer construction layout used in connection with 
the rectifiers. If the transformer is the answer to some of the 
troubles we have we should have the transformers made in 
Europe or else our manufacturers might be induced to change 
to the better way. 

The subject of speed of operation is vital. The rectifier can 
* be placed in service in a few seconds. You have to pay no 
attention to synchronizing. As a matter of fact you can get a 
rectifier^ on as quickly as your switches will operate. With 
rotaries that is out of the question, especially with 1500-volt. 
installations where you have two rotaries in series. The question 
of polarity on the rotaries is very important, but not so with the 
rectifier—it comes up correctly every time. 

°As regards noise both within the substation and outside, we 
must acknowledge that the advantages are all with the rectifier. 

Flashovers have been mentioned. Flashovers on rotaries 
are bad—we know it. Flashbacks occur in rectifiers, but I feel 
confident that they are less serious to the system and I am sure 
they are not as hard on the operators. 

In the matter of cooling these rectifiers, we have had certain 
difficulties caused by electrolysis. Parts of these rectifiers float 
1500 volts above ground and when a semi-eonducrive cooling 
medium is used there will be some current leakage. I wonder 
why the manufacturers don’t go to oil cooling, using the same oil 
over and over again and cooling this with water through cooling 
coils. That would mean a change in apparatus but I am quite 
sure it is feasible. Attempts to overcome this diffi culty by the 
use of distilled water have been unsuccessful; within two weeks 
it becomes contaminated to such an extent that it is w orse th an 
Lake Michigan water normally is. So, I think serious considera¬ 
tion should be given to cooling methods, making use of oil. 

W. C. DixVail t It seems to me in this big subject of rectifica- 
tion, it is going to be a matter of economics and I am quite con¬ 
fident that we are going to do in the future the same as we have 
in the past—engineers are going to find ways and means of 
correcting such things as telephone interference and other factors 
that would be in the way of progress. 

The biggest thing that the rectifier is doing is to help fight the 
battle of electrification of railroads, alternating current versus 
direct current, and no doubt, we are going to sift it down to a 
field where the rectifier will take its place at one end, and the 
converters the other. Just where that division is going to be it is 
hard to say, but in any event, I am sure engineers will find a 
solution. 

W. B. Anderson; In the latter part of his paper, Mr. Shand 
mentions a series of tests on one of the old rectifiers, Unit No. 56, 
which was built by the Westinghouse Company in 1916. These 
and other later tests were made by the writer, who is associated 
with Mr. Shand, to obtain a direct comparison of certain features 
in the old and new designs. The older unit was operated for 
approximately three months. The results were such as readily to 
convince anyone that successfully operating steel-tank rectifiers 
were made by American manufacturers previous to their present 
commercial activity. 

9 The vacuum chamber of Unit No. 56 is a drawn steel tank 19 
in. in diameter and 26 in. deep, this being supported by an outer 
sheet metal casing which also serves as a water jacket. The two 
anodes are made of drawn steel and constructed to permit circu¬ 
lation of water for cooling. Steel anode shields are used and the 
cathode is not insulated from the rectifier tank. The unit is also 
equipped with a Pirani type of vacuum gage, the same principle 


now being applied to what is more commonly known as the 
“hot-wire” Vacuum gage. All of the seals are made with 
“vacuum cement” a sealing compound developed especially for 
mercury-arc rectifiers. This cement is still one of the best 
materials that can be found for vacuum tight seals for certain 
applications. 

As Mr. Shand states, this rectifier hadbbeen out of service for 
more than eight years. The tank was e opened, cleaned and re¬ 
assembled, the only changes being the replacement of an old 
solder valve wdth a modern diaphram-type valve. A set of 
vacuum pumps and a McLeod gage was added to make the 
rectifier an operative unit. 

The rectifier was operated at different voltages from 175 to 
750 volts and on continuous loads as high as 700 amperes It 
was operated 24 hr. per day for a week on a motor-generator set 
load of 600 amperes without a single interruption. Overloads 
as high as 1200 amperes were thrown on the rectifier for 5 min. 

. with no apparent distress. Higher momentary overloads tending 
toward short circuits merely opened the circuit breakers. Opera¬ 
tion was resumed as soon as the breakers could be closed again. 
Several times the pressure was allowed to increase until an 
internal short circuit occurred. Following these, the tank could 
be pumped out again in three or four minutes and operation 
resumed. The internal design with the steel shields seemed to 
withstand rather abusive operating conditions. 

Two methods of supplying cooling water to the anodes were 
tried. In the first method, a part of the tank discharge water 
was passed through the anodes. This meant that with normal 
full load operating temperatures, the anode intake water tempera¬ 
ture was about 35 deg. cent. When starting, the anodes were at 
room temperature or lower. The other method, which is similar 
to the practise of ten years ago, was to recirculate the anode 
discharge water, adding just enough make-up water to maintain 
a predetermined temperature. Before placing the rectifier in 
service, the anode water was heated to permit starting with warm 
anodes. The latter method proved much more satisfactory. 
Operation at uniform and higher anode temperatures was possible 
and the necessity of starting with cold anodes was # eliminated. 

With such an anode-cooling system, it was possible to collect 
some interesting data and verify certain ideas relative to the 
proper temperatures at which anodes should be operated. 
Several mornings when starting up after the rectifier had been 
standing all mght, full load and overloads were thrown on the 
rectifier. With cold anodes, the first few minutes of operation 
were very unstable and internal short circuits frequently oc¬ 
curred. By preheating the anode water, operation was made 
stable and there were no short circuits. 

For continuous operation, the anode water intake and dis- 
charge temperatures were limited to values corresponding to. the 
limiting temperature of the seals. On several occasions, these 
temperatures were allowed to increase approximately 50 per cent 
for periods of about 2 hrs. following continuous operation at'the 
first mentioned temperatures. The result was improved vacuum 
and increased, stability under abnormal operating conditions as 
compared to similar operation with normal anode water temperar 
tures. . These, tests demonstrated very forcibly the desirability 
of relatively higher anode temperatures. 

As already mentioned, the loss in the rectifier was dissipated 
eit er in the anode and the tank cooling systems. Measure¬ 
ments indicated that at full load, approximately 65 per cent of 
t e loss was dissipated in the tank cooling water and 35 per cent 
in t e anode cooling water. These values represent continuous 
operation at the most satisfactory discharge water temperatures 
tor this particular design. 

One interesting and very noticeable thing connected with the 
operation of this old rectifier was a decided improvement in 
vacuum w en it was placed on load after standing idle a few 
01 f rs ‘ kj® was apparently due to a redistribution of pressure, 
s r. Shand has pointed out, one of the objectives of the 
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development was the perfection of a rectifier 
r Requiring no vacuum pumps. The tests*on Unit No. 
"^ed that rectifiers can be made to operate for long 
Without pumping. Rectifiers with such a high degree 
**** tightness are not required now. Vacuum pumping 
that is simple, compact, and reliable is available. 
°tating oil vacifum pump and a mercury diffusion pump 
on modern steel rectifiers, it is possible to evacuate a 
X3~cu. ft. volume from atmospheric to 0.001 m. m. of 
X>3ressure in 60 min. 

Cipher (communicated after adjournment): Mr. 
very accurately given the steps in the development 
*.i«3ve that the decision to operate a rectifier with a pump 
continuously is the turning point in the development. 
" -letter part of the development deseribedby Mr. Shand, 
*X>ted to secure exceptional vacuum-tight joints because 
which were available then were very expensive and 
> ^ } maintain a high vacuum against the small leaks. 

- advent of the diffusion pump, about the time work was 
*xxed, the possibilities of operating with the pump’running 
and building rectifiers with a less perfect seal were 
'ionsly considered. 

operators will accept steel-tank rectifiers, which must be 
frequently or continuously in order to maintain a 
X can see no reason why it should not be possible to 
eetifiers pf considerable capacity, and which will operate 
3rily, as it will no longer be necessary to build seamless 
fceel tanks, nor to construct extremely tight vacuum 
fcxioli are inherently expensive and hard to maintain. 

jion at Bethlehem on Makti and Wxnograd Paper, 

> "S ' i‘ , 1 Only) r; / 

l>o^dett: Referring to the table, where the eompar- 
.acLe on the efficiency basis between the rectifier and 
r generator set, it seems to me there ought to be another 
.n that table that would include the Votary converter, 
nas to me the rotary converter of a 3000-kw. size would 
erffieioncy of nearly 96 per cent which would make the 
3S almost equal for the two rectifying devices. 

Stendin^: Thqre are three questions that probably 
xx covered in this* paper but unfortunately I have not 
opportunity to read it. The first question is: Are 
available in 25-cycle 6600-volt circuit? The next 
is - Are rectifiers affected by changes in temperature? 
Xxrrd question is: what is the maintenance on them and 
Jbles are they subject to? 

fcTj&u jh: I would like to ask Mr. Marti, what informa- 
on the reliability and maintenance of mercury-arc 
as found by experimentation or actual practise? Can 
s the relative cost between a rectifier with its trans- 
[xxipnient and a motor-generator set of approximately 
Lew- and for say 220 volts d-c. 

JrK-otzinier: It is evident that the application of this 
to electric-traction substations is offering decided 

xxxa»tely this does not apply to industrial plants where 
0/120 volts is required for the operation of small and 
Lized variable-speed motors. I take it that for a three- 
rrx two rectifiers would be required, one oh each side of 
X, operating at 120 volts d-c. 

0 *vv voltage there is no gain in efficiency over the motor- 
sob and the cost of the rectifier would be excessive. 

feature in such an arrangement would be the 
oxi x t J ie compounding trouble met with when operating 
. e e-™ generators in parallel. 

lx^ have Mr. Marti tell whether in operating several 
ixx parallel they divide the load uniformly, also what 
3 %tx the case of a short circuit. 

j£^*xnedy s I want to know whether you use a three- 


phase transformer or a single-phase. Suppose we had a 300-kw. 
rectifier, what transformer capacity would we use with that? 

W. H. Lesser: How does the attention required with these 
rectifiers compare with the attention that we need with an 
automatic motor-generator set or an automatic converter? 

O. S. Clark: Fig. 5 shows increased tendency in Europe 
toward higher voltages. I wonder if this is being done to reduce 
distribution losses, or does it indicate a tendency to adopt the 
mOrcury-arc rectifier which operates more efficiently at the higher 
voltages. 

D. C. Prince: On this question of telephone interference the 
General Electric Company has taken the position that we have 
to go halfway with the telephone company, and I believe all the 
rectifiers which we have put out are equipped with the reactance 
which Mr. Marti shows at the top of his figures. 

On the question of filters it has been a matter of where the 
exposure has been bad, and in our installations in most cases 
the exposures have not ^een bad enough to require the filters. 
However, there seems to be still some hidden question regarding 
that, because one hears all sorts of stories about what interference 
this rectifier and that rectifier produces. So far, our rectifiers 
with the series line reactance have made no trouble in the places 
where they have been fed over heavy power lines, and it is ob¬ 
served that if the rectifier is supplied over a large power line, 
so that it is a relatively small part of a power load, the inter¬ 
ference seems to be considerably less than where the rectifier is 
the only piece of apparatus fed over the entire line. A definite 
correction procedure will probably be developed as a matter of * 
experience, tod I don’t believe the cost will be great. In most 
cases where we have had to put in the filters the cost has not been 
prohibitive. 

Mention is made that a rectifier is naturally a continuous¬ 
rated machine. The rectifier itself is only a small part of the 
installation, and for that reason the characteristics of the rectifier 
are not necessarily imposed on the system as a whole; that is, if it 
were desirable to supply any particular 2-hr. rating, the fact 
that the rectifier might come to its final temperature inside of 
half an hour would not make it necessary to supply a complete 
installation on the basis of half an hour period overload; i. e., the 
fact that the rectifier itself is a relatively small part of the whole 
makes it possible to discount its own particular characteristics 
by supplying a margin in rectifier capacity. We have installed 
in Chicago a rectifier with a capacity of 1500 kw., and this unit 
has repeatedly carried loads of over 9000 kw. with no ill effects 
whatever. We hope that the policy will be to install rectifiers of 
sufficient size to handle anything that can come, and then, 
as the device becomes more exactly known, it may be possible 
to make savings, but there again such savings will only be in the 
rectifier, which is but a small part of the whole installation. 

Mr. Marti has also gone into this question of the rating of 
transformers. The transformer rating for a three-phase rectifier 
is somewhere around 130 per cent of the kw. capacity, and for a 
six-phase rectifier he has given the figures as somewhere around 
150 per cent, and that leads to the question: Aren’t we sacrificing 
something by going to polyphase operation; that is, to a higher 
number of phases? We have made an investigation to see if the 
advantage in wave form of the higher number of phases cannot 
be obtained with three-phase units, which have the advantage 
not only in that the transformer ratings are less, but the regula¬ 
tion also tends to be better and the telephone interference tends 
to be less. As a result, our standard rectifiers, instead of being 
six-phase or more, are all three-phase, connected through inter¬ 
phase transformers, either two or four units operating at an* 
angular displacement to bring the total phases up to six or twelve. 

Sidney Within^ton (communicated after adjournment): 
There is no doubt that mercury arc rectifiers possess many mate¬ 
rial advantages as compared with rotary apparatus, either con¬ 
verters or motor-generators. They are relatively simple in their 
operation and, being static, are especially adapted to automatic 
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^ substation operation: furthermore, they can, like transformers, 
be placed on the line instantaneously by the closing of a switch as 
required to take care of sudden unexpected loads. As Messrs. 
Marti and Winograd have pointed out, rectifiers are especially 
advantageous for higji voltages, both from the point of view of 
their operating characteristics, and cost as compared to rotary 
apparatus. Then, too, as has been stated, they are very attrac¬ 
tive as regards efficiency, especially at fractional loads. It 
should be borne in mind, however, that the relation between 
overload capacity and continous rating is relatively unfavorable 
as compared to rotary converters or motor-generator sets, es¬ 
pecially for steam-railway electrification. Where the load 
increments are relatively large compared to the total load, and 
- where, therefore, the peaks may be of but short duration, the 
overload capacities of rotary apparatus are of value, whereas the 
relatively small thermal capacities of the rectifiers are a limiting 
factor. * In the case of urban traffic, where the load increments 
are a relatively small part of the total kad, this feature is of less 
importance, and this is the field in which the greatest develop¬ 
ment of the rectifier will undoubtedly lie. 

• important characteristic of mercury rectifiers is that if they 
are subjected to conditions which are too severe, they are not 
likely to be permanently damaged as are many other types of 
apparatus, but after a break-down due to overload may as a rule 
be immediately restored to service. 

The question of overload characteristics is an important one, 
and it would appear to he opportune at this time to consider 
special ratings for mercury arc rectifiers which would recognize 
the relatively high continuous capacity as compared to their 
overload capacity. Such data might well be included in 
A. I. E. E. Standards. At present a “nominal” rating which 
means little, is assumed in order that standard overload specifica¬ 
tions may be met. , 

. A bmitation of the mercury arc rectifier is in its voltage regula¬ 
tion. There is, of course, no possibility of “ over-compounding,” 
and therefore there is a drop in bus voltage at heavy loads. This 
feature, however, especially in the case of street-railway loads, 
may be offset by scattering automatic rectifier substations about 
the territory served, utilizing high-voltage a-c. distribution, 
buch a plan would, of course, mean a relatively low load factor on 
each substation and, therefore, a considerably greater installed 
capacity would be necessary than if the apparatus were concen¬ 
trated. It is probable, however, that before long, on account 
o quantity production and amortization of development 
expense, mercury rectifiers will be available at considerably 
lower cost than rotary apparatus, even for 600-volt service, and 
the excess capacity wifi thus be justified by the obvious advan¬ 
tages of small scattered substations. 

It is probably going a little too far to say that the mercury arc 
rectifier will soon exert an influence on the much-discussed ques¬ 
tion of direct current versus alternating current for heavy 
traction systems. The electrification system finally adopted as a 
standard m this country will necessarily be capable of handling 
1 branches of operation economically and reliably, including 
suburban service and “through” traffic of ah kinds, over the same 
. s * a tional standardization in this respect is nearly as 
important as track-gage standardization, and should rest on 
considerations which are broader than the economies of any one 
individual problem. 

The chief limitations thus far with d-c. systems are not in the 
generation of power so much as in the flexibility of its distribution 
" arLC \ USe T, t3ae roUin g Stock, and with the increasing voltages 
mentioned by Messrs. Marti and Winograd, even though they 
may be practicable at the substations, problems wifi necessarily 
be met on the ears or locomotives in main motors and auxiliary 
facihties. Although it is of course impossible to predict what the 
uture holds m store for us, nevertheless it may be said that the 
fundamental advantage of alternating current as compared with 
direct current m the present state of development of the art of 


electrification, is in the flexibility of the a-c. system, wherein it is 
possible on a single distribution system to operate motor cars, 
either singly or in multiple-unit trains up to ten or twelve cars, as 
well as high-speed “through” passenger trains, and extremely 
heavy-tonnage freight trains with concentration of 15,000 or 
20,000 h. p. in a single train. This degjee of flexibility has thus 
far not been reached with any d-c. installation yet designed, and it 
does not seem probable that the ifiercury arc rectifier can 
change this phase of the situation very much, especially as it is, 
of course, impracticable to.regenerate power and feed back into 
a transmission system through this type of apparatus. 

O. K. Marti and H. Winograd: Mr. McCurdy answered 
practically all the questions on interference which were raised 
during the discussion, and he brought out very pearly the prob¬ 
lems involved in mercury-arc rectifier installations in connection 
with communication systems. I should only like to follow up 
one point a little further. As he states, there are also harmonic 
ripples present in the d-c. sides of synchronous converters, and I 
might point out that interference is sometimes caused by syn¬ 
chronous generators and condensers. Up to the present time, 
no definite rule has been established by technical societies with 
regard to the permissible volume of this interference for any 
kind of machine, and it is therefore difficult to arrive at a proper 
conclusion in regard to the permissible magnitude of the ripples. 
In connection with the machines which cause interference, the 
noise-meter and the telephone-interference-factor meter are used 
to obtain some quantitative measure of the interference effect. 
Assuming, now, that the influence of the rectifier ripples is 
measured by this meter, and that we allow about the same 
telephone interference factor for rectifiers as for other machines, 
a filter equipment which is not prohibitive as to cost and main¬ 
tenance can probably be found, especially since the recent im¬ 
provements in condensers, due to the greater demand for them for 
radio and for power-factor correction, have improved their 
quality and also made them lower in price. 

In regard to radio interference, I should like to mention that 
even if the mercury arc should radiate waves of the frequencies 
used in radio communication, they would probably be shielded 
by the steel tank. However, it does not radiate such waves, and 
no difficulty has to be feared in that regard. It might, however, 
be mentioned that a great deal of investigating has been done in 
this connection in Europe, Canada, and in this country, without 
any influence on radio being observed. 

I had intended to discuss Mr. Butcher’s paper quite 
thoroughly* but Mr. Herz and Mr. Antoniono, whose companies 
have had rectifiers in operation for an appreciable period of time, 
gave a much better comparison of the advantages and disad¬ 
vantages of mercury-arc rectifiers and synchronous converters 
than I would have been able to give. 

I should, however, like to make some remarks regarding the 
first cost and the cost of maintenance, as brought out in this 
paper. The maintenance cost of rectifiers and their automatic 
equipment is less than for synchronous converters, as was proved 
by many comparative studies made abroad and in this country. 

It is unjust to base a comparison in regard to maintenance on 
the experiences obtained with the few early trial installations in 
this country, and the comparison will come to be more in favor 
of the rectifier as this equipment and its characteristics become 
better known. 

The cost of an installation as indicated on the last page of 
Mr. Butcher’s paper, giving the cost of the building and founda¬ 
tion as 35000 for either a rectifier or a rotary converter, cannot 
be correct for two reasons: First, the number of cubic feet of 
space required for a rectifier installation of a certain rating is 
much less than for a converter installation, and, since there are 
no heavy moving parts in a rectifier, the foundation costs practi¬ 
cally nothing by comparison. According to our estimate, the 
cost of a rectifier substation would be about two-thirds the 
amount stated in Mr. Butcher’s comparative table. Since the 
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! produced by the losses in a rectifier is carried away by the 
3r, no extensive space is required above the rectifier, as is 
ssary for the proper cooling of a synchronous converter, 
cost of making a well in case no running water is available 
be. circumvented by using a recooling system, the cost of 
f h is considerably lower than the cost of making a well as 
a in Mr. Butcher’s p^>er. If the comparison had been made 
1 such a basis, it would have shown that the first cost of a 
fier installation compared to a converter installation for 
volts, direct current, would be the same, or even less. There 
;endency, and I do not see any reason why it cannot be done, 
Lcrease the trolley voltage to 750, and even to 800 volts! 
ich a voltage the first cost of the rectifier will be less and the 
Lg effected due to lower losses in rectifier and feeder will be 
finely favorable. 

lswering Mr. Clark’s question, I believe the tendency toward 
er voltages in Europe is accounted for by a desire to secure a 
er rectifier efficiency and to reduce the distribution losses as 
In one case 800 volts was adopted in order to do away 
ely with all feeders, the rectifiers working directly on the 
ey line at 800 volts. The spacing of the substations is 
close, being only about half a mile. The rectifiers are 
nted right on the station platform, there being no enclosure 
r than a screen, and the transformers are mounted close to 
•ectifiers. In this case, almost the entire cost of a substation 
ling and feeders was eliminated. 

.answer to Mr. Lesser’s question in regard to the attendance 
ired, I should think that the same practise as applied to 
7-converter stations should be adopted for rectifiers. Due 
.e fact, however, that a fully automatic rectifier installation 
npler and involves less automatic equipment, it requires 
attention. 

this connection may be answered the last part of Mr. 
ding’s question about the troubles to which rectifiers are 
>ct. The main trouble experienced with the rectifier itself 
>een back-fires, or arc-backs. By improvements in the de- 
>f the rectifier and its auxiliaries, these have been practically 
rated, and*when they do occur, they have no serious con- 
nces as the rectifier can be put back into service 
diately. In automatic rectifier substations they are taken 
>f by automatically rectbsing circuit breakers. 

* Grotzinger made a remark about the use of rectifiers for 
20-volt, direct-current, three-wire systems f& industrial 
5. There are a number of such installations in service, 
the rectifier efficiency is considerably reduced at the lower 
^es, on such systems the rectifier is usually connected to the 
e wires, and a balancer, which may be a battery or a small 
-generator set, is used for obtaining the middle wire, 
for parallel operation, the rectifier is far better suited for 
service than a rotary converter. Rectifiers will operate 
■allel satisfactorily even if connected to two independent 
stems having different frequencies. Should the voltage be 
-d, the rectifier cannot feed back, so that one rectifier 
b affect other rectifiers operating from the same or other 
etworks. Frequently a power company would like to 
e a rectifier from 25- and 60-cycle systems during certain 
s. That, again, is an advantage of rectifiers, as they can 
e equally well at 15, 25, 60, or even 100 cycles. The only 
which will be affected is the size of the transformer, which 
rse.must be dimensioned for the lower frequency. This 
use a slight decrease in the efficiency of operation at lower 
ncies. 

3gard to the question of whether a rectifier transformer has 
.ated for a higher capacity than a transformer for a syn- 
►us converter, and to what extent the size is affected by 
mber of phases, see curve No. 3 in Fig. 9 of the paper, 
this curve it is evident that a two-phase transformer, for 
?e, has a rating of 125 per cent of the d-c. output, and 
145 per cent of the d-c. output for six-phase rectification. 
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' As a rule, because of the simplicity of the interconnections be¬ 
tween the phases and the lower cost, three-phase transformers are 
used with rectifiers. 

If a rectifier is operated in a place where the temperature is 
high, its operation is entirely unaffected, as the heat generated 
by it is taken away by the cooling water and therefore the am¬ 
bient temperature does not matter. This is another advantage 
of the rectifier; one can place it in a small space and does not 
have to bother with ventilators and ventilation ducts to remove 
the heated air from the room. Incidentally, the amount of noise 
generated by the vacuum-pump motor is so small that rectifiers 
may be located in places where rotary converters would be out 
of question. In fact, we have rectifiers operating in department 
stores, municipal buildings, hospitals, and other locations where 
the absence of noise is of prime importance. 

In reply to Mr. Waugh’s question regarding the relative costs 
of rectifiers and motor-generator sets for 50 and 100 kw., 220 
volts, the price of rectifier^ would be higher. For such capacities, 
rectifiers would be used only if other factors, such as noise, 
flexibility, or operation, etc., make their application advisable. 

As to Mr. Doggett’s remarks, I wish to say that the comparison 
of efficiencies in the paper concerns 3000-volt conversion, for 
which synchronous converters would not be used. 

Mr. Shand: Mr. Marti has referred to the difficulties of the 
design of transformers when used with rectifiers,—a point which 
was also touched upon by Mr. Herz. I mentioned in my paper 
some extensive work on the investigation of rectifiers and circuits, 
and I believe that by adhering to the principles determined, these 
difficulties are not great; and in fact, they have not been found 
so. Where complex arrangements of the transformer windings 
are used, there naturally will be some undesirable complications. 
The transformer inductance determines, to a large extent, the 
voltage regulation of the rectifier, and it requires careful design 
to obtain the proper distribution of this inductance in the wind-. 
ings,. particularly in the cases where complex schemes of con¬ 
nection are used. It may be said, therefore, that there is 
something to be gained in the choice of a simpler transformer 
arrangement. 

Referring to Mr. Marti’s remarks of the heat-storage character¬ 
istics of rectifiers as compared with rotating apparatus, I am not 
sure that I am in strict agreement. It must be remembered 
that water is the cooling medium of the rectifier and that water 
has a very great thermal capacity. Some calculations on t his 
subject made some time ago indicated that the rectifier, with its 1 
cooling water, would have a slightly greater heat-storage capacity 
than a corresponding rotating machine. Of course, where the 
anodes are not equipped with water-filled radiators, the anodes 
will have a lower thermal capacity. 

There is probably a certain amount of general misunderstand¬ 
ing on the subject of the meaning of the over-load capacity of 
normal-rated machines. Tests have shown that a rotating 
machine, such as a d-c. generator or synchronous converter^ will 
reach very nearly its maximum temperature in 35 to 45 mini, so 
that there is no basis for the supposition that the machine can 
carry its guaranteed overload on account of its thermal capacity. 

The limitation for the continuous rating is based rather on thq 
limitation on the current-collecting parts; that is, if operated 
continuously on the overload rating, the commutation limit 
would be exceeded and the maintenance on both commutator 
and collector rings would be unnecessarily high. With our 
present state of information on the rectifier, it does not appear to 
have these two kinds of limitations to the same extent, so that its ! 
application may not be made to the best advantage by directly 
following converter practise. 

In regard to telephone interference, I believe that Mr. 
McCurdy has brought out a number of interesting points. As 
he mentioned, when rectifiers are connected to a highly inductive 
load, such as presented by street-car motors, the harmonic cur¬ 
rents are reduced to a point where they do not cause any appre- 
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eiable trouble; but as is usual practise, where low-impedance 
• feeders connect different substations, the differential voltage 
between two pieces of apparatus in different substations will 
produce much larger harmonics over the connecting feeder. An 
exposure of much less than 10 ampere-miles of such harmonic 
currents has been fbund to cause trouble in telephone circuits. 
It has been demonstrated both in the investigation referred to 
in my paper, and also in later work that telephone interference 
can be eliminated by installing special apparatus either in the 
telephone circuits or in the rectifier circuit. The practicability of 
the elimination of telephone interference comes down, therefore, 
to a question of economies, both in the first cost of apparatus, 
and, where installed with the rectifier, in the additional losses 
involved. 

The comments of Mr. McCurdy on the relative advantages of 
6-phase and 12-phase rectifiers are not borne out in the experi¬ 
mental values of telephone-interference-faetor which he has 
obtained from these two types of apparatus. It may be noted 
that the wave shapes of rectifiers under load are such that the 
advantage of the 12-phase connection will be very much reduced 
^on account of the effect of overlap which produces further varia¬ 
tions of voltage fluctuation but which do"not occur at no load. 

C. A. Butchers It is seldom required that converters of dif¬ 
ferent frequencies be operated in parallel although this is being 
done very satisfactorily. On the Edison system in Chicago, 
25-cycle and 60-cyele converters are operated in parallel on the 
d-e. bus with little or no apparent diffi culty. 

There is something to be said about rectifier development 
apparently having been on a more rapid scale in Europe than in 
America. A reason for this probably lies principally with the 
rates of development of the central-station industries in the two 
countries. 

The central station industry had its birth in this country in the 
three-wire d-c. system. This was quickly followed by the a-e. 
system, which discouraged the installation of numerous small 
isolated plants. Following later, the development of the central 
station in Europe Was principally, at 50 cycles, whereas 25 cycles 
was the predominating frequency in this country. The 25- 
cycle converter was, therefore, notin the same demand in Europe 
as in America and, perhaps, has never reached the same stage of 
perfection. In the substitution of central-station service for the 
isolated plant, the rectifier in Europe has been the competitor of 
the motor generator and the motor converter rather than the 
synchronous converter. 

The development of the 60-cycle converter followed later and 
those familiar with it know that its early troubles -were many. 

. However, these have been quite successfully, overcome. Iu 
spite of the remarks made about flashovers, tbe 60-cyele con¬ 
verter Is a satisfactory piece of conversion apparatus. The de¬ 
velopment of the high-speed breaker,'and the high-reluctacce 
commutating pole has done much to assist in its proper per¬ 
formance. The operators can do well to study those features in 
the Application of a synchronous converter which will contribute 
to its more satisfactory performance. Perhaps 50 per. cent or 
more of the responsibility for the flashovers of synchronous con¬ 
verters is with matters of application and operation and not in the 
limitations of design. 

The increase, of voltage above 600 brings in many other prob¬ 
lems iff the way of design of traction motors, control, and dis¬ 
tribution insulation, also the problem of using efficiently the 
higher voltages in congested metropolitan areas. The automatic 
substation, since attendance is not required, probably lowers the 
scale of voltages on which d-c. railways may be operated economi¬ 
cally. There are probably any number of installations which 
years ago would have been made at higher voltages had not the 
automatic substation been perfected to the point where a greater 
number of substations with smaller spacing might be used with- 
out excessive operating cost. 

The transformer design, which enables a rectifier designer to 


gain low efficiency at light loads, is also possible with synchronous 
converters ‘since it is merely a matter of proper ratio of iron to 
copper losses. 

Power-factor correction by operating rectifiers and converters 
in parallel in the same station,—a question was brought up by 
Mr. Blasser, is probably something that has not been given a 
great deal of consideration. When ofte stops to think that the 
power factor Of the rectifier, 93 per cent, is much better than'that 
of the average industrial load, and that generators in ‘our power 
stations are designed for 80 per cent power factor, I doubt if he 
will find very much to be gained by the parallel operation of 
converters and transformers in tbe same station for that purpose. 

The question of reverse current at light loads merely means 
that the designs for interurban substations or metropolitan sub¬ 
stations must be considered in conjunction with the a-c. supply 
in order to gain stability of synchronous apparatus and the system 
as a whole. 

Operating third-rail systems with 60-cycle synchronous con¬ 
verters. does not render the problem of flashovers more serious. 
If the installation is properly made, the flashovers are probably 
not so severe, on a third-rail system as on overhead, for the reason 
that the magnetic induction on the third rail on the average 
fault, causes the current to rise very slowly, and thus it may be 
interrupted by a breaker of ordinary speed before the load on 
the converter is such as to cause flashover. 


THE APPLICATION OF ELECTRICITY IN CEMENT 

MILLS 1 

(North) 

Bethlehem, Pa., April 22, 1927 

E. B. Warnerr Mr. North mentions that the main sub- '1 
station was enclosed in a brick building in order to protect the 
equipment from dust. I would like to ask how he was able to n 
keep the dust out of the building. 

.He told us that he had provided the super-synchronous motor 
with an automatic starter. I should like to know if this is a full 
automatic starter; that is, does it take care of automatically 
applying the brake on the revolving stator so as to slow that 
down and bring the rotor up to speed? 

W. E. Norths The high-tensioji transformers and switching 
equipment were housed in a building because the combination of | 
cement dujfc and water causes a lot of trouble on 110,000-Volt 1 

insulators that were used for the 66,000-volt service, and although 5 I 
it might have been satisfactory to build an entirely outdoor jj I 
station, with a little less money, we didn’t believe that it was wise 1 
to take that chance since the main thing we wanted was abso- f 
lutely continuous operation. 

A small amount of dust gets into the building but the dry dust 
doesn’t have nearly the same disastrous effect on insulators as 
cement dust coked up with water. 

The automatic starters we have on the synchronous motors do 
not automatically put on the brakes. That has been a later 
development. The motors are not thrown directly across the 
line hut are started with an autotraasformer with reduced-volt¬ 
age taps. I don’t know on which taps they were working at 
present but about 40 per cent increase over the normal operating 
current is required for starting and the brake is put on by hand 
after the starter automatically throws on the field. The men 
operating these motors have become fairly skillful in the opera¬ 
tion of the brake, and we can’t see any rise in the power curve 
when the mill is brought up to speed. We allow from 15 to 20 
seconds for the acceleration of the motors and it is entirely possi- 
ble to operate the brake by hand to get these results. 

Caldwells I want to ask if high-tension electric 
precipitation devices for abstracting the dust from the air are in 
use at all in cement mills; also, whether the general tendency to 
extend the u se of roller aud ball bearings that is going on these* * ■ 

1. A. I. E.E. Journal, September 1927, p. 881. 
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dy to result in their general adoption in the ease of the 
11 motors. Mr. Findlay of the Giant Portland Cement 
told me that his company has used nothing but ball 
Barings for the last five years and they are thoroughly 
the use of that type of bearing for cement-mill work; 
iave had no necessity, for the replacement of the roller 
rings, and that they would use no other kind. 

Norths From* 1917 to 1919 we had a precipitation 
at our plant, ft will collect the dust. The principal 
t we abandoned it is that in our particular case the 
tde was far offset by the cost of operating it. In some 
new plant possibly, where the dust collector is built 
ant and designed to operate with that particular plant, 
probably have much better operating conditions, 
n which we installed an electric precipitation dust 
as an old one and we had to put this dust collector 
iad available space and it was not as efficient as it 
3 been if we had sufficient space to install a system of 
•acity. 

I to the bearings, the best way, I believe, to protect 
rings, or any other kind of bearings or any other 
around a cement mill is not first to try to make the 
ist-tight but to provide dust-collecting apparatus to 
3 cause of the trouble. However, if that cannot be 
ut enormous expense, the next step is to protect the 
With regard to that, however, our mill is not a dust- 
Ld we have just installed some new 60-cycle motors 
e original installation was made in 1913 and 1914, and 
n out the first of January this year, which is 13 years 
a. 

3 life of the bearings in these motors we would some- 
bearing in 2 weeks at first but we soon remedied that. 
>r instance, one 75-h. p. motor that ran 12 years with- 
of bearings. Our tube mills were driven by 150- 
3 l-eage motors mounted in rather dusty places on the 
’ because of lack of space on the first floor, and they 
tg with excessive belt tension. The bearings on these 
raged 2 years. The average life of the smaller motor 
lat *s 25-, 15- and 10-h. p. motors driving elevators 
ors which are usually mounted in fairly dusty places, 
ars. As to the vertical motors with ball and roller 
.ving Fuller mills'in a coal mill, one of those never had 
s. changed. Our vertical motors with ball bearings 
years. • • 

effect of dust on the coils, we have 80 m otors whose 
3ver repaired, 70 motors were patched, and 10 of them 
Btely rewound in 13 years’ service, 
ball and roller bearing applications on motors, I have 
to data on their life in the cement industry. 

>erly laid out plant, as a rule, the time required to 
bitted bearings does not often hold up production 
because such repairs can be foreseen and may be 
£ regular repair periods. 

ttys There seems to be doubt in the minds of some 
icularly those who have not been in the steel industry 
t extent, as to why some of us in the steel industry 
Larly interested in ball bearings. We know from 
n the steel industry that the babbitted bearings wall 
than ball bearings, so far as the cost of bearings is 
The reason we put ball bearings in our motors, 
to eliminate the loss of windings due to the lubricating 
ut of the bearings and into the windings. We found 
a very careful record in our ow ? n plant and by ques- 
ent out among all of the other larger steel plants 
3 r records were kept, that at least 75 per cent of all 
es were due to the oil getting out of the bearings into 
s, and that is the big reason why I, personally, and 
bee on which I served came to the conclusion that 
ler bearings would be a good proposition in the steel 


© 

industry. In the cement industry, motor windings are not sub¬ 
jected to all the hazards that we have in the steel industry. 
Cement itself is a fair insulator. If we could only get our motors 
filled with cement instead of smoke and gasses and carbons and 
other such things, I don’t believe we would have to worry about 
ball bearings in steel mills. I don’t see why ball bearings 
wouldn t work out in the cement industry, but as in the steel 
industry more for the sake of saving windings than for the 
bearings themselves. 

G» M. Kennedy: I understand Mr. North to say that the 
2300-volt squirrel-cage motors are manually operated and the 
440-volt squirrel-cage motors are automatically controlled. I 
would like to ask why that is the case. 

W. E. Norths The 440-volt motors are thrown directly 
across the line simply by means of an automatic magnetic 
switch. The reason we have manual operation on the 2300-volt 
squirrel-cage motors is that quite a few of these motors were 
put on machines which would probably be replaced sooif after 
we finished the reconstruction of the mill and we did not spend 
any more money than necessary on them. 

A. J. Standings I would like to ask Mr. North, if in the lay¬ 
out of a new mill today he would use 440 volts or would it be» 
possible to go to 2200? What I am getting at is the safety of 
the men around the plant. 

W. E. Norths I believe I would put in 440 volts. That, of 
course, is a matter of personal opinion, I believe that 440-volt 
equipment*with the proper apparatus can be made safe enough 
not to interfere with safe operation. For 14 years we operated 
at Coplay with 550 volts and we did not have any serious acci¬ 
dents to our operating force due to the voltage. We have had 
a few slight accidents due to flashover on opening switches. 
On the 440-volt apparatus that we have now, the starting equip¬ 
ment is totally enclosed; there is nothing exposed whatever on 
the whole layout. I think I would use 440 volts in preference to 
220 volts for small motors on account of the feeder conditions, 
and 2200 volts for larger motors. 

John Grotzin^er: I am particularly interested in the ap¬ 
plication of the super-synchronous motor to tube-mill drives as 
the application of synchronous motors to heavy mill drives in 
the rubber industry, with which I am connected, has been a 
feature of the past two years. 

Can Mr. North give us the torque characteristics of his super- 
synchronous motor, particularly the pull-out torque? 

Is excitation furnished from a belted exciter or an external 
d-c. system and what method is used to apply the field at the 
proper time during the starting operation? Is a frequency 
relay used for this purpose or current lockout in combination 
with a definite time relay? 

W. E. North: These 600-h. p. super-synchronous motors I 
was speaking about drive tube mills which require a running 
load of about 425 to 450 kw. We have never made any tests on 
the starting torque or the pull-out torque on those mills/ Since 
the load is applied by means of a brake the principal starting 
consideration seems to be the period of acceleration. After the 
motor is up to speed we begin to apply a manually operated brake 
and it is possible to hold the current constant at full-load running 
value, if sufficient care is exercised in tightening the brake. We 
never have had any trouble with starting and therefore have 
never made any tests on the starting torque of those motors. 

The excitation is supplied for three of these motors by a motor 
generator or exciter set. I cannot give the exact details of the 
relays used but to the best of my recollection, current-lockout 
in combination with time-limit relays are used. 

F. E. Fairman: In connection with the operation of these 
super-synchronous motors and also the other 2300-volt switching 
equipment, I should like to know just what experience was had 
with the operation of auxiliary devices and auxiliary contacts 
for the field contacts on the synchronous motors, first, with dust 
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in the substations, and just what steps -were found necessary, to 
be taken in maintenance, cleaning and the like. 

H. H. Leh: We have noticed that when surges occur on the 
line feeding our plant the undervoltage release on our super- 
synchronous motor opens quite frequently, throwing the motor 
off the line, whereas the induction motor in the plant keeps in 
continuous operation without the undervoltage release opening. 
I should like to know, if possible, whether this is an inherent 
characteristic of the motor or if it is only due to the design of the 
undervoltage releases. • 

Aubrey Smiths Relays are available which can be used to 
prevent the disconnection of a synchronous motor from its 
source of power by voltage dips which are not too great in 
magnitude nor too long in duration. Ordinarily the lower the 
voltage dip, the shorter the time during which synchronous 
operation of the motor may be maintained and vice versa. The 
degree of continuity of service which can be secured in any given' 
case by use of such relay equipment depends more upon the 
characteristics of the synchronous apparatus than anything else. 
■General-purpose synchronous motors, for instance, are available 
which will carry their load operating as induction motors for 

• ■several minutes, without over-heating, at a slightly reduced 
speed. On the return of voltage to its normal value, these 
machines can be made to come up again to synchronous speed 
and operate as synchronous motors. Of course, in such cases 
control equipment must he provided which will attend to the 
removal and re-application of the field when the proper rotating 
speed of the machine is reached. 

Installations making use of the control principles and equip¬ 
ments mentioned have been made in various place? and in various 
Industries. Such relay equipment is effective in increasing the 
continuity of service, especially if line disturbances are not too 
violent in character. If it is known at the time of planning the 
new installation that the source of power will be subject to 
momentary voltage dips, plans should be made at the outset 
to equip the apparatus with relays designed to sustain synchro¬ 
nous operation as long as possible. 

W. H. Lesser: I can give some experience about that, too. 
We have in operation at one of our collieries a new system of 
preparing coal known, as the sand-flotation process. Each time 
there is a surge in the voltage or an interruption in the power, 
this apparatus stops and it takes about half, an hour to agitate 
the sand again. We have sixteen motors there and the control 
boards are all in one room, and every time we have a surge on 
the line the whole plant shuts down. Mr. Lloyd looked over the 
proposition and we ordered a master control panel for this instal¬ 
lation, with a time relay on it. We set the relay for 4 sec. which 
holds the motors on the line during the surges. 

There is another point I would like to ask Mr. North about. 
Do you have any trouble in the operation of the super-synchro- 
nous motor; that is, with flashovers and things similar to t,hat? 

W.*£. North: No, these motors have been running con¬ 
tinuously since they have been put in. The only trouble we have 
had, has been on account of misalinement of a flexible coupling. 
That was not the fault of the motor and it was remedied within 
a few hours. 

• W. E. Lloyd: A few years ago when the interconnection 
system in this territory was being built and surges were com¬ 
paratively new to the customers now on this system, the tripping * 
off of apparatus, either synchronous or induction, due to the low- 
voltage release was very common. We advocated either a time 
delay on the low-voltage trip or removing the low-voltage trip 
entirely, that being dependent upon the particular operation. 
We went through the same conditions in our power stations; 
fans and pumps, and other auxiliary apparatus would trip off 
during these surges, which we could not afford because it meant 
.an extended interruption of many minutes rather than one 
minute. So we have taken off the low-voltage releases in our 
power stations; many of our customers have taken them off. 



I feel that the super-synchronous motor is a new piece of equip, 
ment. We, as well as the customers, are feeling our way, hufe 
actually l think the time will come when we shall treat the 
super-synchronous motor from a low-voltage-release standpoint 
just as we now treat the induction motor; that is, put on an 
adequate time delay to hold that motor on the line during surges 
allowing it to trip clear if the voltage goes entirely off for, sav 
half a minute or a minute, or else take it off entirely in’ease 
the power fails and rely upon the operators to clear the switch 
and have it cleared before the power comes back on. 

In connection with the dust problem Mr. North told how he 
housed his equipment in a building. We can’t very well house 


our incoming transmission line in a building and we have to fight 
a problem of dust on the insulators. Of course, we might run 
the incoming line for the last half mile in a 60 kv-a. cable, but it 
has not been done to date. It was our practise several years ago 
to wipe off the insulators every week on the last few towers adjar 
cent to each cement mill. This worked only fairly well. We had 
no definite plan for changing these insulators and after a pro¬ 
tracted dry spell followed by a light rain or a fog, we invariably 
had a number of insulator failures caused by leakage over the 
surface of the insulator due to cement dust and collection of 
the moisture. If we were fortunate enough to get a real heavy 
rain following a dry period, that heavy rain usually washed of 
the insulator dust sufficiently so that no trouble was encountered. 
Our recent experience has been to change these insulators on the 
last three or four towers of the line going into the cement null 
every six months. The insulators further back on that line will 
be changed probably in periods from two to five years, depending 
upon just how much precipitation of dust there is on the insu¬ 
lator. These insulators were taken down every six months, 
scraped, and then finally scrubbed with a weak solution of 
hydrochloric acid and water, after which they were tested and if 
good were put into service again. It was a rather expensive 
proposition to scrub and clean those insulators. In the last two 
or three years we have been taking hot paraffin and painting the 
insulators with a brush. It does not affect the insulating quality 
at all, and when they are taken down we simply dip them into a 
bucket of boiling water and it melts off the paraffin and along 
with it comes the cement dust, and the insulator is ready to go 
back into service again. 

Mr. North speaks about the 66,000-volt transformers which 
he has installed at his mill. I want to mention the reliability 
of that transformer. We have at least 250,000 kv-a. of this type 
transformer in service on the system, either our own transformer 
or customers’, and to date we have not experienced a 
failure. When I say that, I want to qualify it in this way: 1 
have had bushings fail, but that is an attachment which can 
replaced promptly and stock units are always available. We 
have had winding failures, where a short circuit occurred on the 
low-voltage side and the switching equipment did not clear the 
trouble, but we don’t consider that an inherent defect in the 
transformer. So that I believe Mr. North and every one using 
this particular transformer at this particular voltage is going te 
get excellent service from the unit. 

Mr. North, in speaking of his load factor of 88 per ( 
reminded me of a cement mill which is using rotary con™ 
of 4000-kv-a. capacity. They run a load factor for the 
as high as 96.8 per cent at unity power factor. It was 
interesting to see the operators in that substation regulat* 
load. They would go to the lighting switchboard and op 
close a knife-switch and by a series of flashes they woul 
to a motor tender out in the mill and he would merely 
one motor or two motors, and they would thus maintain 
stant load of 4000 kv-a. hour after hour. 

O. S. Clark: I wonder if Mr. North has found 
economical proposition to install lead distribution fe« 
underground rather than in conduit. Of course, it i 
install a cable underground without the conduit, b 
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more expensive to make repairs, and there must be a 
e some place, depending upon the extent of the distribu- 
r stem. I would like to hear from Mr. North on that. 

E. North: Before putting in the armored lead cables, we 
nplete prices and cost data on what the cost would be for 
stallation of lead cables in conduit. Ours is an old mill 
we put in conduit *ve would have a great number of bends 
many places we woqld not have room to put in the conduit, 
reduce repairs we have been liberal in our selection of 
We use cables with 5000-volt insulation for 2300-volt 
i and the capacities are ample.» On lead cables buried in 
ound -we use 70 per cent of the underwriters’ rating in 
bting the capacity of the cable, because we' believe that 
failures in varnished-cambric-covered cable come from a 
1 baking out of the varnish which settles to the lower part 
cable, and if the cable is never heated failures are not so 
it. I don’t know what the economy would be in a plant 
you had plenty of room to put in the cable ducts but in 
rticular case it would have been rather expensive to at- 
to put in any kind of a duct system on account of the 
ms manholes we would have to put in. We would have 
)ends in one run of 400 ft. * 

irding lead cables and open or closed ditches, our experi- 
as _ been just the reverse of the one mentioned, about 
siting of the cables. Of course, we were fortunate enough 
have to run the main feeder lead cables near the kilns. 
}he cables in the ditches are separated about 6 in. apart 
y or sand is put in to keep a cable, if it flashes over, from 
the trouble to the other ones. During our construction 
►me workmen doing concrete work near the cables built a 
thaw a frozen water pipe, not knowing the cables were 
The Are was about 2 in. from a cable. In very short time 
Ie burned through and although there was another cable 


6 in. away it was not damaged. This, I believe, justifies the use 
ot sand between the cables. 

J ; T ; Wau ^ hs In discussing Mr. North’s paper, I might say 
that, the electrical distribution systems in a wet-process mill and 
m a dry-process, are identical. 

, , 9“® type of construction, for a low-tensiod transformer station, 

' at has successfully coped with the dust problem is based on the 
elimination of exposed leakage surfaces. 

Where radiant heat is exceptionally high, the use of ventilated 
cable trenches with the omission of sand has been found satis- 
factory. 

Both air-break and oil-immersed starters have been used and 
the results are still open to controversy. In a coal mill, however, 
it is important to eliminate ah air contacts due to the ever 
prevalent inflammable pulverized coal dust and its potential 
explosive properties, if the proper amount of oxygen is supplied 
by a sudden gust of wind, and proper care has not been exer¬ 
cised in keeping the place clean. 

In further answer to tSe question of the gentlemen who asks, 
how to take care of dust in a high-tension transformer station 
already built, I believe the permanent sealing of all windows and 
the use of louvers covered with muslin will greatly tend to* 
minimize the dust menace. In such a transformer station in the 
heart of a cement mill, where the above ventilation is used, shut 
downs for the purpose of cleaning insulators have been practically 
eliminated. 

F. A. Scheffler: I would like to disabuse the minds of some 
in regard to the statement that there is a possibility of frequent 
explosions in cement plants. That is altogether up to the cement 
operating force and is a question of house cleaning. If the 
cement companies keep their coal mills clean and not abuse the 
pulverizing equipment, they will have no trouble whatever from 
explosions. 
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ES ON. THE USE OF A RADIO-FREQUENCY 
VOLTMETER 1 

(Goodwin) 

Pittsfield, Mass., May 25, 1927 
Wilson: It has been mentioned that thi% meter takes 
to 8 milliamperes, and that a displacement current flows 
l the shields of the same order of magnitude. It was not 
l in that statement that, that charging current is of the 
der of magnitude as this 2 to 8 milliamperes only at 
>0 cycles. Of course, at any frequency lower than that, 
r £»ing current is proportionately lower, and down at 
v frequencies, it is entirely negligible. 

Borden: . Mr. Goodwin states that in using the instru- 
i has described, it becomes necessary to get the voltage 
Brminals of the instrument to be the voltage which it is 
to measure; and in this regard its application does not 
>m that of any other voltmeter. To obtain this object 
sts what he has styled a “point source” of voltage, which 
licely worked out on high frequency circuits. Without 
lad the opportunity to fully study the circuit, my ques- 
ns regard is,—can that arrangement be applied to corn- 
frequencies? If so, it would be very useful in measuring 
Itages, and potential differences across circuits where a 
all amount of power is available. I refer to circuits 
ie power consumption of the instrument compared with 
er available in the circuit is so great that the ordinary 
mt would disturb the value of the quantity under 
ment. For example, in the determination of the volt- 
consumption of the voltage coil of a watthour meter, 
and voltage being measured simultaneously, it would 

. E. E. Journal, May, 1927, p. 487. 


be very valuable if the “point source” of voltage could be ap¬ 
plied in the measurement. 

H. M. Turner: Mr. Goodwin mentioned the fact that it is 
desirable to have a fairly large ratio between the currents 1 1 and 
1 2 of say 10 to 1. The advantages are that the current amplitudes 
may be easily controlled by adjusting C, (Fig. 3 of the paper) 
without changing the oscillator coupling and that when tuning 
the measuring circuit to resonance the reaction on the oscillator 
is usually negligible. 

I have used this method in the laboratory and find it con¬ 
venient and satisfactory for measuring circuit constants. 

W. N. Goodwin, Jr: Mr. Borden asks whether the “point 
source” of electromotive force could not also be applied ad¬ 
vantageously to low-frequency measurements. What I termed a 
“point source” of electromotive force was provided as a means 
for obtaining a source of electromotive force which for all practi¬ 
cal purposes was free from inductance. To obtain this at radio 
frequencies, it was found that the voltage drop across a high- 
resistance wire of very small dimensions gave the desired results 

On low-frequency circuits a somewhat similar method is often 
used in practise in which a low voltage is obtained from a higher 
one by means of the well-known voltage divider. In tftis case, 
however, there is no advantage in using what I have termed a 
“point source,” since the ratio of reactance to resistance can 
readily be made negligible without special reduction in 
dimensions. 

The method described, either for low or for radio frequencies 
is not intended for the measurement of unknown voltages, but 
for establishing a voltage for use in measurements. The voltage 
can, of course, be adjusted to a definite value by knowing tlie 
value of the resistance and that of the current passing through it. 

I wish to thank Mr. Wilson for calling attention to the fact 
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the value of the charging current given for the shields is fflr 
feeQusnaiea of the order of 1,000,000 cycles. This was inadver¬ 
tently omitted from the text. 

CALCULATION OF MECHANICAL FORCES IN 
ELECTRIC CIRCUITS 

(Dwight) 

Pittsfield, Mass., May 25, 7927 
¥• Karapetoff; Professor Dwight’s equation (5) may be de¬ 
duced directly from the general formula (2) for the mechanical 
force. Let the return conductor be a concentric cylinder of 
.raiditts Let the virtual deformation of the given conductor 
©onsist of an axial lengthening of the portion of radius a 2 by 
an Infinitesimal amount d s and of a corresponding shortening 
of the portion of radius a i by the same amount d 8, The tapered 
portion is supposed to move bodily without a change in shape. 
The inductance of a concentric cable, per unit length is of the 
> form. 


When a right-angle trough containing mercury has a curr 
of 1000 amperes flowing, there is a movement in the liquid^ 
shown in the accompanying Fig. 1. The direction of motion^ 
from B to A and the level at A is about % in. higher than th 
remaining liquid. ae 

If a straight trough with a constriction is used, there is 
pronounced flow away from the conctrietion, as shown in 
accompanying Pig. 2. There are alsp eddies at the constriction 
There is a swirling motion at the electrodes accompanied 



L = 0.05 + 0.2 logh ( h/a) (A) 

In perms per cm. length 1 

Therefore, the net increase in the inductance is 

dl = 0.2 [logh (b/a%) — logh (jb/ai)] d s (B) 

Substituting this expression in Dwight’s equation (2) his 
equation (5) is obtained. Therefore, equation (5) is valid so 
long as equation (A) for inductance is valid. The radius 6 
of the return conductor does not enter into the result 
\Vhen considering the relationship between an dlectrie current 
and !ts magnetic flux, it is safer to start with the universal 

the f«“ T 1P ’ h ° ldS trUe at any point and » expressed by 

the familiar differential equation u = curl H, where u is the 

current density. 2 The difference between a solid and a liquid 

of thifr e0 “ eS m J be boundar> ’ conditions in the integration 

is feed 27lh a ' F ° r a S °' id eonductor -boundary surface 
is feed and the component of the current density normal to it 

;! , , ? Pe S UP ° n tbe ma ^tude of the total current 

nd its distribution. Because of the pinch effect the usual 

the^quM. 10 COndlti0nS b6 Sat! ' sfied at eaeb Point within 

theconduetor feef ^^nal volume taken within 

Thel f.wll 0rCeS , aetlng upon d must be in equilibrium 
These forces are the resultant pressure exerted by the rema nder 


Fig. 2 

by a marked depression. As the current changes direction by 
90 deg., the filaments carrying current stretch out and form this 
depression. Within the constriction, an interesting phenomenon 
occurs. With 1000 amperes, the mercury level rises at the 
center and falls at the edges, as if the mercury were trying to 
crowd together to form a circular cross-section. Just before 
;he circuit was ruptured with 1450 amperes, the level decreased. 

nr W °, Uld Seem t0 be due t0 the hydrostatic 
P * which acts radially, and has been given by Dr. E. P 

Northrup as p - (ig 2 — r 2 ) dynes per sq. cm. at any 

point r cm. from the axis of a eonductor 2 R cm. in diameter. 

The decrease in level might be explained by the action of the 

X ‘ d ? al ^ USt ° r th ® taper force wMch te ads to drain the 
mercury from the constriction and thus decrease the level. 

tie total thrust on a vertical plane omitting the effect of 


gravity has been given by Dr. Carl Iiering as T = P 


200 


dynes. 



Wniinente <»nMrnii^^, s q ^,^ n l Wenttr 1 . pe 5 formed seme ex- 
currents as h igh as 1500 amperes. S h<1Uld eoaduetor with 

i 'ifzrSLZ . 


^ obtained by integrating the above expression given by 
Dr Northrup. This expression is independent of the size of 
the conductor: consequently, the thrust on a vertical plane due 
°J b n ra ^j rJ°™ “ the sai ne, regardless of the size of cross- 
, ls m . m)n d> 'I seems very reasonable that the 
go e circuit is caused by the taper force which has 

been given by Dr. Dwight as P = JL l ogh JL dvnes . 

100 r 

xJt * ea ^ a ^ ons wiU bring out the differences in 
eross-sp ^ a eon ductor carrying 1000 amperes and a 

bv Nnrfh ° n jW1 a . rad * us which varies from 1 cm. to 6 cm., 
of fhp q n P S e n uatlon > hydrostatic pressure at the center 
alent t Tn LTT ~ 318 °* dynes P<* cm. which is equiv- 
the laro- * f • * ^ er S< ^' * n ‘ and P ress ure at the center of 

l dy "“ ter *«• “■ ' rti * », 

is t" “ilsection by Herinj's equ.t'on 
same fJ+h i ^ &nd e 9 uivale nt to 0 0112 lb. which is the 

KnSL S f ee SeCtion and small section. 

Finally the taper force from Dr. Dwight is 

F = 17 900 dynes or 0.0402 lb. 

stantiVtif ee taper for ce is greater and seems to sub- 

The taner a ^ ert,lon ^at it causes the circuit to rupture, 
becomes e ^°f les ^ reate i* and greater as the small section 

H B D ' the rUPtUre ° f thG liquid COndUCt ° r ‘ 

statement thlt'MuS^f?iT ntati0n f * thiS PaP6r ’ 1 
lone* uniform w ; atl0n : ^ for a Conductor consistmg of two 

Part, can be cferi^ed by diff^ d ! ameters ’ joilled by a taper f 
for the qplf in/i + by dlfferen tiatmg the well-known formula 
the self-inductance of a long, uniform, round wire. This 
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fcion shows that the two long parts do not need,to have the 
,xis so long as they have parallel axes, and the shape of the 
i part does not matter. 

1 a derivation, however, does not apply to the interesting 
ascribed by Mr. Dodge, where the two long parts of the 
'tor have the samq, diameter and are joined by a double 
or contraction. Formula (A) of Professor Karapetoffs 
ion cannot be applied to the minimum diameter of the 
ition, but only to a long uniform conductor. Therefore, 
r to show that equation (5) applies to each of the closely 
it tapers of the contraction, some other derivation, such 
me given in my paper, is necessary, 
is not been shown, and it does not necessarily appear, 
iy use of the equation u — curl H gives greater safety in 
fcion than the methods followed in my paper, 
e it has not been uncommon for mercury circuits of small 
action to be broken by electric currents of the order of 
.peres, the observation in detail of the progressive steps 
phenomenon and the description of the swirling of the 
which carries an electric current have only rarely been 
ince Dr. Carl Hering describedgfchem. Such observations 
a large section.of liquid conductor and from 1000 to 
mperes. Accordingly, Mr. Dodge’s experiments should 
iterest to physicists and to designers of electric furnaces, 
rmining the swirling motion of the liquid, he used heavy 
Tiich extended deep into the liquid, since surface tension 
led the motion from being shown by sprinkling dust on 
rcury. When the circuit was broken, it continuously 
•gether and broke at the rate of several times a second, 
ee with the statement in Professor Karapetoffs paper, 

. Hering’s work on electric furnaces and liquid conductors 
great value, but that his experimental observations are 
sment with the usual methods of calculating the mechani- 
es associated with electric currents, and do not require 
thods of calculation. 


2VELORMENT OF AUTOMATIC SWITCHING 
EQUIPMENTS IN THE UNITED STATES 
AND EUROPE . 

(DeGoede) 

Pittsfield, Mass., May 28, 1927 
ter Lichtenberi: Since its development*in 1914 the 
tic station has been a very interesting topic to electrical 
rs. The development has been very rapid. For ex¬ 
in the United States today more than one-third of the 
vitchboard output of the large manufacturing companies 
latie switchboard equipment for power stations and sub- 
. Our records indicate that over 2,000,000 kw. of 
apparatus are under automatic control and over 
0 kw. of feeders and transformers are in automatic 
ervice. 

s been thought that the development of the automatic 
would make the attendants more mechanical. This 
been the case. Instead, the personnel of the operating 
■ es who care for automatic stations have been required 
b g^ter degree, of intelligence than those who attend 
-1 type of substation. It should not be thought, however, 

5 automatic station is an intricate or complicated col- 
>f devices. It is not. It is a very simple combination 
es quite well known in the control art but so skilfully 
id one to another that they perform functions heretofore 
d to human beings. When one considers the problem, 

3 it should be because human beings are relatively slow 
ad, while, the changes in the electrical circuit take place 
rem.e rapidity. The ordinary human being responds to 
lse in about one half a second while the ordinary elec- 
svice will respond to an electrical impulse in one- 
even one one-hundredth, of this time. 


Sometimes it is thought that the installation of automatic 
stations will require the engaging of skilled personnel for their 
maintenance and operation. Experience has indicated that 
this is not the case because as before stated the equipments con¬ 
sist of quite common control devices although there are more of 
them than in the usual manually operated station. Operating 
companies have demonstrated that they have in their employ 
many who can successfully install, maintain and operate auto- 
matJc stations. 

Besides, the manufacturers have found that some of the operat- 
mg companies have employees who can and do suggest improve¬ 
ments in the schemes of operation as a result of their practical 
experience. 

Load-limiting or load-shifting resistors are almost always 
discussed when automatic stations are considered. These 
resistors have three functions; 

1. To prevent the flow of excessive current between dn on¬ 
coming machine and the bits. 

2. To limit the drain on a machine for continuous service. 

3. To shift to adjacent machines the load from a machine 
which might be overloaded. 

. Eaeh of thes f functions is quite important. However, the* 
importance varies with the application and with the type of 
transforming apparatus.. Primarily, load-limiting or load- 
shifting resistors assist in maintaining service under unusual 
operating conditions and find here their most advantageous 
application. 

H. S. Knowlton: I should like to ask Mr. Lichtenberg 
to say a few frords about the training of .men to maintain and 
inspect these automatic stations. Probably the designing 
engineers have provided very thorough instructions in "printed 
form, but is there not a great gap between the ability of the 
designing engineer to comprehend the details of these automatic 
plants and that of the average operating man? 

K. K. Palueff: It seems to me that the automatic sub¬ 
station has two very important characteristics. First, that 
there is no need of technical knowledge or training on the part of 
the operator; and second, that it makes small installations more 
economical. 

The automatic substations will enable us to electrify small 
waterpower systems. I should like to add that in this country, 
particularly, the supply of peat was entirely neglected for the 
reason that the main problem connected with the development of 
peat was the impossibility of transportation. Peat made in 
such a manner as to withstand transportation becomes ab¬ 
solutely uneconomical. It seems to me, therefore, that the 
automatic stations may permit exploitation of the peat bogs in 
this country as well as in Russia to a far greater extent than 
at the present time. 

E. deMulmen (by letter): Mr. DeGoede mentions that the 
first trial installations of automatic switching equipment were 
not made in Europe until 1921-22. I should like to mention 
that an automatic converter substation in Basel (Switzerland) 
has been in successful operation since 1918. Mr. DeGoede 
states that the development in Europe was forced by post-war ' 
conditions, but the actual development of automatic equipment 
was started during the war on account of shortage of labor* 

My. DeGoede mentions that load-limiting resistors ^ire not 
much used in Europe. It might be said that a drooping charac¬ 
teristic is used in most of the European substations for traction 
purposes, resulting in a great flexibility in load distribution 
between the different substations. This scheme protects the * 
converter from high overloads and assures continuity of service 
without destroying a considerable amount of energy in load- 
limiting resistors. In this country, about 90 per cent of the 
traction substations use compound-wound mac hin es which 
require load-limiting resistors to give the system some flexibility, 
but when laying out a new system, it will always be found that a 
drooping characteristic will give the most economical results. 
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In this respect, it may be of interest to note that in one of the 
most recent automatic substations in Chicago,— the Gnmm 
Avenue Substation,—no load-shifting resistors are used, as the 
inherent voltage characteristics of the machines in this su 
station do not require such equipment. . 

In saying that automatic vacuum control is not generally 
furnished with the European automatic rectifier equipments, 
Mr. DeGoede doubtless refers to the first trial installations 
After considerable research, Brown, Boveri & Co. has succeeded 
in bringing out a most reliable vacuum control which has been 
in co mm ercial use since 1923 and supplied with each automatic 
rectifier equipment. This type of automatic vacuum contro 
is used with over a hundred automatic rectifiers in Europe and 
in eight automatic rectifier substations in this country. 

A. H. DeGoedes Mr. de Mulinen states some of the reasons 
why load-limiting resistors are in such little use in Europe. It 
might be said that the service conditions in the United States 
are usually much more severe, and fh many instances it has 
been proved that during periods of heavy load it was not possible 
to keep a machine with drooping characteristics on the line, 
making it necessary to add load-limiting resistors to maintain 

service. _ . ~ 

I was fa miliar with the fact that the Brown Boveri Company 
has equipped its automatic rectifier substations with auto¬ 
matic vacuum control during the last two years. However, 
as stated in my paper, this is still not generally furnished by 
most of the European manufacturers, while the American practise 
considers it an essential feature for full automatic operation. 

The remarks of Mr. Lichtenberg supplement my jihper on some 
interesting points. Many other points might have been treated 
more broadly, but in order to keep my paper within bounds, 

I have only endeavored to give a brief outline of the main ad¬ 
vantages of automatic switching equipments, and of what has 
been accomplished along this line. 

INSTABILITY IN TRANSFORMER BANKS 

(Gould) 

Pittsfield, Mass., May 28, 1927 

V. M. Montsin^er: I was very much interested in Mr. 
Gould’s paper because it gives a possible explanation of the 
same kind of phenomena that I observed on some single-phase 
transformers a few years ago. 

In 1914,1 presented discussion for a series of papers on trans¬ 
former connections, etc., and in this discussion, showed how con¬ 
denser capacity, connected either across an opening in the delta 
of a Y-delta connected bank, or across the legs of the delta, 
intensified the harmonic voltages. Fig. 4, as given in Part I 
of the A. I. E. E. Transactions, for 1914 p. 782, shows that at 
about 45 or 50 kilolines per sq. in. core density, the harmonic 
voltages suddenly increases to 200 per cent of the fundamental 
voltage. Upon further increasing the density, the harmonic 
voltage decreases and then increases again; in fact, as the core 
density increased, there were three points at which the harmonic 
voltages were intensified. 

-Fig. 6, shown on p. 783, gives results of similar tests made on a 
three-phase core-type transformer, and these curves demonstrate 
that no intensification of the harmonic voltages occurred at 
any point as the core density was increased—the maximum 
intensification being in the order of 15 to 20 per cent of the 
fundamental. 

- One point I wish particularly to emphasize is that while we 
have these dangerous harmonic voltages in single-phase trans¬ 
formers, we do not have them in three-phase core-type trans¬ 
formers. The reason for this obviously is due to the fact that 
in single-phase transformers, the third harmonic voltages in the 
three legs, which are in phase and flowing towards the neutral 
of the “Y” connection, have a return path through the iron core 
leg external to the windings; while in three-phase core-type 


transformers, the harmonic voltage flux must return through 

^ I Should like very much to have Mr. Gould’s comments on 
how this difference in phenomena, between, single-phase and 
three-phase core-type transformers lines up with the conclusions 
that the contributing cause of this intensification is leakage 

reactance. • . ,, ., 

K. E. Goulds I have done no work with the three-phase 

transformer, and the present paper considers only three single¬ 
phase transformers star-eonnected. The statement that the 
leakage reactance of the transformer windings is not a contribut¬ 
ing factor in the instability is based on the fact that in changing 
the capacity from the secondary to the primary, there was 
practically no difference in the instability which seemed to me 
conclusive evidence that the leakage reactance is not a con¬ 
tributing cause. 

This statement that leakage reactance does not cause in¬ 
stability, was made particularly in consideration of work that 
Mr. Shaw did at M. I. T. in 1924. He gave a very good expla¬ 
nation of the instability, showing that there were two conditions— 
two points at which the transformers could operate—due to the 
interaction of the capacity, and the leakage reactances of the 
transformer windings, particularly in the Y-delta case, where 
the capacity is inserted in one corner of the delta. However, 
as soon as it was discovered that the instability still existed with 
only the iron-core reactor in parallel with the capacity, it seemed 
evident that the instability was not due to what Mr. Shaw called 
a resonance effect between the capacity and the leakage re¬ 
actance of the transformer windings. 

REDUCTION OF TRANSFORMER EXCITING CURRENT 
TO SINE-WAVE BASIS 1 

(Camilli) 

Pittsfield, Mass., May 28, 1927 
Aram Boyajian: For the benefit of those who are not 
intimately familiar with transformer problems I wish to say 
that the reduction of core loss and exciting cufrent to a sine- 
wave basis is not quibbling over laboratory precision. The 
reduction of the core loss to a sine-wave basis involves wave¬ 
shape errors of from zero to 20 per cent, and the reduction of 
exciting current to a sine-wave basis involves errors of from zero 
to 50 per ceift. The leading manufacturers of the country use 
methods to reduce core loss to sine-wave basis, and possibly some 
of them use methods to reduce the exciting current also to sine- 
wave basis. These methods greatly lessen but do not completely 
eliminate the possible errors mentioned, due to the fact that the 
bases of all the methods used in the past have been imperfect. 
Mr. Camilli therefore has undertaken to develop methods which 
will have a better basis and will be entirely reliable. I think 
he has succeeded surpassingly well. 

K. K. Palueff: With the tests made by various manu¬ 
facturers under different conditions, it is impossible to adjudge 
the comparative characteristics of different transformers, and 
it seems to me that the methods described by Mr. Camilli‘will 
give a very fine basis on which to decide whether the magnetizing 
current really is 2 per cent or 4 per cent. 

I should like to take exception to Mr. Camilli’s statement in 
the first paragraph of his paper wherein he says that the testing 
facilities, in regard to the capacity of the generators, are not 
increasing in proportion to the transformer kv-a. capacity. 
That isn’t our case here in the General Electric Company. 
For the last five years, our testing capacity in generators has 
increased from 3000-kv-a. to 25,000-kv-a. units, and at the 
present time we are equipped to test the largest transformer we 
have yet built, or are going to build for several years to come, 
with a generator which will give very good agreement with tba o 
the perfect sine-wave generator. 


1. A. I. E. E. Journal, September 1927, p. 892. 
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HYSICAL NATURE OF THE ELECTRIC ARC 

(Compton) 

Deteoit, *Mich., June 21, 1927 

'H Slepian: There is hardly a scientist on whose work 
or© than Professor Compton. 

amber as one of the best of Professor Compton’s papers 
on the theory of the arc which he gave in the Physical 
Ln 1923, in which he so ably defended the thermionic 
vhicli he has discussed tonight. Today, however, Pro- 
ompton apparently feels that perhaps this theory may 
ys hold after all. 

rkabl© also have been his papers on abnormally low- 
ares. The first deals with the theoretical difficulties, 
roving that an arc with a voltage less than the ionizing 
>f the gas is impossible. A later paper, however, demon- 
he existence of arcs with voltage less than the ionizing 
L but greater than the resonance potential. Then 
a paper showing that where 1 * arcs with voltages lower 
3 resonance potential had apparently been obtained, 
ns bad been present which momentarily would raise 
age above the resonance potential. Then came still 
paper showing that ares with total voltage less than the 
e potential were possible under suitable conditions, 
er paper which I found exceedingly valuable, stimulating 
•uctive, is that one on the Mobility of Ions in Discharges 
b© very boldly sets out to calculate the ways in which 
move in gases of considerable density under the action 
ectrical fields, taking account of various kinds of col- 
hieb electrons can have with molecules. This was an 
gly difficult problem, and I marveled that anyone had 
rity to tackle it. Yet with a few skillful manipulations 
is. Professor Compton derived equations which are 
y to understand and exceedingly valuable, 
a re soxn# experiences which I have had in connection with 
©©ring work which I think will be interesting in relation 
eory of the arc. The various theories of the cathode of 
mentioned by Professor Compton require that a con- 
portion of the current be carried by electrons leaving 
>de. The question then arises as to how th#se electrons 
f tbe cathode, as ordinarily electrons will not pass from 
into an adjoining gas. One agency which will assist 
in escaping from a metal is heat. When its temperature 
ntly bigh electrons can pass freely out of a cathode, 
ssentially the thermionic theory of the cathode of the 
b Professor Compton advocated a number of years ago. 
m possibility which Professor Compton has mentioned 
very bigh electric gradient may develop at the cathode 
l tbe arc a gradient so high that the electrons are pulled 
) ©atbode even though it is not hot enough for thermionic 

time of the experiments which I am going to describe, 
witb almost everybody else, believed in the thermionic 
tbe cathode; that is, that in an arc it was necessary to 
>atbode hot enough for thermionic emission. If the 
fas not hot enough for this, an are discharge would be 
e, and if any discharge was obtained it would have to be 
other high-voltage form. I tried to apply these ideas 
velopment of the arc which follows the breakdown of a 
> by application of high voltage. 

bhe electrodes of the spark-gap are initially cold, it 
ecessary that the discharge should start as a glow and 
r some point of the cathode reached a sufficiently high 
are should the discharge change into an arc. I tried 
ite tbe time for the heating up of the cathode spot, and 
tbe time for the flow to change into an arc, using data 
atts input at the cathode of a glow on copper obtained 


from other experiments. I found it would take seconds before 
the copper would get to the melting point, let-alone a temperature 
sufficient for thermionic emission. But the experiment showed 
that the arc struck almost at once. Immediately after the gap 
broke down, the voltage dropped to 20 volts, which is too low 
for glow. 

I had been of the opinion that the cathode had to be hot in 
order to maintain an are; yet here, where the electrodes did not 
have time to get hot, I was getting a discharge with only 20 volts. 
More recently, this experiment has been repeated, using the 
DuFour Oscillograph, and it has been found that the time for the- 
discharge to change from glow to arc is of the order of a micro¬ 
second. 

Since the cathode couldn’t have become hot in so short a‘time, 
this experiment made me<feel that the thermionic theory of the 
cathode couldn’t be correct; at least hot all of the time. 

Another experience in connection with my engineering work 
which made me believe that probably the cathode didn’t have to> # 
be hot was in studying the operation of switches. I have seem 
switches in which the arc was blown rapidly along the arcing: 
horns operate, and examined the horns afterward, finding: 
stretches on the arcing horn absolutely free of burning. There 
might be some oxidation but no evidence of a very high 
temperature. 

This seemed strange and would be hard to explain if the cathode 
had to be hot enough for thermionic emission. I looked into this 
a little more closely, and considered tbe hypothesis that perhaps 
the arc hopped from point to point, without passing over the 
intervening stretch, so that this stretch might not appear burned 
because the arc had not actually played on it. 

I eliminated this possibility by bringing the electrodes very 
close together, and also took photographs with a high-speed 
camera. I found that even at those spots where the arc had 
played, as indicated by the photographs, there was no burning. 

A German, H. Stolt, has also carried out similar experiments, 
published in the Annalen der Physik . Stolt caused an arc to 
move over a cathode so rapidly that apparently there was no 
heating of the cathode. The claims of Stolt were criticized by 
Guntherschulze, who is mentioned frequently in this paper of 
Professor Compton’s; but Stolt replied quite well to the criticism 
of Guntherschulze, and I believe that Stolt’s conclusions are 
fairly well established. Stolt did get a low-voltage discharge 
from copper and other metals, which moved so rapidly over the 
copper surface that no spot of the copper surface became hot 
enough to melt, let alone have thermionic emission. This 
seemed to me to disprove definitely the theory of the necessity for 
thermionic emission. I have carried experiments similar to 
Stolt’s somewhat further, and have used currents as high as 
20,000 amperes; that is, I have moved a 20,000-ampere are, over 
a cathode surface so rapidly that there was no melting of the 
copper but merely a trace of oxidation. Incidentally, the current 
density in these experiments was of the order of 30,000 amperes 
per cm. 2 

The application of the method of energy balance at the * 
cathode which Professor Compton has used in his paper for esti¬ 
mating the fraction of the current carried by electrons* is cer¬ 
tainly very interesting, and the values / = 0.25 to / = 0.16 
obtained for the mercury are seem significant. If the ionization 
of the gas next to the cathode is primarily due to collisions from 
electrons coming from the cathode, / could not be less than 0.50. 

Some time ago, I suggested in the Physical Review that per¬ 
haps no part of the current at the cathode was carried by elec¬ 
trons, but that all of the current was carried by positive iona 
coming from the highly ionized gas next to the cathode. The- 
cause of the high state of ionization in the gas was to be sought 
in the very intense energy concentration there. The values of JT 
which Compton finds indicate that this suggestion may be near 
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ru n ee , if a necessary correction to the energy balance 
equa ion is a PP le< ^ the value of / comes even closer to zero in 
cor ance wi my suggestion. The correction is as follows, 
s 1 em ( ) un er A, “Heating of the Cathode,” Professor 
Compton has By incoming positive ions, which fall through the 
cathode drop B (1 _ /) (Bc + ^ +) „ But all the positive 

10 nf d °iA 0t fal1 throu ^ h cathode drop unimpeded. Some 
wi co i e with molecules and lose energy to the gas. Also, 
many positive ions win be reflected from the cathode thus' in¬ 
creasing the chances of coHision with molecules. Let a be the 
fraction of the energy acquired by falling through the cathode 
drop, which a positive ion, on the average gives up to the cathode. 
Then item (1), under A, becomes (1 -/) {a B c + <f>+). 
Equation (21) then becomes 


r = a + 4>+ - F Bj + H-C-C'-R-E 
+ (B c Bi) 

If we substitute the numerical values*used by Compton we get 
_ 8.6 Of - 5.5 8.6 a - 6.6 

* S.6 <f> -+■ 3.9 r 8.6 0+3.9 


C r - R 


If^we take a = I we get, of course, the values of Compton, 
/ = 0.25 and / = 0.16. If, however, a is as low as 0.64 by the 
first formula, or 0.77 by the second formula, we get/ = 0. 

Now what is a reasonable estimate of the value of a? We 
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may obtain some idea by determining the number of positive ions 
which cross the cathode space without colliding with a molecule. 
The electronic mean free path as given by Compton in this paper 
for the mercury-arc cathode is 4 X 10- 5 cm. and therefore the 
ionic mean free path is 1.0 X 10 ~ 5 cm. On the other hand from 
d^uation (20) taking — J = 4000 as given by Guntherschulze, 
we find, for d , the cathode-fall space d — 4.95 X 10 ~ 6 . The 
fractional the positive ions which will have free paths greater 
than the cathode-fall space will therefore be 

4.95 X XO~~ 6 

e ~ 1.0X10-5 = e -0 .495 = 0.61. 

That is only 61 per cent of the positive ions crossing the cathode- 
fall space fail to collide with a gas molecule. Hence a value of 
a equal to 0.77 does not look altogether unreasonable. 

J. C. Lincoln: At the plant of The Lincoln Electric Com¬ 
pany, we have run across a new phenomenon which has to do 
with the nature of the are and which has changed my notion of 
what happens in the arc. This ^phenomenon occurs in a device 
which we call an “electric torch.” 


The illustration herewith, shows the arrangement of the parts 
making up the torch. The copper electrode holder for the negative 
terminal is water-cooled as well as the copper positive terminal 
where the path of the cooling water is indicated. The copper 
anode has a tapered hole of the dimensions indicated on the 
sketch cut in it. The opening in the^anode is round and the 
dimensions are those of a section through the center of the 
opening in the anode. 

After the parts are set up an are is started between the carbon 
cathode and copper anode by short circuiting them with a 
carbon pencil. While the arc is maintained, a flame projects 
from the anode as shown in the illustration. 

Observation of the arc shows that the size of the flame pro¬ 
jecting from the anode is roughly proportional to the amperes 
across the arc, as might be expected. 

Furthermore, with a given current, the flame is larger when the 
distance D is smaller, the size of the flame decreasing as the 
distance D is increased. 

A change of current causes a much greater difference in the 
size of the flame than is paused by a proportionate change in 
the distance D. 


The flame is apparently due to very hot carbon particles. 

If the flame is cooled, carbon is deposited on the cooling sur¬ 
face just as it would be if the feme from a wick were cooled. 


Cooling Water 
Copper 


I ! ++ 

I 1 J 

V V \+ 
\ \ \ 
\ \ 

\ \ 


A series of tests was made varying the current and the spacing 
D. The current was furnished by one of the company’s 200- 
ampere, d-c. welders and was adjusted to 50, 75, 100 and 150 
amperes across the arc. The distance D was adjusted to 3/16, 
3/8 and 9/16 in. For the results shown in the accompanying 
table, the flame was above the torch, as shown in the illustration. 

To determine the amount of heat in the flame, the amount of 
cooling water passing through the torch and its rise in tempera¬ 
ture were measured. In the tests the initial temperature of the 
cooling water was 19.1 deg. cent, and 5.375 lb. per minute was 
used. From these measurements, the heat absorbed by the 


m 


ami 

i 




water was calculated. The rate at which this heat was absorbed 


was then expressed in watts. It was assumed that the watjts 
input, minus the watts carried off by the water, equals the heat 
energy in the flame, and the table shows the percentages .of heat 
in the water and the flame respectively. 

The results indicate in general that the greater the current, 
the greater is the energy in the flame; also, that the smaller D 
the greater is the energy in the flame. 
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TABLE I 


a 

ths 

n 

X 

Amperes 

VoltS 

Watts 

input 

Temp, 
rise of 
cooling 
water, 
deg. 
cent.* 

Watts 

absorbed 

by 

water 

Percentage 
of heat 

In 

water 

In 

flame 


50 

47 * 

2350 

5.9 

1002 

42.5 

57.5 


50 

48 

2400 

6.9 

1170 

48.8 

51.2 


75 

51 

3820 

*8.9 

1535 

40.2 

59.8 


75 

40 

3750 

9.9 

1695 

45 .*2 

54.8 


75 

48 

3600 

11.9 

2020 

56.0 

44.0 


100 

55 

5500 

10.9 

1850 

33.6 

66.4 


100 

51 

5100 

13.9 

2360 

46.1 

53.9 


100 

49.5 

4950 

16.2 

2750 

55.5 

44.5 


150 

57 

8560 

18.4 

3130 

36.6 

63.4 


150 

51 

7670 

20.9 

3560 

46.5 

53.5 


150 

51 

7670 

23.9 

4040 

52.7 

47.3 


r 5 lb. of water passed per min. 


1 table shows that from }^ to 2 /z of the heat appears in the 
and I believe that if none of the heat developed in tbe flame 
idiated and absorbed by the copper and water, an even 
proportion of the total heat in the are would appear in 
me. 

direction of the flame can be affected by a magnet. By 
.ting the south-seeking pole of a bar magnet to the arc, the 
is pushed to one side. So far as I could judge the flame 
s not affected by the magnet. The direction of the flame 
action of the current from the carbon cathode to the anode, 
b it another way, the magnet had no effect on the direction, 
flame except when close to the arc between the carbon and 
* anode. 

current between the carbon and copper anode is effected 
b the way one would expect from the laws governing 
magnetic action. 

m there«is no external magnetic field at the arc, the current 
adially between the carbon and the copper anode. When 
5 is subjected to an external magnetic field, the current is 
to only a part of the radial path between carbon and copper 
the same time the flame is deflected so that it is more at 
ngles to the current. * 

i»t bearing do these results have on our conception of 
akes place in the arc? 

present view is that the voltage across the arc is made up 
>e portions; (1) the drop at the negative terminal, which 
>e great enough to heat the terminal to the point where it 
row off ions readily, (2) the I-R drop due to the resistance 
gas stream between anode and cathode and (3) the drop 
positive terminal which is fixed by the nature of the 
al and in the carbon arc is much greater than the drop at 
native terminal. The results of the measurements would 
© that in the carbon are there is a drop at the positive 
al that may be fixed by the nature of the material, but 
is drop is not nearly so great as has been supposed. The 
b the positive terminal in the ordinary carbon arc is the 
the heat due to the inherent drop and the heat of the flame 
t from the negative terminal. The heat due to the flame 
t has been separated largely from the inherent anode drop 
dectric torch and measured. The measurements indicate 
e heat in the flame or blast is greater on the average than 
a of the anode drop, the cathode drop and the I-R drop 
the resistance of the gaseous part of the arc. 
not think it is far from the truth to say that two-thirds 
energy in the carbon arc appear as heat in the flame or 
om the cathode. The question naturally occurs—What 
ature of the flame? Two things can be said of it. First, 
is of very hot carbon are shot off the end of the cathode 
*se draw the air with them so that the flame from a match 


is sucked downward through the opening in the anode when the 
apparatus is set up so that the flame is below the torch. The 
current of air was doubtless much stronger when the apparatus 
was turned over, for it was not possible to get the 9/16-in. read¬ 
ing with 50 amperes, for the arc would not persist long enough 
to permit of measurement of the heat. 

I assumed that this was due to the stronger current of air 
through the opening in the anode when the apparatus was set 
up* to take the measurements contained in the table. 

The second thing is that the actinic value of the flame near the 
opening in the anode is very much greater than the value in most 
of the flame. When the flame was focused on the ground glass 
the image of the flame covered nearly the whole plate, but a 
short-time photograph showed a very small figure on the plate. 
The pictures were taken in 1/500 to 1/1000 see. and at this 
speed, not more than 10 per cent of the flame that showed on the 
ground glass plate appeared on the photograph. 

A picture of the flarn^ was taken with the camera behind a 
piece of %-in. thick pasteboard to see if the active part of the 
flame contained X-rays. The results were negative. 

When the current was reversed in direction, the apparatus 
refused to work as a torch and the arc apparently tried to run up 
the carbon when it was made the positive terminal of the arc. 
This is a most noteworthy fact, for it depends on something be¬ 
side the electromagnetic forces. In any piece of apparatus with 
which I am acquainted, the direction of motion is independent of 
the direction of current, for the reversal of current reverses the 
flux and with both flux and current reversed, the direction of 
motion is unchanged. 

What is this blast or flame from the cathode? Apparently 
it is not a stream of electrons, for if it were, it would be affected 
by a magnetic field. At the same time it must be remembered 
that approximately two-thirds of the total energy in the arc 
appears in this flame. It is my opinion that the blast from the 
cathode in the carbon arc is due to vaporized carbon from the 
carbon pencil. 

We do not know much about the latent heat of carbon, but it 
is possible and even probable that it is very high. If I am correct 
in the opinion that most of the energy of the carbon are is 
expanded in vaporizing carbon from the carbon cathode and 
that most of the heat that appears at the positive anode is due to 
the solidification of the vaporized carbon at the anode, this 
would be evidence of a large amount of energy required as latent 
heat to vaporize carbon. 

It is my belief that to get a more accurate conception of what 
occurs in the arc, we shall have to substitute the idea of the blast 
from the negative terminal as being the central and important 
thing which occurs in the arc, for the idea that there are inherent 
anode and cathode drops. 

The tests described in this paper show that the flame is a 
phenomenon associated with the negative terminal. 

The old way of looking at it would be to say that the inherent 
drop at the positive terminal was great enough to produce the 
heat that actually appears there. This old conception has, 

I think, been shown to be wrong by these tests. 

The old idea was that the current passed across the arc in* a 
solid stream and that a cross-section of the current in the arc 
would be a circle. 

The experiment with the torch, as well as some others not 
described, indicate that the core of the arc is the blast from the 
negative terminal and that the current flows outside of the 
blast and that the section of the current across the arc would be • 
an annulus and not a circle. In such a cross-section, the inner 
circle would be the cross-section of the blast from the negative 
terminal and the annulus outside of this inner circle would be the 
cross section of the current. There is no doubt that this is 
the true picture of the cross-section of the current in the case of 
the torch, and I believe it is the true picture in any carbon arc. 

P. P. Alexander: I should like to ask Professor Compton 
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4 io say a few words about the ionizing potentials of different gases. 
These are well known at ordinary temperatures, but at. the 
temperature of the are core, apparently, they are entirely 
different. For instance, the ionizing potential of nitrogen at 
ordinary temperature is something like il volts; at the tempera¬ 
ture of the are core, it appears to be several hundred times less. 

I should like to ask Professor Compton if experiments have 
been made to determine the various ionizing potentials at high 
temperatures, because knowledge of these potentials is quite 
essential to the correct interpretation of arc phenomena. 

V. Karapetoffs Dr. Compton’s paper is mainly concerned 
with simple, steady arcs, and it is only right that an involved 
phenomenon should first be studied in its simplest form. In 
" practical applications, we have mostly variable arcs, and our 
problem is two-fold: (1) To make an arc as steady as possible, 
for example, in are furnaces, in electric welding, in are lamps, 
rectifiers, etc.; or else, (2) to make an ar^ as unstable as possible 
so as to extinguish it quickly; for example, in switches, spark- 
gaps, relay contacts, flashovers, etc. 

In either group of problems, it is of importance to know the 
factors which contribute both to the stability and instability of 
an arc, so as to intensify the desirable factors at will. This 
means that engineers will have to pay more and more attention 
to the physical nature of the arc, and Dr. Compton’s paper, with 
its references to literature, should prove a valuable introduction 
to the subject as well as a guide to future investigators. 

Dr. Compton quotes several empirical equations for the ob¬ 
served relationship between the voltage and the current in a 
steady arc. In a transient are, or spark-over, both the current 
and the voltage are functions of time, and the apparent total 
resistance of the arc is variable. Dr. Max Toepler 1 has proposed 
the following function for this resistance: 

Rt ~ kF/At (a) 

Here k is an empirical constant, F, the length of the arc, and 
A t the total quantity of electricity which has passed through the 
are from the instant t = 0, when, it was struck, to the instant t 
under consideration. 

For a transient arc, there is some reason for Toepler’s formula, 
in that the ionized state of the gas is established only gradually, 
and may. be considered a function of the quantity of electricity 
which has passed through the arc, the conductance increasing 
with this quantity. 

On the other hand, Toepler’s formula has some serious defects; 
namely, 

1. The resistance, according to formula (a), being infinite 
at the instant of striking, no finite voltage should be able to start 
an arc; 

2. Should the arc continue over an indefinite period of 
time, its‘resistance, according to Toepler, should drop to zero; 

3. The ratio of the voltage to the current is assumed to be 
proportional to the length of the arc; in reality there is a con¬ 
siderable and concentrated fall of potential at the cathode, and 
some drop at the anode. 

It is proposed, therefore, to generalize Toepler’s formula as 
follows: 

R t = (kF + k')/(At +q) +r (b) 

In this expression, k\ q , and r are additional constants, intro¬ 
duced for the purpose of correcting the above-mentioned defects 
of the original formula. When Q % = 0, i. e., at the beginning 
of the discharge, R t is no more infinitely large, but has a high 
^finite value, Ro = (k F + k l )/q + r. With a steady arc, when 
Qt — 03 , the resistance is no more equal to zero, but has the 
limiting low value of Roo- r. Furthermore, the resistance is 
assumed to increase more slowly than the length F of the arc, 
there being a correction term k l . 

Dr. Otto Mayr has given a' general theory of condenser dis¬ 
charge through a resistance and a sphere-gap, using Toepler’s 


formula for the resistance of a transient arc 2 . He has also 
determined some values of k from the available experimental 
data. The next step should be to extend his theory on the basis 
of generalized formula (b), and to determine the numerical values 
of the constants which it contains. 

E. C. Starr: I should like to ask Dr. Compton and the 
gentlemen who have discussed his paperfif they have any data on 
the order of magnitude of the transient resistance of an arc. 

•I have reference to the type of are that is initiated by a potential 
of several thousand volts between electrodes in air at normal 
pressure and temperature. 

The size and shape of the electrodes, as well as the spacing, 
no doubt affect the resistance considerably. For example, the 
ionized path between the points of a needle-gap is not uniform 
in intensity of ionization and the effective cross-sectional area 
of the path is relatively small compared to the area of the path 
between large spheres or parallel disks. Hence it is to be ex¬ 
pected that the resistance of an arc between the latter type of 
electrodes should have a lower value throughout the entire period 
of the transient than in the case of a needle-gap of the same 
spacing. 

Dr. Slepian spoke of measuring the voltage transient of an arc. 
Perhaps he also recorded the current transient and could there¬ 
fore readily determine the resistance characteristic. 

The transient resistance equation suggested by Prof. Karapetoff 
should be of considerable value in the calculation of transients in 
circuits containing spark-gaps if the values of the constants can 
be determined. 

R. W. Sorensen (communicated after adjournment): I 
should like to supplement what has been said by telling some of 
the interesting things relating to arcs that Dr. Millikan and I 
have found, as we have endeavored to produce a non-arcing 
switch for use on electric circuits. At California Institute of 
Technology we have been interrupting high-voltage, high-power 
electric circuits by means of switches enclosed in a vacuum 
chamber. To date, we have been very successful in our at¬ 
tempts to do this, largely because the arc at the opening of the 
switch is very small, and apparently removes a negligible amount 
of material from the switch terminal when the arc is struck. 
We have some switches showing practically no burning or pitting 
of contacts after 4000 operations. Also, by means of relatively 
small contacts*currents of several thousand amperes at approxi¬ 
mately 50,000 volts, have been successfully interrupted. In 
performing these interruptions, the switch terminals have not 
been unduly pitted and since there is no pitting of the metal, 
it is rather difficult to account for the energy dissipation at the 
switch during the time of opening. 

Dr. Compton has defined an arc “as a discharge of electricity 
between electrodes in a gas or vapor, which has a negative or 
practically zero volt-ampere characteristic and a voltage drop 
at the cathodes of the order of the minimum ionizing or minimum 
exciting potential of the gas or vapor,” all of which may be true 
but we have found from our many experiences that if gas or vapor 
is required to maintain an arc, the amount required is indeed 
very small. Perhaps if we could hypothecate a liquid or gas, 
which will not vaporize at are temperature, it would still be possi¬ 
ble, though it may appear improbable, to start an are in such a 
liquid. I should like to ask Dr. Compton how it would affect 
his difinition to leave out the words “gas or vapor” and have his 
definition read “an arc is a discharge of electricity between 
electrodes, which has a negative or practically zero volt-ampere 
characteristic and a voltage drop at the cathode of the minimum 
ionizing or minimum exciting potential of the material stripped 
from an’ electrode at the temperature of the arc.” In other 
w r ords, is it essential that there be a surrounding medium of gas 
or vapor in order that an arc may be struck by the electrodes. 

If, for the moment we assume a medium of gas or vapor not 
essential to the establishment of an arc, we must, of course, look 


1. Archil) fur Elek., 1925, Vol. 14, p. 306. 


2 . 


Archivfur Elek., 1926, Vol. 17, p. 53. 
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me other means of explaining* the process by -which an are 
en electrodes is sustained even for a very short period of 
This presents a difficulty, which, however, may not be 
nountable. Contrary to public opinion, the best known 
m is not a perfect insulator, in the sense that no electric 
it can be made to*pass across such a vacuum, because we 
mow that electrons can be shot across vacuous spaces. 

an arc is struck by the two separating electrodes, there 
be present a host of ions or ionized particles, as well as free 
ons which serve as the carrier fof the arc. Is it not possible 
ture a condition under which these carriers may be provided 
ly from the electrodes, and not by a surrounding gas? 

T. Comptons The work to which Dr. Slepian calls 
bion is, I think, some of the most interesting in co nn ection 
Re theory of the arc. I made a reference to it in the paper, 
should like to call attention to just one thing for fear of 
misunderstood. 

>re were two theories of Langmuir that have been discussed, 
heory has no reference to the origin of the electrons. It 
apply independently whether the electrons have ther- 
3 or any other origin. It is merely a space-charge theory, 
bo the other theory, i. e., that electrons may be pulled out 
cathode by high electric fields, I think that we have there a 
ility of two types of electric arcs. Of course there are often 
r even more types of ares. The character may change 
>ne to the other, but both are recognized as arcs. It seems 
we have brought out in this discussion opportunity at least 
o of these. 

Slepian mentioned the case of a copper arc in which the 
Le was not melted, and obviously didn’t get to the melting 
rature. On the other hand, we certainly do have copper 
. which the copper does melt. 

Table I we notice two tungsten arcs, one with a current 
V of 3200 amperes per sq. cm., and the other with 700. In 
ter case the thermionic emission can be calculated from the 
rature that the arc reached. The tungsten melted, and at 
eached the melting point of tungsten. In that case (See 
II) the thermionic emission, calculated from the constants 
*sten, comes as near 700 amperes per sq. cm. as the purity 
tungsten would justify. On the other hand, 3200 is 
too high to be accounted for by thermionic emission. In 
sn we have these two different types, one # evidently of 
onic origin and the other of different origin,—perhaps with 
ns pulled out (Langmuir) or perhaps arising from intense 
ion in front of the cathode (Slepian). 
ungham used a special type of arc, especially designed to 
heat conduction so that cathode temperature could rise, 
a large cathode spot. In the case of carbon also we have 
good evidence of the large proportion of the emission 
onically, and in the case of Pointilite lamps and Tungar 
rs where we can use a pyrometer to determine the tempera- 
the various parts of the cathodes, one gets pretty good 
ent with the . theory of thermionic emission, 
able I, in the eases where we have current densities running 
msands of amperes per sq.cm. I think, with Dr. Slepian, 
ermionic emission is not adequate to account for currents 
order. Another agency must be operative in such cases, 
e are two ways in which the temperature may affect the 
» potential. In the first place, the gas to he ionized may 
miated from its molecular state into an atomic state as a 
>f high temperature. That such action is possible has 
own in experimental cases where it is possible to produce 
sociation under conditions that can be controlled, namely, 
ogen, iodine, etc. In those eases the effect is always to 
the ionizing potential. This action of temperature is 

igards any direct effect of temperature on the ionizing 
al of the gas, this effect will probably be rather small 
translating degrees centigrade into volts, about 8000 deg. 


cent, correspond to only one volt. There are no laboratory 
experiments that reach a temperature as high as 8000 deg. So 
the average energy imparted to electrons as the result of high 
temperature or to the molecules by high temperature would in 
general be only a fraction of a volt. • 

I don t know whether or not there are other ways in which the 
ionizing potential of the gas might be affected than these. The 
only ones I know that have been directly investigated have been 
dissociation of molecular gases into their constituents, and the 
direct thermal ionization of alkaline vapors in electric furnaces, 
as done at the Mt. Wilson Observatory. 

With regard to the question by Mr. Starr, I am sorry that 1 
cannot give the desired information because I have made no 
study of transient arc phenomena. 

Professor Sorensen’s suggestion that the ionization of materials 
stripped from the. electrodes at the temperature of the, arc be 
substituted for that of a surrounding gas or vapor appears to me 
to be quite permissible as including the interesting discharges 
which he described as true arcs. In fact such material is in¬ 
cluded in the term “vapor” in the sense that I have used. The 
important thing, as I see it, is the presence of some ionizahTe 
material in the space between the electrodes. 

The great success of this current interrupter seems to be due to 
the fact that, at such low gas or vapor pressures, the mobility of 
the ions is so great that they effectively disappear from the arc 
space during the time of low voltage between voltage reversals. 
In high-pressure arcs as in oil-immersed circuit breakers, on the 
other hand, # the ion mobility is so small that ions remain in 
in sufficient concentration to re-strike the arc after the voltage 
reversal. 

In answer to Prof. Karapetoff I wish to say that I never dis¬ 
cuss the question of an electric are with anyone who has had any 
real practical experience with an electric arc without feeling how 
limited is the experience which we have in the laboratory. As I 
said, we physicists work with arcs on a small scale, and the atten¬ 
tion of physicists has been devoted to arcs under the simplest 
conditions in order to find out something about the things going 
on in the arc. Unfortunately those aren’t the arcs met with in 
engineering practise, where simplicity and even understanding 
of the phenomena are not the prime considerations. It may be, 

I am afraid, another generation of physicists which will be able 
to answer some of the questions which are uppermost in the 
minds of engineers. 


PROTECTIVE DEVICES 1 

(Hunt) 

Detroit, Mich., June 22 , 1927 

Alfred Herz: I want to mention a few things about the 
klydonograph. This device makes use of photographic emulsion 
coated on a base of celluloid or glass. The essential thing is the 
sensitivity of this emulsion. * 

A photographic emulsion after development will appear as a 
collection of grains of practically metallic silver. The size of 
these grains seems to have a direct bearing on the sensitivity of 
the emulsion. In general as the sensitivity is increased, tfie 
grains also increase in size. These grains appear under the 
miscroscope as separate islands, or clusters of islands -viith clear 
spaces between. Films usually supplied for cameras are coated 
with an emulsion of a fair degree of sensitivity. I believe such 
films are usually used in the klydonograph. It is possible to 
obtain emulsions which have practically no grain, such emulsions * 
being usually made with albumin and not gelatine. They are 
abnormally slow for ordinary photographic work; but they make 
sensitive surfaces of such a fine grain that they can be used 
for miscroscopic photographs. 

The usual photographic emulsions, made with gelatine, are 
quite hygroscopic, and I really believe that some caution and 

1. A. I. E. E. Journal, August 1927, p. 779. 
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research should he carried on as to the effect of atmospheric tl 
•conditions upon the results obtained with the kiydouograph u 
I feel quite confident that some of the results are influenced by 
changes in the atmosphere. Therefore, if you want, results that e 
are really comparable, it is important first of all to make use of 
the same brand and speed of film or plates for all the teste con- 
templated. Furthermore, the experiments or tests should be 
carried on under some specific and similar conditions of the i 

a Tb S Sr e the Lichtenberg figures are produced by minute c 
electric discharges between the grains mentioned, wbich mfi 
account for the ray-like images we obtain under certain cona¬ 
tions as well as for some of the figures resembling tree-like I 

growth. , ,, c 

3. Allen Johnson: I wish to call attention to the matter 
of lightning-arrester standardization. It appears that by the 
use of the klydonograph, (which you may call an approximat y ( 
accurate instrument), and the Dufour -oscillograph (which is ^ 
probably a very accurate instrument), the fog which has for 
ZZ vears surrounded the lightning-arrester question is grad¬ 
ually being dissipated. The difficulties m the way of the sta 
ardization of lightning arresters and lightning-arrester tests 
appear to be passing away. However, the lightning -ester isa 
device for dealing with transient voltages, for its Proteeti 
value bears a relation to the transient voltage, not to the cyclic 
voltage which we generate on our lines. It therefore seem 
necessary, in order to • standardize lightning-arrester ehamcter- 
istics, that we first standardize a transient voltage That idea 
may sound revolutionary as we have always been accustomed t 
thinking of transient voltages as very uncertain in their nature, 
but the use of the klydonograph is beginning to give us pretty 
good evidence as to the true nature of the surges which occur 
on transmission lines. We find, for instance, that they are 
usually unidirectional, or, if not, highly damped We are 
beginning to have evidence as to the steepness of then wave 

fr °iTseems, therefore, that the time is nearly ripe to standardize a 
lightning surge for comparative tests of lightning arresters. 
This report suggests a definition of a standard surge. 

I wish to announce that the lightning arrester subcom¬ 
mittee would be very glad to have any ideas on this subject so 
that the committee may have the benefit of them mwor mg 
this standardization. The committee has prepared a tentative 
form of standards for lightning arresters based upon that is, 
starting from the basis of the report of the working committee 
in 1926. I have about twenty-five copies of this tentative form 
and I should be glad to give copies to any one sufficiently 
interested. 

PUNCTURE VOLTAGE AS A PRECISION 
MEASUREMENT 1 

* (Btjsh and Moon) 

Detroit, Mich., June 24, 1927 

W. W. Shavers Mr. Moon stated that his results indicated 
thiit the breakdown was not a pyroelectric effect. I should like 
to mention some experiments which we have been carrying out 
on Pyrex and porcelain insulators which seem to warrant a 

similar ecJnclusion. , _ . 

These consisted in developing partial punctures; that is, 
carrying a puncture test almost to the point of breakdown; and 
then breaking the circuit and examining the partial puncture 
# in the material. We have some photographs showing what 
might be described as “petrified lightning” in the breakdown m 
the Pyrex insulators. The discharge very much resembled a 
lightning flash permanently impressed in the glass. In the porce¬ 
lain insulators, of course, we could not observe this in the same 
way, but by staining the material, we have found means to show 

1. A. I. El. E. Journal, October, 1927, p. 1007. 


that breakdown occurs in a similar manner. When examined 
under the microscope, the appearance of these partial punctures 
indicated that the breakdown was not due to a pyroelectric 
effect, but more probably to some type of ionization m the 

m F^’ciark- In Pittsfield, we have forked for several years 
trying to devise a theory for insulation failure. We may not 
have made any more progress than other electrical laboratories, 
but we have reached some definite conclusions with regard to 
dielectric behavior. One. conclusion is that the electrical 
breakdown of air-impregnated insulation is certainly not a 
breakdown phenomenon which we can explain on the basis of the 
pyroelectric theory. That checks, I believe, with the conclusions 
drawn by the authors. Air-impregnated insulation appears to 
give a breakdown which is a function of the chemical be¬ 
havior and dielectric strength of air. 

On the fifth page of their paper, the authors discuss the effect 
of large and small electrodes. They apparently reach the con¬ 
clusion that the difference accompanying the use of large and 
small electrodes is a weak-spot difference. From such familiarity 
as I have with the paper the S are using, I do not see how they ean 

reach any other conclusion. 

If the authors desire to get further evidence of the presence 
of weak spots, my suggestion would be to take a head set and 
locate those areas with low-voltage direct current.. 

Iu our work, we have extended the investigation to cover a 
number of laminations of this same type of paper as well as thick 
material, such as pressboard. We still find that the small elec¬ 
trodes give higher values than the large ones. This and other 
related observations make it almost conclusive to us that there 
is some effect present other than that which we can attribute 
to weak spots mechanically formed during the manufacture of 

I was interested in the results with polished brass electrodes. 
We found the same thing. However, we have been led to believe 
that in all probability the low breakdown which is obtained for 
such thin materials when tested with new electrodes is due to 
the fact that the machinist has not polished the*electrode sur¬ 
face sufficiently. With low-voltage direct current, weak-spot 
tests invariably show a larger number per sq. ft. with a new set 
of electrodes than with an old set. With frequent use, this 
difference between the electrodes tends to disappear. We have 
about concluded that the difference is largely due to a surface 
condition of the electrode which is mechanical and not chemical 
, in any way. 

Herman Halperin: In the body of the paper, the authors 
carefully point out the fact that the paper is only one-half a mil 
thick and for this reason thermal factors are favorable to dis- 
ruptive breakdown. 

Thermal breakdown. The equation for thermal breakdown is 
E 2 /p = C (Appendix A) 

Now, this equation does not contain a term for t (= time) 
since it is tacitly assumed that voltage is raised at a slow rate, 
and the equation is the boundary or limiting % value of the stable 

I or steady-state condition. It takes a few hours to reach a steady 
e condition. However, in Bush’s tests, 100 to 120 readings were 
t taken per hour. This is at the rate of two per minute, and assum- 
a ing that half of the time is consumed in relay operation, feeding 

the tape, etc., the voltage must have risen at least 600 volts m 
3 ’ 15 sec., or 40 volts per see. This is far from a steady-state con- 

^ dition and it may well be that a more critical study of the therma 
>e theory including the time and thermal storage coefficient of t e 
paper would yield results consistent with the data. ^ 

II At the end of Appendix B, they have this sentence: With a 
a more thorough knowledge of insulation, the future engineer may 
e ~ be able to avoid thermal breakdowns altogether.” . 

ie That is, to my mind, a very nice hope, hut I don’t believe e 
w authors have presented enough data to warrant that possibili y. 

Now, in Chicago, during the past few years, we have made over 
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ests at various times and durations on impregnated paper 
action in underground cables. We have found that about 
ar cent of the failures occurred in the region of the cable 
3 the sheath temperature was higher than the adjacent 
h temperature. During the time the voltage was on the 
, our testing men went along the cable and felt it with their 
s, and whenever they discovered a point a little hotter than 
ormal cable temperature, they placed the thermometer on 
aeath and in that way we got the data as to the location of 
)-called hot spots. 

rthermore we have found that* a larger percentage of the 
es was at hot spots when we had the thicker insulations, 
o with real thin insulation, there may be more dissipation 
3 heat longitudinally so that.it does not perhaps manifest 
in these hot spots. 

riation of thickness . If the failure is “disruptive” and 
rs “weak-spot” theory then running 1, 2, 3, . . or n 
• layers through together, the dielectric strength should 
tse faster than the thickness of the layers. I should expect 
^nations to be of the form 

E = Ei (n + Clog n) 

a E is strength of n layers and E x is the strength of one layer 
ready determined). In other words, the weak spots would 
ne up and two papers would be far stronger than two times 
aper. 

wever, on the other hand, if the thermal law were large or 
minant, the strength could not be greater than 
E = N Ei 

robably would follow the law 

■ . E - yj~N Ei n^ 1 -*> 

the failure were a complex combination of thermal and 
3tive effects, (as is very probable), then the dielectric 
?th of several layers could follow the law 
E = <t> (n) Ei 

> <t> (n) could be greater or less than unity for n = small 
er (1, 2, or 3, etc.). This may explain why different 
ugators fhay have found 

E = n Ei 

E *= (n) X Ei \ 

E - Vto Ei, etc, 

n, Bush and Moon are in an excellent portion to throw 
light on this dispute by making identical tests with n = 2, 

, etc., up to the limit of the generator, 4000 volts (using 
strips, if necessary). Perhaps they could go as high as 
. Of course, they would have to be very careful about the 
ire, since I am assuming thickness t = n tu 
iation of material. The tests described are on dry paper, 
>regnated. Without great complication, I believe it en- 
feasible to surround the electrodes with an oil bath and 
the paper run through this bath—(several zig-zag passes 
i several rolls under oil). The oil should be continuously 
ed with degasified oil—the oil to flow in a closed cycle from 
bth, into a vacuum chamber, pumped out and through a 
oack into the bath. A surface float would prevent much 
>m being absorbed at the surface during the short time the 
Lains in the bath. Then the paper (being so thin), would 
y saturate with oil by capillary action, and small air 
3S trapped in the fibers would be quickly absorbed by 
(gasified oil. The test would then be a true test of oil- 
jnated paper. 

in, several thicknesses n should be tried up to the limits of 
paratus. They should be spaced apart during impregna- 
Ld combined under the electrode only at the last minute. 

it might be feasible and very valuable to adapt the 
Aus to test oil films. All that is necessary is to have a 
ual flow of oil in the bath and a strip (or strips) of paper 
3rforated windows moved one at a time under the electrode. 


* These “windows” would serve the double purpose of making the 
oil stagnant during test and positively sweeping it out clean for, 
the next test. 

Correlation. Then, having the breakdown strength of paper, 
oil, and impregnated paper separately, all with variations of 
thickness and temperature, the probability is high that much 
more will be known regarding the dielectric strength of “solid” 
oil-impregnated paper insulation.. For the effects of ionization 
a separate analysis would be necessary but much simplified by 
exact knowledge of the “solid” insulation in series and parallel 
with the ionizing voids. 

Wm. A. DelMars Messrs. Bush and Moon have made an 
important contribution to the study of dielectrics in calling 
our attention to the importance of a large number of tests of 
dielectric strength, in order to obtain significant averages. 
Workers on dielectrics are indebted to them for developing an 
apparatus for putting this principle into effect. 

The actual results obtained in their tests, however, are of 
doubtful value, due to Ibhe nature of the dielectric which they 
have chosen. In the first place, unimpregnated paper is merely 
air baffled by a tangle of fibers, and is not at all representative of 
a solid dielectric. Secondly, the use of samples as thin as miL, 
especially in a material of this character, was bound to result in 
the way they have shown. It was not necessary to make tests 
in order to discover the relation shown in Fig. 11 of the paper. 

I therefore feel that they have contributed little or nothing 
towards settling the disputed explanation of the lowering of 
dielectric strength with increase of area. 

The idea^illustrated by their Fig. 7 may prove to be an im¬ 
portant one for researchers on dielectrics if the slopes of the 
Curves A and B are really as different as shown. That such is the 
ease is indicated by their analysis of the work of Mundel. 

R. H. Marvin (communicated after adjournment): This 
paper is of great interest on account of the ingenious methods 
used and the accuracy and completeness of the data obtained. 
However, the dielectric used in these tests,—untreated paper,— 
raises some question as to their significance. 

If a piece of paper is examined with a microscope, it is seen 
to consist of great numbers of interlaced fibers. Such a struc¬ 
ture indicates air spaces between the fibers, which is in accordance 
with its well-known porosity. The question then arises whether 
a puncture test on such a material gives a true puncture of the 
paper substance, or merely a breaking down of the air in the 
interstices. This is best checked by a comparison with the 
breakdown value of an equal air-gap. 

Some excellent data on the strength of small air-gaps are given 
in, “The Sparking Distance Between Plates for Small Distances,” 
Robert F. Earhart. Philosophical Magazine. 6th Series. 
Vol. I. 1901. Pp. 147-159. From Fig. 4 of this article the 
following values for various gaps and pressures are obtained: 




Direct-Current Breakdown Voltage 

G« 

ip 

Pressure, 

centimeters oi 

mercury 

Millimeters 

Inches 

40 

76 

152 

0.01 

0.00039 

340 

385 

490 * 

0.02 

0.00079 

400 

460 

700 

0.03 

0.00118 

460 

530 

900 

—* --- 


The temperature is given as room temperature, and will be 
taken as 20 deg. cent. Since we may assume that changes in 
density caused by either temperature or pressure have the* 
same effect, these data permit determining the breakdown at 
different temperatures as well. 

Fig. 8 of the paper under discussion gives the breakdown 
strength of untreated paper 0.0005 in. (0.0127 mm.) thick at 
temperatures of from 0 deg. to 140 deg. cent. The curve is a 
straight line giving a puncture voltage of 586 at deg. cent.. 
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and 464 at 140 deg. cent. From the data given by Earhart let 
ns determine these values on the assumption that the paper acts 
merely as a spacer for an air-gap. If the relative air density is 
taken as 1 at 20 deg. cent., then it will be 1.073 at 0 deg. cent., 
and 0.710 at 140 deg. cent. Plotting the values m the table 
and taking the value? for a 0.0005-in. gap gives the following: 


ing results obtained by different investigators have been pointed 
out These, discrepancies are undoubtedly due to the use of 
, ' , w the various investigators. However, I 


Pressure, 

centimeters 

Relative air 
density 

Breakdown 
voltage * 

40 

0.527 

354 

76 

1.000 

4C6 

152 

2,000 

547 


out. mese. - . ,. , tj 

different materials by the various investigators However, 

think that the differences are partly due to the fact that some of 
these breakdowns occurred according to the thermal theories 
and some did not; that is, two investigators might test samples 
of the same material and might get entirely discordant results 
due to difference in thickness or temperature. One might get 
thermal breakdowns and the other might get ionization 
breakdowns. 


Plotting the breakdown voltage against relative air density, 
we obtain the breakdown voltage at 0 deg. cent, (relative air 
density 1.073) as 415 volts, and at 140 deg. cent, (relative air 
density,0.710) as 373 volts. Thus the value for air at 0 deg. cent 
is 70.8 per cent of the value for paper, »nd the value at 140 deg. 
cent is 80.4 per cent. Both values for air are therefore a little 
low, but by nearly the same percentage. 

There is also the possibility that the path of the spark among 
the paper fibers is not straight, but winding. This. 
increase the breakdown voltage of the air path, and bring the 
calculated values for air more nearly in accordance with the 
observed values for paper. 

While it must be admitted that the data presented are not 
sufficient to prove that the untreated paper acted simply as an 
air-gap, still the relation is sufficiently striking to-appear to 

deserve further study. ^ • 

P. H. Moons I was much interested in the suggestions made 
by Mr. Halperin. There is, of course, an immense field for 
further work along these lines; and our work, so far, can hardly 
be considered as more than a preliminary. 

I agree with Mr. Del Mar that the material used was not just 
paper but was “air-impregnated” paper. I do not see, however, 
that this invalidates our results. If the breakdown were 
purely a breakdown of air, then—making due allowance for 
variations in the machine—I should still expect the resu ts o 


Ionizaiion Breakdown 


\ Thermal 
\dreakdown 


/SOx/O 6 Volks/Cm 


Thickness | I 

0O yT -- " 5/u-5*lO -4 Xm. 

Y 1G . 2—Breakdown Gradient of Very Thin Specimens 
of Glass 


That thickness and temperature have a vital effect on the 
mechanism of breakdown is shown by some recent work by a 
group of Russian physicists. I am referring to Joffe, Inge, 
Semenoff, Walther, and some others. These investigators have 
obtained a very good check on Rogowski’s thermal theory with 
glass and with rock salt, provided the thicknesses were of the 
order of a millimeter or greater. In this case* if voltage gradient 
is plotted against temperature, the curve is very low near 
the melting point of the material and rises exponentially as the 
temperature is decreased (see Fig. 1 herewith). •This is just as 
we would expect from Rogowski’s theory. But the curve does 
not continue to go Up indefinitely. At some temperature— 
150 deg. for glass—it makes a suddSn break and becomes hori¬ 
zontal. Their tests have shown that it remains horizontal 
out to liquid-*ir temperatures. 

Joffe has shown that the exponential part of the curve is due 
to thermal breakdowns, while the horizontal part is caused by 
ionization. In the latter part, he has shown that the breakdown 
gradient is 


| [Tempera+ure | | 

, „ * 0 150 s 

Yig. 1—Breakdown Gradient of Glass 
T hickness - 1 mm. 

From Joffe, Kurchatoflf and Sinelnikoflf, Jour, of Math, and Physics , 
Aprii|l927 


be much more uniform than they were. The reason we used 
air-impregnated rather than oil-impregnated or varnished 
paper was simply to keep the number of variables as small as 
possible. In any measurement of insulation, the number of 
% variables -is large at best. If oiled or varnished paper had 
been used, additional “unknowns,” connected with the kind and 
condition of the impregnating substance, would have been 
introduced. 

In the paper by Del Mar, Davidson, and Marvin, 2 the conflict- 

2, Electric Strength of Solid and Liquid Dielectrics, A. I. E. E. Summer 
Convention Detroit, Mich., June 24,1927. 


where u is the mobility of the ions, P is the ionization potential, 
and e and m are the charge and mass of the ion. This would 
indicate that the gradient at breakdown is independent o 
the thickness and temperature, provided the mobility stays 
constant. 

It might seem that the horizontal part of the curve repre¬ 
sented the maximum gradient obtainable, but some further 
work has shown that this is not the case. If gradient is plotted 
against thickness of the material (Fig. 2 herewith), for sheets 
less than 5 jJi in thickness, the gradient goes up inversely as 
the thickness and rises to very high values. This again is 
supposed to be due to ionization by collision, but in this case 
the thickness is so small that there are insufficient ions to cause 
breakdown at the previous value (horizontal part of 
and thus the gradient is higher than it would be for thic er 
materials. , 

Finally, a place is reached at about 0.2 /x, where the gradien 

is again a constant independent of thickness or tempera ure 
... . . . . „ -- — 14 -r, rwsr cm. 


JLO CbgOOJJL 0> V/VJJLLO UCfcULU lJLLV4.CpCJU.U.OJ.XU V/JL - 

and having the immense value of 150 million volts per cm. 
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:down here is probably due to actual rupture of the mole- 
of the substance. 

to summarize, these investigators have shown that there 
least three distinct mechanisms of breakdown, and that 
different mechanisms apply in different cases. 


JECTRIC STRENGTH OF SOLID AND LIQUID 
DIELECTRICS 1 

(Del Mae, Davidson and Marvin) 

Detroit, Mich., Ju^e 24, 1927 
Clark: I think if you read this paper carefully you 
me to the conclusion that there is a considerable difference 
nion among “reliable experimenters.” That is due no 
to a fact which heretofore has been greatly ignored. Not 
ecently have the chemist and physicist come into agree- 
tvith regard to the structure of the atom. The chemist 
ud his own chemical atom, and the physicist his own 
al atom. The real reason has been that the physicist 
tirely neglected the chemist’s problems and the chemist 
sen guilty of neglecting the problems confronting the 
St * . . 

chemist is compelled to recognize two entirely different 
>f material; that is, the organic and the inorganic. The 
lar structure involved appears to be different for each 
) classes. 

electrical engineer, however, disregards both the chemist 
e physicist; he works upon “insulation” and pays no 
3 n as to whether it is organic or inorganic material. I 
! you go through the paper and pick out the discrepancies, 
I find one man talking about inorganic matter,—glass or 

V an( ^ ^e °^her man talking about oiled paper or other 
material. 

her point I want to bring out in the paper is the difficulty 
Lling empirical equations. For example, take the case of 
e-voltage curve, described on the third and fourth pages. 

1 Mai points out that the index of the time factor obtained 
£ and Montsinger is — 4. Mr. Farmer indicates that it 
o be — 7 instead of — 4. Now, we have found that you 
unge that index as you please, by merely changing the 
Is with which you .are impregnating the paper, or using 
ae impregnating material and changing the solid. In 
a empirical formula, therefore, one must be very careful 
y it only to those limited cases for whi<ffi it has been 
proved. 

Del Mar asserts that the dielectric strength-thickness 
for oil-impregnated paper is 0.72. It ought to be stated 
for mmeral-oil-impregnated linen paper. If you go to 
aper, it is something else. As a matter of fact, we have 
le to change the strength-thickness relation at will merely 
ging the type of material with which we are dealing. We 
ne from a value of 1 to an index point of^about 0.58, 
y changing the solid or the oil. That is brought out in a 
o which Mr. Del Mar refers as unpublished. It was 
d by Mr. Montsinger and myself in the General Electric 
n 1925. 

is one other point. It is mentioned that there are two 
of breakdown. I should like to add another. The 
cal effects leading to electrical breakdown have been 
neglected, except at the bottom of the column. I think 
extremely important, especially to the cable engineer 
ator. 

cite a case. In 1923 at Pittsfield in some of our ap- 
which had seen field service, we found considerable 
ration. The problem of the cause of this wax formation 
-ed over to our laboratory. The chemists attacked the 
.d m a short space of time came to rather definite con- 
regarding its origin,—conclusions which have been quite 

. E. E. Journal, October^ 1927, p. 1002. 


.widely accepted since that time. They claimed the wax was 
nothing but a polymerizing product produced by the action of 
corona on the oil. They concluded that the corona was first,* 
the wax being the result and not the cause. Nevertheless, we 
continued the work to determine the possible advantage occur¬ 
ring from the use of an oil which would, not wax easily under 
corona bombardment. We found that if we took oil which did 
not wax easily, or if we used air impregnated paper, and sub¬ 
jected either of them to corona, we got a mechanical shock and 
the paper disappeared. They told us it was the oxidizing action 
of ozone on the paper. However, we could not find carbon 
dioxide after or during the experiment. We repeated the 
experiment in a hydrogen atmosphere. If .we stopped the 
experiments halfway, “needle points” were noted, such as Osborn' 
described some time ago. Eventually, with a continued test, * 
the paper lost its structure and disappeared as a powder. 

Can an oil be produced which will not wax under corona 
bombardment/ This problem may not yet have beeff solved 
to the satisfaction of all.-* Perhaps such an oil may be eventually 
found, although its existence does not appear probable at present. 
However, suppose such an oil can be prepared, what wifi be the 
resu . We shall then have to consult the paper chemist in 
order to obtain a paper which will not disintegrate under corona. 

In the end, we may reach the surprising viewpoint that wax 
formation m cables is not our worst enemy after all. It at least 
gives-us a true indication of the condition of the cable before 
failure. I believe wax formation in cables will be well worth 
the trouble it has caused if it serves to focus attention on the fact 
that, to insure proper service, the cable must be not only properly 
treated at the factory but throughout its entire existence before 
and after installation must be handled in such a way as to prevent 
the formation of voids, gas pockets and “dry” spots. 

W. A. Del Mar: Mr. Clark’s discussion clearly shows the 
necessity of attacking the insulation problem in a broad com¬ 
prehensive way and of avoiding hasty generalizations. Since 
the preparation of our report, several papers on dielectric failure 
have appeared which, we are glad to note, support the main 
conclusions which we reached from the rather meager data 
previously available, such as the existence of two agencies of 
deterioration, neither of which is explained by the Wagner theory 
in its present forms, although a modified form of this theory may 
be expected to explain one of them. 

W. F. Davidson: I think that we can only again emphasize 
the points which Mr. Clark has brought out; the need for clearly 
understanding that about which we are talking, and following 
the thing through with attention to every minute detail. So 
many times after the work is all done we find some essential ' 
point that might easily have been secured during the progress 
of the work still lacking. Somebody starts out to study the 
pyroelectric theory of material, and when he gets through, he 
finds that the thing has acted in a disruptive way, and that 
evidence bearing on the disruptive failure is quite useless because 
it has been collected in such a haphazard way. 

__ * 

INSTRUMENTS AND MEASUREMENTS 1 

(Knowlton) 

Detroit, Mich., June 22 , 1927 
F. A. Brownell: I think it would be in order, at this time, to 
call the attention of the Instruments and Measurements Com¬ 
mittee to the fact that we have no standard calibratioif eurve for 
sphere-gaps at voltages over 500 kv. 

There seem to be two schools of thought regarding high- 
voltage measurements. One is that sphere-gaps are used to,, 
calibrate voltmeters and the other is that voltmeters are used 
to calibrate sphere-gaps. 

Due to the number of high-tension laboratories which we 
have in this country,- it would seem as if some action should ' 
be taken on this subject. 

I. A. I. E. E. Journal; October 1927, p. 1033. 
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J.T. Tykttcinen The 

ments and Measurements gives a \ ® y ements . Radio engi- 
' progress made in high-frequenej method has been 

neeS may be interested also to know that^a meth^ ^ q{ 

developed to determine the consta * simUitud e to 

models. The application of f P i le methods of predeter- 
radiating electrical systems leads P^ and radiatio n resis- 

nlining the capacity, indue > ptu .p 0 se a small model is 

tance of any form of ant™ ^ purp^^ ^ ^ 
made of the antenna with original antenna 

excitation of a model « benecessary for 

frequencies are used m resu i ts were obtained with a 

the original antenna. Satisfactory ^ ^ by short- 

model coefficient m » on + 0 60 megacycles. For 

* wave transmitters with a frequency^O^to ^ ,j“^ y be use{u i t0 

the design of elaborate antenna eon ^ reS ults of ealcu- 

predetermine the constan ' investigation was carried 

lations-by means of suchmodelu m« 0 f 

out at the Engineering ^"^hedt^ Bulletin No. 147. 
Illinois, Urbana and the resul P ^ Models .” Theappli- 
“Investigation of Antennae y directive characteristics of 
nation of models for geto^ No _ m on “Short-Wave 

Cri»^.hod S o,TW 

this work was given m Scwnie A J ' published in 

p. 468. An illoMMd •** * and Nov. 19, 

The Engineer , London, ^No . 

1926, p. 548-549. _ 


nMieTiviTY OF INSULATING 

the electrical hesistivity 

Detroit, Mich., June 24, 1927 
(Curtis) 

- - <?■* sar rafts 

tSSST fiZ** this J. ’ "SE2 

recognize and consider in are eo u 0 idal in nature 

consider that almost aU o si(mifioa nce of that type of 


a- hefore a reasonable conclusion can be drawn as to 
situation before a Reaper to use supervisory equipment em- 
whether or pot it ^ equipment using carrier current, 

ploying wires or s P g have made , the wires seem more 

From some studi 16 tQ about 2b mi., beyond that distance 

economica or is degign beeome s feasible. 

however, the carrie en0 . inee rs semns to he to put super- 

Th , »*■““ » ^.SSn transmission systonr. Thi.ii 
visory equipment o g ^ ould be recollected however, that the 
a splendid idea- ost essential during times of stress, 

supervisory equip always coincide with high-tension 

and such times w 1 pticT Following this idea further, 

transmission-eircu P Alabama Power Company instead 

it is gratifying to note that ^ angm j ss j on system , uses insulated 

of using its high- fo]iows . q general tbe practise of the 
ground wnes. Th t ^ B(jnd Railway Company 

SSSses a Sgle wire for the control and indication of eight 

jikSf(communicated after adjournment): A sys- 
L. H. JunKe. 1 . bi b frequencies superimposed 

tern of street-hg developed by the General 

upon the distohutior developmen t of high-frequency 
Electric C ^ a y uses a vacuum-tube oscillator for the 
control. This freau eney power. This oscillator has an 
generation of hlg ^ 100 watts and is coupled to the dis- 
output of approximately 00 regulators at the 

tribution feeders °n the ^hno^ g S tlie form of a switch- 

substation. Th imately 33 in. wide, 76 in. high and 

board panel and W capacitors used are small due to the 

15 'fl amount of eolol energy required and to the high fre- 
i sma ll amount ot ^ kilocycles. The coupling capaci- 

queney used which on eacb feeder over which control 

^ TeSr The oscillator can then be switched from feeder 
1S to be «“■*• *“ - d f ^ coupling capacitors by means 

to feeder on the lowside ot i i ^ the fmJueney is 

of low-voltage switching 9 P - enoe is avoided and 


1 


of low-Voltage switching is molded and 

esence of 1 voltage regulators between the oscillator and the 
the presence of voltage g iaWe amount of energy from 

station bus pr and i nsures a maximtim. amount of 

flowing toward This is a very economical 




recognize and consider in more detail tnmi we ^ aa ^ ure flowing toward the economical 

rSe^ri^r^y. small amounts of conhol 


«t is ^ is 

rSetrolytl of solid 

Dr. Curtis discuses the e ^^^^ apo ° V *Q I1 densati 0 n is cited 

insulators. The eff ® e , ^oxigh the author illustrates 

and its importance quartz and porcelain, 

? W 6 dnM b^overiooked that conductivity in fibrous materials 
it should related to the cases given. Our researches 

Sers or whether it be held within the fiber wall. 




USE OF HIGH-FREQUENCY CURRENTS FOR CONTROL 1 

(C. A. Boddie) 

Detroit; Mich., June 23,1927 
Chester Lichtenberfl: One thing that is disturbing to the 
designers, as well as the operators, is the high cost of the eqmp- 
“l' g t required for carrier-current supervisory control. At 
present the cost of wires is large, however, the terminal apparatus 
required for radio supervisory equipment is also large. It is 
SSore necessary to make a quite careful analysis of the 


"5= - - 

energy. fu A feeders where pole-type 

The receivers are located along the ictaerb w t 

that used for mounting lightn ng arKStors ^ 
a single vacuum tube for the detection a 

trol current. This tube is °P or ^ power f or the filament, 

life of approximately one year. Allot , P a ken from the 

grid and plate potentials of the vacuum tube is taken fro ^ 
secondary lines, no batteries or re< [ ’ tb ^ r _„ r00 f sheet-steel box 
whole receiver is enclosed m a w< L h re oeivingr tube operates 
arranged for mounting on a pole. . j turn operates a 

a d-c. relay in its plate circuit and this re y ^ ^itchm 
time-selector relay which controls tie I Tbe time- 

the primary of the constant-current ^^ttog circuit ona 
selector relay is so arranged that it closes tl & t S ^ ^ 
short impulse of control energy and opens the c * iy( 

impulse of control energy. The receivers are bmU to 
a suitable baud of frequencies and require no tuning 
adjustments after their installation. . „ s ^ re , 

This system of control has been instaltod m sem „ 
lighting in Schenectady and Rochester, • * ! 1 p 

N J., for about two years and has given very satisfactory 

formance. f] 

A. H. Kehoe (communicated after ad] ourum 

' the author mentions the control of mu ip © ing a pp] 

.... i j. i_, 4 ;^^ /aP f.ViA naner covenu-g r 




m 




A. I. E. E. Journal, August 1927, p. 763. 


the author mentions tue control oi 1 ' ftveri n« app 1 

high-frequency relays, the section of the pap 
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>f street-lighting control deals primarily with series lighting 
s. This is probably due to the fact that the multiple type 
et lamp has not been extensively used in the past except in 
large cities. As there are economical advantages to be 
by using this type, provided a satisfactory method of 
L exists, it should be emphasized that the principal dis- 
;age of the multiple type of lighting in the past has been 
faculty of control* In the future, comparisons of the 
^s. multiple systems for street-lighting applications should 
his development into consideration, as it extends the 
here multiple street lighting will prove to be the more 
lical of the two types of system. 

M. ^ Trueblood (communicated after adjournment): 
oddie s paper and other recent ones along similar lines 
o call our attention to the extent of the range of application 
carrier-frequency art. It was only about ten years ago 
3arrier-frequency telephone and telegraph circuits first 
ed in the Bell System. Since then we have seen, first, a 
.evelopment of carrier frequencies in commercial telephone 
legraphcircuits; second, the use of carrier frequencies 
osed on power transmission lines for the private com- 
ition services of power companies, and we now have the 
Lcement of working applications of carrier frequencies for 
purposes, a field which Mr. Boddie expects will be ex~ 
ly widened. 

laking note of these achievements we do so with the 
>tion any electrical engineer must feel in. the furthering of 
plications of electricity to the useful arts. We ought, 
r, to realize that the development and application of 
frequencies along these three lines and others which may 
>pear, need to be carried out with proper regard to the . 
[ties of interference. In the development of com- 
. carrier-frequency telephone and telegraph circuits, 
.ifferent systems are carried on the same pole line, engi- 
^ the Bell Telephone System have been made fully aware 
iffieulties of the interference problem, which appears here 
oss-induction problem more formidable than at voice 
3 ies. Methods which have been used to deal with it 
duded special attention to circuit balance, the suppression 
3arrier wave itself, the use of su single side band, the 
1 of appropriate poi^er levels, and a system of frequency 
>ns within the frequency range employed. No other 
J than these appear to be open to us for dealing with the 
of induction in commercial communication circuits 
rrier-frequency circuits as applied for control or corn- 
ion purposes in connection with power lines, and the 
ndamental of these methods at present is undoubtedly 
>y separation. In fact, unless carrier-frequency circuits 
nunication or control purposes in connection with power- 
operation can be made to approach commercial corn- 
ion circuits as regards balance and energy levels, I 
no means of avoiding interference in situations of close 
> other than frequency separation. 

is no serious situation at present as regards interference 
lercial carrier-frequency communication channels from 
aes, or any of the carrier-frequency applications used in 
on with power-system operation, so far as I know. I 
ihat those of us who are working in carrier-frequency 
aent in its various aspects should see that this fortunate 
l continues. It is of interest in this connection to 
the work of one of the project committees organized 
Le Joint Development and Research Subcommittee of 
±f *. Bell Telephone System which has been 

with, and is actively pursuing, a study of the problem 
erence in carrier-frequency channels. 

J&oddie: I fully agree with Mr. Dichtenberg when he 
at the application of high-frequency currents for control 
is at present limited considerably by the high cost of 
pment. It is only on relatively long distances that 


there is a sufficient saving to justify the use of high-frequency 
currents so far as first cost is concerned. A good deal of work is 
being done in an effort to reduce these costs and it is hoped that a 
considerable improvement can be effected. But it is not the 
matter of first cost alone which, is the chief consideration and 
stimulus to the use of high-frequency currents. It is rather the 
need of a mechanically more sturdy and more stable circuit than 
is attainable with telephone-line construction. It is this mechan¬ 
ical strength which can withstand sleet .and-storm and flood 
conditions inherent in power-line construction that offers the 
chief inducement to the use of high frequencies on such a line for 
communication and control. 

The type of control described by Mr. Junken using relatively 
high frequencies generated by vacuum tubes is referred to in 
the paper. This type as stated is not suited to the control of 
multiple street lights, because such high frequencies will not pass 
through transformers and because of the size and cost, of the 
individual receiving devices, each of which requires a vacuum 
tube and accessories. The system has a legitimate field of 
application for the remote control of regulating transformers for 
, series lighting, since for this application relatively few receiving 
devices are required and the size and cost per unit is not a 
serious objection. The control currents are not required to pass 
through transformers as in the case of multiple lighting, but are 
taken off the high-voltage feeder by means of special coupling 
condensers. 

I am glad Mr. Kehoe has emphasized the fact that the develop¬ 
ment of the system of control by the use of medium frequencies 
puts a new ^complexion on the problem of multiple vs. series 
street lighting. As he says the principal obstacle to the use of 
the multiple system has been the difficulty of control. In 
large cities the multiple system of distribution reaches every-® 
where. To supply street lights by the series system means 
system within a system; that is, “duplication.” The economic 
advantages of the multiple system which is universal for every¬ 
thing except street lighting may now be secured. The medium- 
frequency system of control was developed with special reference 
to the problem of controlling multiple street lights. Although 
as brought out in the paper it can be applied to the control of 
series lighting, its principal field of application is to multiple 
lighting. Perhaps this was not' brought out in the paper as 
clearly as it should be. 

With reference to Mr. Trueblood’s discussion on the subject 
of interference, I might state that so far as street-light control is 
concerned he will have little to fear. The development has not 
overlooked the question-of interference with existing telephone 
lines. In the first place, the system is worked out so that the 
control frequency is applied to the line only twice a day and this 
is only for a period of several seconds. One of these operating 
periods comes at a time when interference if there should be 
any, would be of little consequence. In the second place, the 
control currents are confined entirely to the metallic conductors 
of the power system and are not permitted to return by way of 
ground. In the several -installations which have been made 
there is no known interference with the telephone system, even 
that in the substation itself being immune. 

■■ ----,_s---:-__ ■ : 

A NON-ROTARY REGENERATIVE TELEGRAPH 

' REPEATER .* '-MM 

' ,■■■’■ \ ■ ; (Connery) 

Detroit, Mich., June 23, 1927 
W. C. Petermans . I should like to point out that a type of % 
rotary repeater differing from those shown in Figs. 1 , 2 and 3 
in Mr. Connery’s paper is shown in Fig. 2 of the paper by 
Herbert Angel 1 . v 

In the type of rotary shown by Mr. Angel, which has been 

'Printing Telegraphs on Nan-Loaded Ocean Cables, A. I. E..E. Summer 
Convention, Detroit, Mich., June 23,1927. f ] 

1. A. I. E. E. Journal, Sept. 1927, p. 933. 





Journal A. I. E. E 










DISCUSSION AT SUMMER CONVENTION 

% 


ay be either man-made, such as interference from 
r lines or other cable circuits, or from'* the duplex 
e cable itself; or they may be electrical disturbances 
Ltly natural sources of unknown origin, 
dty of receiving weak signals from distant radio 
stations when any considerable amount of static 
o matter how much amplification is available, is 
very one. In* fact, greater amplification does not 
'ter a certain point is reached; it only adds to the 
Ve have just about the same problem with receiving 
over a long cable. It thus becomes necessary to 
eatest possible amount of information, as it were, 
ceived impulse, since we cannot increase without 
iber of impulses transmitted per second. 

to emphasize, therefore, in the system described 
l, and shown in his Fig. 1, that only the impulses 
ae fundamental frequency must be received with 
ingth to be well above the interference level, al- 
3 getting the full amount of information out of the 
ismitted at the fundamental frequency which 
^heir very absence, because of greater attenuation, 

> be filled in automatically at the receiving end. 
bhe benefit of having to receive through the inter- 
the comparatively stronger signals of one-half the 
uency while getting the full message-carrying 
the highest frequency impulses. 

* I should like to say, in reply to the comments 
ery, that the excellent method for increasing the 
3s suggested by Mr. Gulstad in 1898, while quite 
operating comparatively short lengths of cable, 
n found practicable to apply to long cables. This 
it by Messrs. Judd and Davies, of England, in their 
of 1913,, in which, for the first time, a method was 
filling in attenuated impulses for a synchronous 
ig cables. The Western Union printing system 
the Gulstad vibrating method for filling in the 

Mr. Connery’s query about the increased speed 
peration, the output of 375 letters mentioned in 
uet output. 

Mr. Connery’s comment about the high-grade 
■ed for cable-printer operation, I should like to 
in getting the 375-letter output which is an in- 
ie output obtained with cable Morse code, the 
le double received impulses is even then less than 
fundamental, frequency when using cable Morse 
>re the received signaling impulses are larger and 
to stand any slightly greater balance disturbance. 
i been found by repeated check, that under these 
cable printer is as accurate as the cable Morse 


GNETIC WAVES GUIDED BY PARALLEL 

WIRES 1 

(Levin) 

Detroit, Michigan, June 23, 1927 
rson (communicated after adjournment): In 
l some tests planned to determine the inductive 
} higher frequencies between different wires of a 
llel wires, a theoretical study was made in June 
56, based on a paper by Professor Pleijel entitled 
Voltage Relations in a System of Parallel Con- 
•iven as reference No. 18 in Mr. Levin’s paper. 
Professor Pleijel gives a set of linear equations 
terminal currents and voltages of a multi-wire 
inderlying transmission theory, the ground is 
ire infinite conductivity. Mr. Levin states that 


gards their form, when the finite conductivity of the ground is 
taken into account. Such a demonstration is quite u nn ecessary; 
indeed, the fact that the equations maintain the same form ir¬ 
respective of any assumption regarding the ground conductivity, 
or any approximation introduced in the transmission theory, 
follows immediately from the general properties of an n- terminal 
network. The coefficients in Pleijel’s equations (given as 
eq. (20) in Levin’s paper) uniquely specify the system and hold 
for ^all possible terminal connections of the line wires. They 
offer, therefore, a means of determining the induction in systems 
of parallel conductors. In a limited number of cases, these 
coefficients may be calculated from the dimensions of the system. 
However, calculations being rather laborious, it is advantageous 
to resort to the experimental determinations of the coefficients; 

# a system of n conductors, n (2 n + 1) independent coeffi¬ 
cients will be necessary to define the system completely, but if 
the system is electrically symmetrical around its midpoint, this 
number of independent ^coefficients is reduced to n (n + 1). 
For instance, an unsymmetrieal three-phase system is determined 
by 3 (6 + 1) » 21 coefficients and a symmetrical three-phase 
system by 3 (3 + 1) = 12 coefficients. It is obvious that in 
the general case the determination of n (2 n -j- 1) coefficients will 
be required and hence, n (2 n -j- 1) measurements. 

Methods for experimental determination of the coefficients 
b in eq. (20) of Mr. Levin’s paper have been worked out. It 
can readily be shown that all the coefficients are obtainable 
from open- and short-circuit impedance measurements on the 
individual wires or on combinations of these wires. 

S. A. Le^bn: The validity of Pleijel’s equations for any 
finite value of earth conductivity, eq. (20), can be shown as done 
in the paper of reference (18) provided eqs. (13) and (15) are 
demonstrated for finite conductivity. According to Mr. Peter¬ 
son, the validity of Pleijel’s equations for any finite value of 
earth conductivity follows from the theory of an w-terminal 
network. It seems to me that the application of this theory to a 
system of parallel conductors also requires that eqs. (13) and (15) 
are demonstrated for finite conductivity.* This is the only 
demonstration attempted in my paper. I cannot see, therefore, 
that it contains any unnecessary demonstration whether Pleijel’s 
equations are obtained one way or the other. 


EXTRACTING OIL FROM COAL 

A German concern has recently stated that it has 
entered into an agreement with an American company 
covering patents relating to the processing of oil from 
coal. At the same time, the Minerals Division of the 
Department of Commerce made public a report from 
its Trade Commissioner at Berlin to the effect that 
imports of petroleum products into Germany are 
being received at a record rate. * 

One of the chief objectives in the development of 
oil-from-coal-processes in Germany is to obtain freedom 
from dependence on foreign sources for GermaTi 
petroleum, which is imported mostly from the United 
States. * 

Our Trade Commissioner pointed out that the volume 
of imports this year probably will exceed 1,500,000 
tons, and that the present rate is 300,000 tons annually * 
more than last year. It is estimated, he states, that 
only 100,000 tons of synthetic petroleum will be pro¬ 
duced by the hydrogenation of lignite in 1928, so that ' 
apparently the synthetic production will not take care 
of the natural increase in demand. 
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Chairman; 

Tuhnke, Chairman 

o u-uxu^, . ; p \ju Penaeil, v^nairmarti, jl runs- 

Banquet & En er am , Gfl mm Chairman; Printing 

P lTTt Tb Z^ cLLI; Student Convention, J. F. H. 
DoX Chairman; C. M. Jansky, Vice-Chairman; Finances, 

K A Auty, Chairman. 

The tentative program of the sessions is as follows though 
poSy there will he changes before the final program as de- 

cided upon. 

TENTATIVE PROGRAM OF CHICAGO REGIONAL MEETING 

November 28-30, 1927 
Monday, November 28 

Devoted to Branch Conferences and Student Technical Sessions. 

Tuesday, November 29, 9:15 a. m. 

Symposium on lSZ-Kv. Single-Conductor Lead-Covered Cable. 
a Introduction, Economics and Commercial Demand, P. 

Torehio, The New York Edison Company. 

' b. Theory, Design and Development, L. Emanueli, Societe 

Italiana Pirelli. ^ 

e. Manufacture, Inspection and Testing, W.S. Clark, General 

Electric Company. ' ■!; 

d. Installation, A. H. Kehoe, United Electric Light and 
Power Company; C. H. Shaw and J - B -N°e, 

New York Edison Company, and D. W. Roper, 
Commonwealth Edison Company. 

November 29, 2:00 p. m. 

Illinois Central Electric Operating Experience, W. M. Vanderslws, 
Illinois Central R. R. * . . 

Operating Experience with lU-Ton Storage-Battery Locomotive m 
V tZago Railroad- Terminals, Edward Taylor, General 
Electric Company. 

Operating Performance of Rectifiers, Caesar Antomono, icago, 
North Shore and Milwaukee R. R. 

Synchronous Motors for Steel-Mill Operation, W. T. Berkshire, 
General Electric Company. 

Wednesday, November 30, 9:15 a. m. 
m.. J Power System. E. C. Williams, Publie 
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132-Kv. Cables and Other Timely Subjects 
for Chicago Meeting, November 28-30 

A wide range of very timely subjects is on the technical pro- 
_ e„r. tbo TWonal Meeting which will be held m Chicago, 
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ri^^ixtJon, Del Monte, 
>t^xnber 13-16, 1927 

3-Poiiat, the Sixteenth Annual Pacific 
■BS-titxite held at Del Monte, Cali- 
' vas i-ighly successful. The social 
^at>l e to the 254 members and guests 

Gta.in.ed many high-grade papers on 
ellr discussion was interesting and 
30 *was * maintained between the 
seix^duled events. 

^ -Activities 

nade previously by Professor R. W. 
Committee on Student Activities, 
►invention Committee, the opening 
as a, luncheon meeting of Student 
rrtxen of the District, held on Tues- 
0 m. Each of the seven Branches 
ed T>y its Counselor or other faculty 
present. 

Btndent Branch Conference and a 
were held. During the latter, 18 
ed briefly and discussed. (A more 
(©tings will be found in the Student 
issue of the Journal), 

3C0E-X3SriCAL SESSION 

wa,s called to order promptly at 
tuBer 14th by Mr. P. M. Downing, 
>n Committee and retiring Viee- 
et. After welcoming the members 
- JO owning called upon Mr. D. I. 
Convention Committee, and Mr. 
fche Entertainment Committee, to 
Ling: the various features of the 
uced President Gherardi who pre- 
,© sossion. 

ssldout Gherardi mentioned briefly 
m-tion of the Institute, and eom- 
a present provisions for Districts, 
ring: Institute activities within a 
■ member in the United States 
isent organization of the Institute 
>©dLs of the country, but that the 
sponsive to any need of changes to 


igra.m was then presented: 
sph&Tze Toll Plant in Long-distance 
aberlin, The Pacific Telephone and 
ited "by the author.) 

PoZ£ dalls in and About Los Angeles , 
leelock, American Telephone and 
iherxi California Telephone Com- 
d 0. Wheeloek.) 

papers was presented by Messrs, 
n, JT* P. Jollyman, B. Gherardi, 

-Tier—Current Communication over 
©It?, General Electric Company. 

'iorby by A. S. Fitzgerald, General 
1 foy the author.) 
lison-ssed by Messrs. E. R. Stauf- 
•itbexi discussions by Messrs. Roy 
tvqtto received. 

oisr 'Technical Session 
b W*e dues day afternoon session to 
W" - ^Morrow, Managing Editor of 
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the Electrical World, who presided. The following papers were 
presented: # 

Relation Between Frequency and Spark-Over Voltage in a Sphere- 
ap Voltmeter, by L. E. Reukema, University of California. 

( resented by the author.) Discussion by Messrs. H. J. Ryan, 
R ‘i; C „ Wood >f- 0. McMillan, D. I. Cone, and L. E. Reukema. 

T a ^ P “ Ce , li char 9 e thai Surrounds a Conductor in Corona, by 
m b ‘ C i ar f 0 1 11 and J ■ T - Lusignan, Jr., Stanford University. 

L T US c g “ an ' ) Diseussion % Messrs. L. F. 
FuHer, H r Plumb, J. S. Carrol], L. W. W. Morrow, R. J. C. 
Wood, and J. T. Lusignan, Jr. * 

Electric Oscillations in the Double-Circuit Transmission Line, 

1 Q 9 fi 1 9 ° 7 Shl0 -x> Sat0h ’ J G f duate Student, Stanford University, 
1926- 2 7. (Presented by Dr. F. E. Terman.) Diseussion by 
Messrs. R. J. C. Wood, E. R. Stauffacher, R. E. Pierce, D. I. * 

F^TOTman P1Umb ’ J ' P ' Jollyman ' L - W - W. Morrow, and 

Thursday’s Technical Session 

M .j -f- Sehoolfield, Vice-President, North West District 
presided over the session on Thursday morning, and the following 
papers were presented: * s 

Transients Due to Short Circuits, by R. J. C. Wood and L. F. 
Hunt, Southern California Edison Company, and S. B. Griseom' 
Westmghouse Electric and Manufacturing Company (Pre¬ 
sented with slides by Mr. Wood.) P 7 ■ 

Equipment for SOO-Kv. Systems, by J. P. Jollyman, Pacific 
Gas and Electric Company. (Presented by the author.)' 
Discussion of the above two papers was contributed by Messrs 
« G t° rge ^ H ' Miohener - p - Garrett, A. W. Copley, E. r!' 
Stauffacher, R. J. C. Wood and J. P. Jollyman. Written dis¬ 
cussions by Messrs. S. Barfoed and Roy Wilkins were read. 

Static Stability Limits and the Intermediate Condenser Station 
R- "• E 7 ans and C. F. Wagner, Westinghouse Electric and 
Manufacturing Company. (Presented by Mr. Evans with 

demonstration by use of mechanical model.) 

Synchronous Condensers, by P. L. Alger, General Electric 
Company. (Presented with slides by the author.) 

The above two papers were discussed by Messrs. F. E. Terman 
A. W. Copley, R. D. Evans, and P. L. Alger. Written discus¬ 
sions by Messrs. R. H. Park and M. W. Smith were read 


Friday’s Technical Session 

Mr. E. R. Northmore, Vice-President, Pacific District, pre¬ 
sided at the closing session on Friday morning, and the following 
papers were presented: 

. Oscillographic Recording Apparatus for Transmission Lines, 
by J. W. Legg, Westinghouse Electric and Manufacturing 
Company. (Presented with slides and exhibition of equipment 
by the author.) Discussion by Messrs. A. W. Copley, R. D. 
Evans, and J. W. Legg. 

High-Voltage Oil Circuit Breakers for Transmission -Lines 
by Roy Wilkins and E. A. Crellin, Pacific Gas and Electric 
Company. (Presented by Mr. Crellin.) Discussion by Messrs 

L. C. Williams, R. J. C. Wood, F. C. Lindvall, R. W. Sorensen* 
E, K. Sadler, J. P. Jollyman, and E. A. Crellin. Written dis¬ 
cussions by Messrs. H. E. Strang, Hilliard, M. M. Samuels, 
W. 8. Edsall and Philip Sporn were read or abstracted,, 

Lightning Protection for Oil Storage Tanks and Reservoirs, by 
R. W. Sorensen, J. H. Hamilton, and C. D. Hayward, California 
Institute of Technology. (Presented by Professor Sorensen.) 

Lightning Protection for Oil Tanks, by E. R. Schaeffer, Johns- * 
Manville, Inc. (Presented with slides by the author.) 

The above two papers were discussed by Messrs. R. J. Reed, 

M. E. Dice, G. O. Wilson, S. S. McKeown, J. T. Lusignan, Jr.,* 
J. H. Hamilton, C. D. Hayward, R. W. SoreLsen, and E. r! 
Schaeffer. A written diseussion submitted by Colonel Wilcox 
was abstracted briefly.,,, 
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General Meeting 

* One of the most interesting features of the Convention w as the 
general meeting held Wednesday evening, presided over by 
Mr. P. M. Downing* 

In an address entitled Electrical Communication, Mr. Bancroft 
Gherardi, Vice-President and Chief Engineer, American Tele¬ 
phone and Telegraph Company, and President of the Institute, 
traced in a most interesting ar d instructive manner early develop¬ 
ments in communication, and then gave brief accounts of*the 
development of trans-continental telephony and trans-Atlantic 
radio-telephony. 

Dr. Harris J. Ryan, Professor of Electrical Engineering, 
Stanford University, and Past-President of the Institute, 
delivered an address entitled Possibilities of Future Electrical 
Development. He discussed briefly the most important recent 
developments in electricity and related fields, and then predicted 
future* developments in precise measurements by means of 
cathode rays, use of measuring facilities in applying X-rays, 
use of energy from the sun, prediction of location and intensity of 
earthquakes, protection of life and property from lightning, use of 
electricity in agriculture and transportation, power transmission, 
radio broadcasting, carrier-current control systems, navigation, 
etc. 

These two addresses held the attention of the large audience of 
members and guests, and were deeply appreciated by all present, 
as they were delivered in such a manner as to be interesting to 
the ladies as well as to men with extended technical training. 

Entertainment Features * 

The principal social event of the Convention w r as the banquet 
held on Thursday evening. Music was supplied by a Hotel 
orchestra, and several Institute members under the leadership 
of Mr. J. 8. Thompson, President of the Pacific Electric Manu¬ 
facturing Company, provided entertainment which was en¬ 
joyed by all present. Ties which had resulted in the golf tourna¬ 
ment. held on Thursday afternoon, in the competition for the 
low net, low gross, and kickers’ handicap prizes were decided by 
putting contests conducted by Mr. W. B. Sawyer in the dining 
room during the banquet. The following golf prizes were then 
presented: 

John B. Fiskeneup, C. E. Heath. 

Low Gross, Class A, two wooden clubs, G. B. Luther. - 
%m r Gross, €%a® B, duffle bag, C. E. Heath. 

" 1 lm Net, Glass A, golf bag, W. D. 'Scott. 

Low Net, Class B, set of six matched irons, L. M. Kilgore. 
Kickers’ handicap, first prize, leather golf coat, R. F. Monges. 
Second prat, sweater and hose, A. G. Jones. 

1 following prizes were presented to the winners of the ladies’ 

putting contest which was held Thursday afternoon: 

First prize, sweater, Mrs. W. D. Scott. 

Second prize, stockings, Mrs. J. C. HenHe. 

GCtutr entertainment events provided were women’s bridge 
tea M Pebble Beach Lodge on Tuesday afternoon, 17-mile 
drive on Thursday afternoon, and dancing Tuesday and Thurs¬ 
day evenings. 

A ^ number^of excellent after-convention inspection trips to 
points of engi-neeniig interest were available, among which the 
foItawtaQr were suggested: 220 Kv. developments of Pacific Gas 
ted Electric Company and Southern California Edison Companv 
Kings River Development of the San Joaquin Light and Power 
Coloration, ^ substations supplying the San Francisco Bay 
dwfefet. Radio Corporation of America transmitting station at 
Federal Telegraph Company factory at Palo Alto 
Telephone Building at San Francisco, and the Harris J. Ryan 
High Voltage laboratory at Stanford University. 

At the close of the technical session on Friday morning a 
motion was adopted expressing the sincere thanks of those present 
for the work of the Convention Committees which had made 


possible the fine success of the Convention. The personnel of 
the Convention Committees was as follows: 

Convention Committees 
P. M. Downing, general chairman. 

D. 1. Cone, vice-chairman. 

A. G. Jones, secretary. * 

Papers Committee 

D. I. Cone, chairman, S. J. Lisberger, Paul Lebenbaum, 
W. C. Heston. 

Publicity Committee 

G. H. Hagar, chairman, G. Ross Henninger. 
Entertainment Committee 

E. A. Crellin, chairman, W. P. L’Hommedieu, W. B. Sawyer, 
A. V. Thompson, J. S. Thompson. 

Registration and Transportation Committee 
W. L. Winter, chairman, M. S. Barnes, P. B. Garrett, 

C. F. Benham, A. J. Swank, B. D. Dexter. 
Arrangements Committee 

W. R. Van Bokkelen, chairman, J. M. Buswell, A* M. Bohnert. 


Future Section Meetings 

Cleveland 

An Engineering Yardstick Applied to Residence Lighting 
Equipment, by Ward Harrison, Director of Illuminating Engi¬ 
neering, National Lamp Works. Joint meeting with Illuminating 
Engineering Society at Nela School of Lighting, Nela Park, 
Cleveland. October 27. 

Automatic Train Control, by Frank F. Fowle, Consulting 
Engineer. The meeting will be held in the Electric Rooms, 
Hotel Statler, at 8:00 p. m., November 17. 

Pittsfield 

To the North Pole and Back Again . by Floyd Bennett. 
November 1. 

Steam Power Plants, by F. S. Codings. November 15. 

New York 

Radio Broadcasting, -by M* H. Aylesworth, President, National 
Broadcasting Co., and * 

Radio Broadcasting as a Public Service, by Admiral W. H. 
Bullard, Chairman, Federal Radio Commission. October 14. 

Talk by Senatore Marconi. Joint meeting with Institute of 
Radio Engineers. October 17. 

Predicting the Future for New York , by Bancroft Gherardi, 
National President, A. I. E. E.; R. H. Shreve, Shreve and Lamb, 
and President, New York Building Congress; C. E. Smith, 
Consulting Engineer; L. S. Miller, President, New York, West¬ 
chester & Boston Ry. Co.; James S. MeCulloh, President, New 
York Telephone Co., and John W. Lieb, Vice-President and 
General Manager, New York Edison Co. November 4. 

(See further announcement following.) 


New York Section Meetings Planned 

Beginning with the October 14th meeting, which has scheduled 
for its program the subject of Radio Broadcasting, with the 
eminent speakers, M. H. Aylesworth, president of the National 
Broadcasting Company and Admiral W. H. G. Bullard, Chair¬ 
man of the Federal Radio Corporation, the forthcoming meetings 
of the New York Section of the A. I. E. E. will be of no small 
importance and interest to scientific development. On October 
17th, there will be a joint meeting with the Institute of Radio 
Engineers at which Senatore Marconi himself will be the speaker, 
the subject to be subsequently announced. This will be followed 
on November 4th by a meeting “predicting the future of New 
York, addressed by President Gherardi, on The Probable Growth 
of New York City; R. H. Shreve, President of the New York 
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Building Congress on Architectural Requirements and Building 
Service; C. E. Smith, Consulting Engineer, on Urban Transporta¬ 
tion; L. S. MiUer, President of the New York, Westchester & 
Boston By. Co. on Suburban Transportation; James S. MeCuUoh 
President of the New York Telephone Company on Telephone- 
Service; and John W. Lieb, President and General Manager of 
the New York Edison Company on Light and Power Service 
The December 2nd meeting wiU have for its subject Research and 
Research Men, with Dr. W. K. Whitney, Director of the General 
Electric Research Laboratory and C. F. Kettering, General 
Director of the General Motors Besearch Laboratory as speakers. 
On January 13th, Alex Dow, President of the Detroit Edison 
Company will discuss matters concerning Utility Interconnections 
and Past-President Farley Osgood will address the meeting on 
Interconneclions of New York-Philaddphia Territory. The dates 
of February 13 to 17 will be occupied by the activities of the 
Winter Convention of the Institute, followed on March 22nd 
by a meeting of the New York Section with the subject of 
Lightning and Lightning Protection , addressed by F. W. Peek, Jr 

International Radio Convention in October 

. T , he “Station of the United States Government to participate 
in the International Radio Telegraph Conference has been ac¬ 
cepted by 50 of the 57 companies which have been invited The 
conference will be held in Washington beginning October 4 
according to an announcement issued Sept. 13 from the head¬ 
quarters of the conference which have been established under 
the joint auspices of the Departments of State and Contmerce. 

It is planned to bring up to date the international treaty agree¬ 
ment covering the use of radio. s 

The importance of this Conference has been repeatedly 
pointed out by the Secretary of Commerce, Herbert Hoover 

President 6 ^ ° f ^ Amencan deIe g ati °n appointed by the 
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* Consutative Int. Tel. & Tel., it was agreed to recommend the 
formation of a coordinating committee to meet at infrequent 
intervals to coordinate data and prevent overlapping of effort* 
the I. E. C. to function as a plearing house, since all of these 
bodies recognize the I. E. C. as the authoritative body for inter¬ 
national electrical standardization. At a meeting presided 
over by A. F. Enstrom, of Sweden, the international standardi¬ 
zation movement was informally discussed. A meeting of the 
Committee of Seven may be held in London the end of November 
, 7, su< m meeting being made necessary by the illness and resig¬ 
nation of Sir Archibald Denny. No further action in this 
matter will be required, however, on the part of the I E C 
A n f V I :_ E - C - Advisory Committee was formed as follows- 
Electrical Installations on Shipboard Secretariat, Great Britain 
Other secretariats were assigned as follows: Italy Voltages’. 
France, Traction Equipment ; Great Britain, Eating of Electrical 
Machinery. The United States was asked to subdivide the work 
of the Committee on Prime Movers into Thermal and ifydraulie 
A large number of ladies was present at the official dinner to 

the delegates given by the Italian Committee, at which addresses 

were delivered by Prof. L. Lombardi, Dr. A. E. Kennedy, Mr 
John Murphy, Dr. Tiwey, of Australia, Mrs. C. H. Sharp and 
Madam Guido Semenza. P and 


The I. E. C. Conference at Bellagio 

howVf T 3 , le , Tntemati0na] Eleetrotee bnieal Commission 
r. C • J at BeUa S 10 ’ ItaI y. wa s opened September 4 by President 
Guido Semenza, followed by addresses by Prof. L. Lombardi 
President of the Italian Gommittee, the Mayor of Bellagio, and 
representatives of two Italian ministries. Twenty-one countries 
were represented by 250 delegates, twenty-one.of whom were 
Americans. There were 13 committees; three, headed by 
Amencan delegates, on Nomenclature, Bating of Rivers and 
Prune Movers. C H Sharp, .C. E. Skinner and John Murphy 
(of Canada) were designated chairmen of committee sessions 
fTf P ,? 6r ! 011 P rime movers and switch rating were pre¬ 
sented on Monday, Sept. 5. The Committee on Electric Meters 
completed its work and recommended the further study of 
problems relating to meter accuracy, insulation tests, and sizes 
but no definite action was taken regarding the matter. The 
meeting of the Committee on Rating of Electrical Machinery 

. ,. arg ^ y , amended but no conclusions were reached. In- 
^latmg Oils, Voltages, and International Vocabulary Com- 
mittees held interesting discussions. 

The Conference completed sessions Sept. 12, the Americans 

Commit a ? USt n° f Beni T in FrankIin t0 the Italian National 
Committee at a banquet held Sept. 10. The Advisory Com¬ 
mittees completed their work and submitted reports to the Com- 
mittee of Action which were finally acted upon at a plenary 
meetmg heid at Rome Sept. 22. The Committee of Action met 
Sept. 12 and elected Prof. C. Feldmann, of Delft, Holland 
Resident; Lt.-Col. K. Edgeumbe, Honorary Secretary; Guido 

fST*’ f 0110 ^ Si r Richard Glazebrook, Gen¬ 

eral Secretary, resigned. The next meeting will be held at 
StocHioim m 1930. At a meeting of the officers of the I. E C* 
Power hlnion Producers and Distributors, World 

Conference, International Tramway Union, Comite 


International Commission on Illumina¬ 
tion Also Meets at BeUagio 

“ te ^ tl0nal Conmiission on Illumination met at BeUagio 
57 l September 3. Ten countries were represented^ 
67 delegates of which seven were Americans. There were ten 

Headr S ht and W rt r fiV6 T PaPerS 0n tbe aub -i eots Automobile 
Headhghtmg, Factory Lighting, Photometric Methods and 

International Definitions. Nine new technical committees 
were formed including those to discuss Diffusing Gla“ware 
Signal Lenses, Daylight Motion Picture, Street Lighting and 
Glare Research. Dr. Hyde, President since 1921, resigned, and 
C. C. Patterson, Director Research Laboratory at Wembley 
England was appointed to succeed him. The next 
will be held, United States, September 1928. g 

A 23-Day Midwinter Cruise 

Our sister society, the American Institute of Mining and 
Metallurgies Engineers is arranging for a midwinter cruise in 
ladies, leaving New York on January 25, 1928 on the 
28,000-ton steamship Lapland and returning Februarv 19 
after visiting Havana, Kingston, the Panama Canal, Curacao’ 
with a side trip to the oil fields of Venezuela, Puerto CabeUo’ 
La Guayra and Bermuda. The cruise is specifically under the 
auspices of the Petroleum Division, but it may be found possible 
• t0 f er /°“ e f L E- E - mem bers opportunity to participate 
m n tl ? 1S „ deIlgh ^ 23 ' day midwinter cruise, (the cost of which 
will be from $250 up, according to accommodations desired) 
Anyone interested will immediately notify Dr. H. Foster Bain 

Sr/.* 1 ' <* -d 

Engineers, since, m the event of its being found possible to 
to C b 6 e P eiiolied^^ ° tllerS ’ tte first to register ^ be the first 


Annual Convention of Illuminating 
Engineers * 

The twenty-first annual convention of the Illuminating 
Engineers, to be held in Chicago October 11-14, inclusive will be 
replete with features of. scientific, commercial and practical 
interest John F. Gilchrist, vice-president of the Commonwealth 
Edison Company, will give the address of welcome and there will 
be many Institute members represented on the program following. 
H - Professor of Electrical Engineering at the Uffi- 

versity of Michigan, will deliver his president’s address upon 
the morning of the opening day; Mr. Preston 8. Miller 
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report on his committee’s work for the year on street lighting 
and, directed by G. H. Sticknev, there will be a symposium on 
# office lighting. Photometry and the photoelectric cell will be 
ably discussed as will also the lighting of railroad yards, 
airports and airways. Abundant provision will be made tor 
the entertainment of visiting ladies. 

Conference on Engineering Materials 

Prom October 22 to November 13, a conference on engineering 
materials will be held in Berlin. The sponsors of this convention 
are the scientific engineering associations of Germany and the 
program will include approximately 200 papers delivered by both 
scientists and practical engineers. The papers will be given at 
the Technical University of Charlottenburg, while an exhibit ot 
engineering materials will be arranged in the Neue Ausstellung- 
on the Kaiserdamm. Three distinct groups of engineering 
materials will be displayed; iron and steel, non-ferrous metals, and 
electrical insulation. Much of interest, to the electrical profes¬ 
sion wifi be included in the program of this convention. 

.Some Salient Facts About the National 
Safety Council 

The National Safety Council, which held its sixteenth 
annual convention in Chicago, Sept. 26-30, is a non-profit making, 
non-partisan organization, whose purpose is the promotion of 
safety, sanitation and health in the industrial, public and home 
life of the American people. It is financed by its members, 
4368 corporations, companies, partnerships, pubjje officials, 
educators, organizations and individuals interested in the con¬ 
servation of life, limb and property. It is the parent body of 
some sixtv affiliated community safety councils scattered 
throughout the nation. Its officers and 1000 committeemen 
serve without financial compensation, meeting regularly to 
determine its policies and program. The organization serves as 
a national clearing house of accident prevention information, 
maintaining its headquarters at 108 E. Ohio St., Chicago, where 
a staff of more than 78 employees devote all of their time to 
safety work. 

The first safety congress was held at Milwaukee, 1912, and a 
formal organization meeting was held in New York City in 1913, 
when the body was originally started as the National Council for 
Industrial Safety, a name which was changed inasmuch as the 
scope of the council broadened to include safety on the streets 
and highways, in other public places, at home, on the sea and 
in the air. 

The first president was Robert W. Campbell, attorney for the 
Illinois Steel Company, a son-in-law of the late Judge E. H. 
Gary, who was one of the early safety leaders. 

The first secretary was William H. Cameron, who is still with 
the organization, now serving as managing director. It was 
Mr Cameron who opened an office with only a handful of mem¬ 
bers as.d a few- hundred dollars in cash. Last year the council 
spent more than $600,000 in its perpetual safety campaign and 
its affiliated units expended a similar amount. 

The first congress held in Chicago was in 1914. 

bt is the contention of the council that practically all accidents, 
irrespective of where they occur, can be prevented through in¬ 
telligent, organized safety work. 

Industrial Bodies Join the A. E. S. C. 

The Portland Cement Association and the American Gear 
Manufacturers Association have become members of the Ameri¬ 
can Engineering Standards Committee, with direct representa¬ 
tion on the Main and Executive Committees. F. W. Kelley, 
(Associate of the Institute since 1905), President of the North 
American Cement Association, represents the Association as a 
member of the A. E. S. C. Executive Committee. 

A sectional committee is to be organized for the preparation 
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of national specifications for mercury are rectifiers, which 
work will include definitions, service conditions, load limitations, 
power factor, heating, short-circuit limitations, dielectric tests, 
insulation resistance, voltage regulation, efficiency and rating. 
It is undertaken as the result of requests of the American Railway 
Association and the American Institute of Electrical Engineers, 
the latter serving as sponsor for the sectional committee. 

Standard values for the electrical and related constants of 
hard drawn aluminum conductors have recently been approved 
by the A. E. S. C. The standard was drawn up by a sectional 
committee under the sponsorship of the Institute, the subject 
being one which has been considered by the International 
Electrotechnical Commission as a basis of international agree¬ 
ment along the lines of the well-known * ‘copper standards. 
The American standard for the conductivity of aluminum is 
appreciably higher than used in some of the foreign countries. 

The following matters have been referred by the A. E. b. C. 
to its Electrical Advisory Committee for investigation and recom¬ 
mendations: 1. Rotating Machinery Standards. 2. Safety 
Code for Electrical Power Control—the subcommittee suggest¬ 
ing (a) That the A. E. S. C. request the sectional committees to 
provision five standards fdr the Electrical Safety Conference 
relating to such installation features as are acceptable and not 
already incorporated in the respective codes, (b) That the 
A E S. C. request the Underwriters Laboratories to give due 
consideration to each of these five standards with a view to 
incorporating in the Electrical Safety Code such as are appro¬ 
priate to new standards of Underwriters Laboratories, (c) That 
the A. E. S. C. be instructed to advise the American Institute of 
Electrical Engineers and the National Electrical Manufacturers 
Association of the desirability of keeping in mind these particular 
standards of the Conference. 3. The approval of Rating 
Paragraphs of the A. I. E. E. standard No. 9 on Induc¬ 
tion Motors and Induction Machines in General. 4. Electric 
Arc and Resistance Welding Apparatus, and the question of 
sponsorship for standards on these subjects. 

The Electrical Advisory Committee is composed at present 
of two representatives each of the American Institute of Electrical 
Engineers, the Electric Light and Power group and the National 
Electric Manufacturers Association; and one representative 
each of the American Electric Railway Association, the American 
Railway Association, the American Society for Testing Materials, 
the Fire Protection group, the U. S. Bureau of Standards, the 
U. S. Navy Department and the U. S. War Department. 

Provision has been made for including other industrial or 
technical organizations desiring representation. 

jMiHitiiiiniiiinBi.i.iiiHmnuii.uiiifminmiuiHmfiiiniiiniiiio'H'HiiuiiiiHiiiim^KKHMiiiiiiiiiiiMiiii... 

ENGINEERING FOUNDATION 

ENGINEERING RESEARCH 

The word “research” is in danger of becoming an invidious 
term. At one extreme, it is being cheapened, like the word 
“engineer,” by use as an artificial stimulant of unworthy causes— 
a too-common abuse nowadays in the exploitation of high- 
sounding words by self-seeking interests. At the other extreme, 
there is danger of what might be called research snobbery— 
a pose assumed by pedantic formalists who assert that only their 
kind of research is “pure.” No less an authority than the 
president of Columbia University has stated that the word 
“research” is being used to cover a multitude of sins. He 
referred to members of a university who go through pretentious 
motions and glean little pepperkernels of insignificant fact in 
order to make much to-do over trivialities. 

Some professors of chemistry or biology throughout the coun¬ 
try would deny that there is such a thing as “engineering re¬ 
search.” These pure scientists cherish a false pride of caste 
and an almost religious prejudice against anything associated 
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with that they call “trade.” To them, so gross and commercial 
an application as engineering could never be associated with so 
sacred a word as ‘/research.” Their convictions are so closely 
wrapped up ykh self-aggrandizement and what the preacher 
caUs vamte^f vanities” that there is not much hope that they 
will broaden their views until the sense of the ridiculous over¬ 
takes them. Happily, *but few scientists continue to harbor 
such convictions. Cooperation between scientists and engineers 
has become intimate and mutually helpful. 

Engineering research has fairly well crystallized out as a 
legitimate and meritorious activity. *It has passed through its 
period of adolescence and nose-to-the-grindstone, and is now on a 
scientific and objective basis. Mercenary considerations have 
been mellowed by altruism and a professional spirit-much as is 
medical research, for a concrete analogy An engineer experi¬ 
menting scientifically in a research laboratory on the properties 
of metals is just as truly serving mankind and alleviating its 
problems as any bacteriologist in the Rockefeller Institute and 
is just as truly disclosing laws of nature as any professor of 

chemistry who applies Gibbs’ phase-rule to an untried combina- 
tion of elements. 

Mueh engineering research is done'of course, for commercial 
profit, more or less directly. A corporation such as the General 
Electric Company cannot afford to engage a Langmuir or a 
Steinmetz unless there is some indirect advantage in prospect. 
But an increasing number of industrial corporations are taking a 
long, broad view of what constitutes profit. Still more detached 

"wSZJ ” rk sueh ““ “» 

This Foundation was the creation of Ambrose Swasey 
eminent engineer, telescope builder and machine-tool maker of 

ald of friends engineering societies. 

Havmg^gained a fortune in engineering, Mr. Swasey determined 
to benefit his profession in a lasting and idealistic way. Instead 
of’establishing a foundation which would bear his name but to 
which contributions of other philanthropists would be un- 
attracted, he devised the happier plan of placing funds in charge 
of the four founder engineering societies in order to encourage 
and elevate engineering research of a kind not otherwise likely 
to be earned on. This generous gift to establish the Engineer- 
mg Foundation was intends as the beginning of a trust for the ' 
country s engineering eommunity-a trust which would grow 
o great size by additions from other persons interested in, or ] 

profiting by, engineering. And who does not profit bv 
engineering? y 

P* B. McDonald. 


A New Pamphlet on the Testing of 
Insulation Materials 

' ,■-ST AmeriC r Society for T e s «ng Materials has recently 

• , a speclaI reprirLt Pamphlet covering methods for testing 
Dren^ g h m r' terialS ' T1US pampHet covers ah such methods 
committe 7 °Tf 6e D " 9, aS WeU as tlle annual report of the 
LiJk wT r reS ?i n r? d at the June meeti ng of the Society, French 
mm' ’i?L? t0 ^andardsand Tentative Standards 

descrintion of tfi 6 ?* S * ncluded as an appendix to the report a 
0f late st method of making the life test of trans- 

avafiable 1 f S pampMet eontains 130 pages, and is now 

80 cents- jo^o^ 11 *. 1031 at the followin g rates: 1 to 9 copies, 
Address A °- 4 eppies > 70 cents; 25 copies and over, 65 cents. 

for TeMin2 1315 spra “ 

Overhead Systems Reference Book 

™ ^v\°7f head Systems Reference Book of 1927 has been 

;£££ * f N&ti i Ual EleCtriC Association al wS 

Committee of rh^AsT?- ^“^tee of the Overhead Systems 
ommittee of the National Engineering Section of that associa- 


al tion This work is successor to the handbook on overhead line 

L nrefiir/r publisbed in 1914 - As stated in the ■ 

J vnf ’ a PUrP0Se 0f this refereBee book is to present in one 
v nrinrinl & dese f pt , lon of tlle apparatus, material, methods and 
f ZZ f mV0lved “ overhead line construction and the tabu- 

- lation of necessary formulas for the electric and mechanical 
»r solution of various transmission and distribution problems. 

The book is issued as engineering information and is not' to 
a to 1 "1 a , book of rules and regulations nor an attempt 

s method! ? r speelfleati °us to govern construction 

a methods The formulas and data presented have been taken 
from authoritative sources and it is believed they will prove a 
e valuable aid m the solution of specific problems. 

S inf 6 c ° nte uts include an extensive list of definitions and general 

- information and the following,chapters: Wood Poles, Preserve- ' 

- U , T ^ eatm ® nt and Concrete Poles; Steel Poles, Towers and 
: J UJSt f 10n Structures; Properties of Materials; Insulators- 
! Transformers and Regulators; Protective Apparatus; Street 

Lighting; Electrical Calculations; Mechanical Calculations of 

- Transmission and Distribution Lines; Methods of Construction 

for Low and Medium Voltage Lines; Meteorological Data, Tree 
Trimming and General Safety Suggestions. * 

The book is highly illustrated and contains a comprehensive 

Shrilterf 8A b J 11 “w 3 in size > bound in flexible leather 
• f tb g . t . edge . s and funded comers and contains a wealth of 
information which otherwise would be available only by consult¬ 
ing scattered literature through a great number of publications. 

New.BulIetin to be Issued by U. S. 

Forest Service 

The United States Forest Service has in press a bulletin entitled 
Forests and, Water in the Light of Scientific Investigation, which 
contains a summary and review of the world’s scientific liter*, 
ure on the subj'eet of the influence of forests on climate, stream- 
flow, floods, and erosion,” and “a very extensive bibliography on 
these subjects.” The contents of this bulletin, which is approxi- 
mately 7° pages m length, were published several years ago as 
part of the Final Report of the National Waterways Commission 
a ? d , ar ® n ° W beiDg made available in convenient form as a result 
ot the demand for information on flood control problems. 

Copies of the bulletin may be secured by addressing the 
Forest Service, Washington, D. C. 

The Industrial Transition in Japan 

Maurice Holland, Director of the Division of Engineering and 
Industrial Research of the National Research Council, has just 
brought out a small edition de luxe giving in condense form a 
report of his investigation of the industrial situation in Japan 
while attending the Pan Pacific Science Congress as a representa¬ 
tive of the United States Government, the National Research 
Council, and other national bodies. The book is of pocket size, 
and eontains 52 pages of printed matter descriptive of ^>eari 
culture; Japanese fisheries, Japanese industrial research, civil 
aviation in Japan, the silk industry, general impressions and con¬ 
clusions and an industrial map of Japan in interesting though 
concise form. Mr. Holland’s work is sponsored by the JapaSi 
Society as well as the Research Council. The book is available 
through the publishers, the Federal Printing Company, New 


Addresses Wanted 

A list of members whose mail has been returned by the postal 
authorities is given below, together with the addresses as they 
now appear on the Institute records. Any member knowing the 
present address of any of these members is requested to communi¬ 
cate with the Secretary at 33 West 39th St., New York, N. Y. 

All members are urged to notify the Institute Headquarters 
promptly of any changes in mailing or business address, thus 
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relieving the member of needless annoyance, assuring the prompt 
• delivery of Insitute mai], accuracy of our mailing records, and 
the elimination of unnecessary expense for postage and clerical 
work. 


Frank Green, 984 Charles River Rd., Cambridge, Mass. 
Raymond W. Klotz, Cutler Hammer Mfg. Co., Milwaukee, Wis. 
F. W. Molitor, General Delivery, Los Angeles, Calif. 

Richard T. Quass, 610 Cornell St., Perth Amboy, N. J. 

Thomas Sheehan, 2126 Vyse Ave. at 181st. St., New York, N. Y. 
E. R. Shepard, 5522 Conneticut Ave., Washington, D. C. 

Joseph F. Smith, The L. E. Myers Co., Chicago, 111. 

Richard A. Towers, 455 Lafayette Place, Culver City, Calif, 

P. A. Bertrand, Grays Harbor Ry. & Lt. Co., Aberdeen, Wash. 
Hiram Stanley Fox, 33 Gordon Ave., Atlanta, Ga. 

George A. Grimm, 3501 S. Crawford Ave., Chicago, Ill. 

Geo. J. Hollander, 547 S. Main St., Torrington, Conn. 

Perry*L. Jewett, 5th & Washington Sts., Santa Rosa, Calif. 
Charles W. Magee, 72 Humphrey Ave., Bayonne, N. J. 

Arne S. Mossige, 757 57th Si, Brooklyn, N. Y. 

Victor W. Sparr, 8830 Railroad Ave., Corona, N. Y. 


PERSONAL MENTION 
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W. E. North is now with the Volunteer Portland Cement Co. 
in the capacity of mechanical and electrical'engineer for the 
building of its new Cement Plant at Knoxville, Term. 

J. M. Hipple, who was manager of the Westinghouse Electric 
& Mfg. Company’s Motor Engineering Departmeift takes charge 
as works manager with the promotion of Mr. Wilson. 

J. B, Bassett of the New York office of the General Electric 
Company has been named Executive Engineer of its New York 
District. 

T. F. Barton of the Central Station Engineering Department 
of the General Electric Company at Schenectady, has been 
made engineer of the New York District, with headquarters 
at 120 Broadway, New York. 

R. L. Wilson until recently works manager of the East 
Pittsburgh Works of the Westinghouse Electric & Manufac¬ 
turing Company is now assistant to the vice-president and general 
manager. 

Alfred Alsaker, chief engineer of the Delta-Star Electric 
Company, Chicago, Ill., sailed September 11 for a six-weeks’ 
visit to Norway, France, and Italy, to investigate the high- 
voltage developments on the Continent. 

H. Z angler, electrical engineer of the Burma Oil Company 
is now engineer and superintendent of the Tropical Oil Co. at 
its El Centre (Columbia) field, which has been in existence only 
a few years. He will remain in this service for two years. 

E. A. Thorn-well has been appointed Representative of 
the Corning Glass Works, with headquarters in the Candlqr 
Building, Atlanta, Ga., to handle only the sales of Pyrex 
Power Insulators in the States of Georgia, Florida and Tennessee. 

George N. Brown, formerly vice-president and sales manager 
of the Pittsburgh Transformer Company, has joined the Ohio 
Brass Company as Manager High Tension Sales. Until the 
World War Mr. Brown was with the New York State Railways. 

Robert A. Millikan, executive head of the California 
Institute of Technology, Pasadena, Calif., and Director of the 
Norman Bridge Laboratory, on September 6, 1927 received the 
honorary degree of Doctor of Science from Leeds University, 
Leeds, England. 

James R. Werth, is now head of the Power Bureau of the 
Florida Power & Light of Miami. Major Werth previously 
served in the Construction Division of the Army and with the 
H. M. Byllesby and the American Gas & Electric properties. 

Doraf W. Blakeslee, for the past eight years electrical 
engineer of the Jones &, Laughlin Steel Corporation, Pittsburgh 
Pa., is now illuminating engineer for the Pittsburgh Reflector 




\,T 





Co. Capt. Blakeslee has had 17 years’ experience with civil, 
mechanical* and electrical experience. 

J. M. Oliver, formerly operating engineer of the Alabama 
Power Company, has become operating manager of the Georgia 
Power Company, taking over the work previously handled by 
Mr. Bennett. Before becoming operating engineer Mr. Oliver 
served in almost every department of tliat company. 

R. H. Goodwillie, manager of the Otis Elevator Company, 
Yonkers, was elected treasurer of the National Electric Manu¬ 
facturers Association by the Executive Committee. Mr. 
Goodwillie succeeds J. W. Perry, who has resigned from active 
business. 

Carl E. Johnson, vice-president of the U. S. Electrical Mfg. 
Co. and president of the U. S. Industries, Inc., of Los Angeles, 
has resigned, disposing of his holdings in both companies. He 
has been an officer and director since their inception, and for 
over twenty years has been intimately identified with the elec¬ 
trical manufacturing industry of Southern California. 

Giuseppe Faccioli has been appointed associate manager of 
the Pittsfield Works of the General Electric Company. Since 
his arrival in the country 25 years ago, Mr. Faccioli has pro¬ 
gressed steadily, much of his early training was acquired through 
his association with William Stanley. He is a natural bom 
leader and untiring in his endeavors to stimulate interest in the 
profession. 

Gordon Thompson has been made assistant chief engineer 
at the Electrical Testing Laboratories, having recently returned 
from China where he spent seven years as professor of electrical 
engineering at Nanyang University, Shanghai. During that 
time he also acted as consulting engineer for the Mission Archi¬ 
tects’ Bureau of that city. Mr. Thompson was engineer in 
charge of electrical laboratories at the Electrical Testing Labora¬ 
tories for ten years before going to China. 

C. E. Bennett, former manager of the Electrical Department 
of the Georgia Railway & Power Company has now become 
general engineer in charge of the Engineering Department. 
Mr. Bennett has been with the company for over 15 years and 
his engineering achievements parallel the development of the • 
company. He was electrical engineer for the construction of 
the company’s first % hydroelectric development, the Tallulah 
Falls power plant, and was also engineer in charge of the Tallulah 
high-voltage and the Newman and Lindale transmission lines. 
He designed the Boulevard, the Spring Street, Walton Street, 
Edgewood Avenue, Stewart Avenue and Moreland Avenue 
Substations. 


Obituary 

Frederick Ludwig Baer, who joined the Institute in 1907, 
died in Chicago the evening of September 6th, as the result of an 
automobile accident. He was born in Wilkes Barre, Pa., in 
1880, and was a graduate of Notre Dame University, Notre 
Dame, Ind., after a preparatory course at Mt. St. Mary’s 
College, Emmittsburg, Md. For many years he has been with 
the Automatic Electric Company as assistant chief engineer. 
Just prior to joining the Institute he was appointed superinten¬ 
dent in charge of equipment for all exchanges in and near San 


Francisco operated by the Home Telephone Company. In 

A £ T- ’ _ -l . . 1 - - 


all of his endeavors, he was counted an extremely worthy 


worker. At the time of his death he was chief engineer of the 
International Telephone Sales and Engineering Corp., Chicago. 

Frank Forrester Thompson, Professor of Electrical Engi¬ 
neering at Rutgers College, died at Lewiston, Pa., after a fall 
from the window of the Coleman Hotel. He was in his 57th 
year. His native town was Milroy, Pa., not far from Lewiston, 
and he was the son of the Rev. and Mrs. Samuel Thompson. 
In 1894 he graduated from Princeton and was from 1897 to 1898 
Instructor in Physics at Union College. From 1898 to 1901 
he was at Pennsylvania State College as Instructor in Electrical 
Engineering, entering upon his service as Instructor in Ele 
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Engineering* at Rutgers University in 1903. In 1906 he became 
Assistant Professor of Physics, in which capacity h b served until 
1908, when he was chosen Professor of Electrical Engineering. 
Professor Thompson became an Associate of the Institute in 1909.' 


Saskatchewan 


Dimer Meeting in honor of Bancroft Gherardi, National Presh 
dent, A. I. E. E. a August 18. Attendance 80. 


Spokane 


I 


PAST SECTION MEETINGS 


I 
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SECTION MEETINGS 
Portland 


Business Meeting. The following officers were elected: Chair- 
+ L * m* Vice-Chairman, Joseph Wimmer* 

dance t f' 7 " TreaStlrer ’ James R Fisken - W 27. Atten- 


Vancouver 


Boat trip with various other engineering societies in Portland 
under the auspices of Oregon Technical Council. August 2.’ 


The Development of Modern Communication, by Bancroft Gher- 

Se„dS. n S PreS,d ’”‘' A ' L E - £ Z. 


........... 


.............. 


A. I. E. E. Student Activities 
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STUDENT ACTIVITIES 4 T „ .*.". 

STUDENT ACTIVITIES AT PACIFIC COAST rnvvrvTm« 


STUDENT ACTIVITIES AT PACIFIC COAST CONVENTION 

The first afternoon of the Pacific Coast Convention, held at 
Del Monte, Calif., September 13-J6, was devoted to student 
activities in accordance with plans made previously by Professor 
R. W. Sorensen, Chairman of the Committee on Student Ac¬ 
tivities of the Pacific District, and the Convention Committee 

A luncheon meeting of Student Branch Counselors and 
Chairmen was held at 12:30 p. m. Of the seven Branches in 
the District, five were represented by their Counselors, and 
faculty representatives of the other two were present All 
Branch Chairmen were present. 

Immediately after the luncheon, a Conference on Student 
Activities was held. Professor R. W. Sorensen presided He 
requested each of the Counselors and Branch Chairmen to stand 
and announce his name aDd his Branch affiliation Mr P M 
Downing, Chairman of the Convention Committee and retiring 
Vice-President, Pacific District, and Mr. E. R. Northmore 
lee-President, Pacific District, were introduced and addressed 
the audience briefly. Mr. D. I. Cone, Vice-Chairman of the 
Convention Committee,, and retiring Chairman of the San 
rancisco Section, welcomed the members and guests on behalf 
ol the Section He then read a letter from Dr. C. E. Magnusson 
who expressed his regrets that he was unable to be present and 
gave an excellent summary of the advantages to be gained by 
students through such connections with the Institute. 

President Gherardi said the students of today will form the 
backbone of the electrical engineering profession of tomorrow 
and said the provision for Student Branches is very beneficial’ 
to the students and to the Institute. 

National Secretary Hutchinson gave a brief summary of the 
development by the Institute of plans for meeting its duties 
to tfie students, and mentioned the recent changes in policy 
which provide for the appointment of a Counselor of each 
Branch, the organization of District Committees on Student 

mat,? a r d the publioation of a Student Activities depart¬ 
ment in the Journal. f 

At the request of Chairman Sorensen, Professor T. H. Morgan 
Counselor of the Stanford University Branch, gave a brief 

14 1927 P r student Convention held at Stanford January 
4, 1927, in winch three Branches participated. 

mJn/Kif 0 aquestion bearding the Student Activities depart- 

Sled ASSi8tant National Se °retary Henline 

Jamm^ficrn tbls . department had been inaugurated in the 
SS f ' , 1SSUe ln f der to provide a defini< * location in the 
DiS clS 8 ° D 6 ae n MtieS ° f Branches ’ Counselors, and 
field and m ttee ® as wel l as other items of interest in this 
Lln ca d «r °* tte WOrtMer “nt papers. This plan has 
specific^™ ° Ut + m experimental manner, without any 
assi 1 * a ro r opnatiOD, m order to gain experience which "will 


the close of the general conference, and the following papers were 
presented briefly: F 


California Institute of Technology 

A Method of Measuring Extremely High Resistances and Some 
Results Obtained with Porcelain Suspension Insulators, by 
Jrey Hamburger. (Presented by Mr. W. A. Lewis.) 

Wiring at the California Institute of Technology, by L G 
Fenner. (Presented by Mr. J. W. Thatcher.) ’ ' 

Production of High Vacuua, by R. 8. Thacker. (Presented 
by the author.) 

Some Recent Experiments With the Vacuum Switch, by F C 
Lmdvall. (Presented by the author.) 

Some Factors Affecting Flashover Voltage of Insulators, by 
W. A. Lewis. (Presented by the author.) 


for 


aediat 


Stanford University 

Harmonic Phase Orientation , by R. D. Boynton and A V 
Permg. (Presented by A. V. Pering.) v . * 

The High-Voltage Oscillator, by Bradley Cozzens. (Presented 
by the author.) 

High-Voltage Phenomena in the Atmosphere, by M. A. Liss- 
man. (Presented by Mr. J. T. Lusignan, Jr.) 

Super-Regeneration, by George Hulstede. (Presented by 
Dr. F. E. Terman.) 

Tuned Power Lines, by Hugh Skilling. (Presented by the 
author.) J 

State College of Washington 
The Evolution of the Thermionic Vacuum Tube , by H. R, 

Meahl. (Not presented, as no one from this institution was 
present.) 

University of California 

Design of an Electromagnetic Absorption Dynamometer, by 
Daniel Silverman and T. L. Mayes. (Presented by Mr 
SilvermaD.) 

University of Southern California 

Tests of a 9376 Kw. Water-Wheel Generator, by James Hendry 
(Presented by the author.) ' 

Tests of a New Type of Constant-Current Regulator, by Turner 
White and A. E. Sayler. (Presented by Mr. White.) * 

University of Utah 

Power Factor Characteristics of the Fynn-Weichsel Motor, bv 
V. S Thomander and O. C. Haycock. (Presented by Mr 
F. W. Maxstadt, California Institute of Technology.) 

University of Washington 

A Table of B 1 - 6 and n B 1 - 6 and an Alignment Diagram for the 
Graphical Solution of the Steinmetz Equation for Hysteresis Loss 
byH.J. Scott. (Presented by Mr. C. M. Briggs.) ’ 
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At a meeting of the Counselors Held jater, r roressor r-iuup 
S. Biegler, “University of Southern California, was elected 
Chairman of the District Committee on Student Activities, and 
Professor T. H. Morgan of Stanford University was elected 
Secretary. 


The World’s Largest Automatic Hydro-Electric bt< 
structed for the Pulp and Paper Industry, by W. L 
and. R. H. Crosby. (Presented by Mr. C. M. Briggs. 

The Five Hundred Mile Transmission Line with 
Synchronous Condensers, by C. M. Briggs. (Presen 
author.) 

^Mimeographed abstracts of the above papers were 
prior to presentation. Authors were allowed ten i 
the presentation and discussion of each paper. Son 


BRANCH MEETINGS 
University of California 

Business Meeting. August 24. Attendance 34. 

Kv-a. and Demand Metering, by W. N. Lindblad, Pacific Ga» 
and Electric Co. September 7. Attendance 65. 


Engineering Societies Library 
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.. activity of the American Institute of Electrical Engineers, the American Society of 

the American Institute of Mining and Metallurgical Engineers and the American Society of Meehan ~ 
It is administeredfor these Founder Societies by the United Engineering Society, as a public reference 

It contains 150,000 volumes and pantphlets and receives currently 

It is housed in the Engineering Societies Building, 29 West Thirty - 

iry at the disposal of those unable to visit it in person, the Library is 
ring subjects, copies or translations of articles, and similar assistance. 


The library is a cooperative 

Civil Engineers , t — -~- 

ical Engineers . It is adminsteret 
* library of engineering and the a 

most of the important periodicals in its field, 
ninth St., New York. 

In order to place the resources of the Li 
prepared to furnish lists of references to engir 
Charges sufficient to cover the cost of this wor) 

The Library maintains a collection of 
America. A rental of five cents a day, plusj 

The Director of the Library will gladly give information concerning^ 
those interested. In asking for infor motion, letters should 
understand clearly what is desired. 

The library is open from 9 a. m. to 10 p. m. on all v 
July and August when the hours are 9 a. m. to 5 p. m. 

BOOK NOTICES AUG. 1-31, 1927 

Unless otherwise specified, books in this list have been pre¬ 
sented by the publishers. The Society does not assume responsi¬ 
bility for any statement made; these are taken from the preface 
or the text of the book. 

All books listed may be consulted in the Engineering Societies 
Library. 

Theory of Machines. 

By Louis Toft and A. T. J. Kersey. Lond. & N. Y., Isaac 
Pitman & Sons, 1927. (Engineering degree series). 408 pp., 
illus., diagrs., 9 x6 in., cloth. $3.75. 

This textbook on the theory of machines covers the course 
required of engineering students in English universities. Stress 
is laid upon fundamental principles and a large number of exam¬ 
ples illustrating their practical application are provided. 

Studies in Optics. 

By A. A. Miehelson. Chicago, Univ. of Chicago Press, 1927. 

(Science Series). 176 pp., illus., plates, 8x5 in., cloth. $2.00. 

A resume of Dr. Miehelson’s own investigations, treated some¬ 
what as in ‘‘Light Waves and Their Uses/’ but with more atten¬ 
tion to the theoretical side and with the inclusion of a number of 
investigations made since that book was published, 
the worlds described involves a general acquaintance with the 
calculus, it is so presented that those without it can obtain a fair 
knowledge of the experimental method and the results obtained. 

The book brings • together material that has hitherto been 
^available only in scattered articles and presents it concisely with 
as little technical detail as possible. It will be of interest to 
educated laymen, as well as to specialists. 

Spectroscopy, v. 2. 

By E. C. C. Baly. 3rd edition. N. Y., Longmans, Green 
& Co., 1927. (Textbooks of physical chemistry). 398 pp., 
illus., tables, 9 x 6 in., cloth. $6.00. 


Since the first volume of this edition appeared in 1924, the 
advance in spectroscopy has been so rapid that ProfesSbr Baly 
has found it necessary to expand the work to^four volumes, 
instead of the two originally planned. The present volume gives 
an account of interferometer methods, with chapters on methods 
of illumination, the nature of spectra, fluorescence and phos¬ 
phorescence, and the photography of the spectrum. It is dis¬ 
tinguished by its attention to detail in describing the technique 
of spectroscopy and by its comprehensiveness. 

Pressure Airships. 

By Thomas L. Blakemore and W. Watters Pagon. N. Y., 
Ronald Press Co., 1927. (Ronald Aeronautic Library). 311 
pp., illus., diagrs., tables, 9x6 in., cloth. $8.00. 

Discusses the design and construction of airships in which the 
shape of the envelope is maintained by the pressure of the gas 
in it. Mr. Blakemore is responsible for the section upon non- 
rigid airships, Mr. Pagon for that upon semi-rigid types. 

Each section considers the general characteristics of the air¬ 
ships, describes the various types, explains the design and con¬ 
struction of hulls, suspensions, controls, cars and other parts. 
Erection, inflation and rigging are described, and many technical 
data are given. The book aims to provide the information 
Although wanted by students, engineers, designers and builders. It is 
based upon the practical experience of the authors. 

Nel 1° Centenario Della Morte di Alessandro Volta, 
1827-1927. Special no. of L’Energia Elettrica, issued by 
Unione Nazionale Industrie Elettriche. [Milan, 1927], 
327 pp., illus., 12 x 9 in., paper. Price not quoted. 

In commemoration of the centenary of Volta, a special number 
of “L’Energia Elettrica” has been issued under the auspices of 
the Unione Nazionale Fascista Industrie Elettriche. The 
memorial is an attractive volume containing photographs of an 
original voltaic pile, of Volta’s residences, and of a painting of 
Volta. The text comprises twenty-one papers by prominent 
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Italian electricians, among which are reviews of Volta’s scientific 
work, of electrostatics during the past one hundred and fifty 
years, and of developments in the various branches of the science. 
Memoires et Rapports Techniques, No. 5. By Institut 
National Roumain pour l’Etude de l’Amenagement et de 
l’Utilisation des Soirees d’Energie. 

Considerations sur l’Auto-Excilation des Alternateurs 
Branches aux Lignes de Haute Tension. By Georges Petresco. 
Bucharest, 1927. 29 pp., diagrs., 9x6 in., paper. Price not 
quoted. 

*This paper, presented at the recent International High- 
Tension Conference, is a contribution upon the problem of the 
self-excitation of alternators connected to high-tensions lines. 
The nature of the phenomenon is explained, a detailed method 
is given for determining its effect in advance, and its dangers 
are discussed. 

Memoires et Rapports Techniques, No. 2 and 4. By In¬ 
stitut National Romain pour 1’ Etude de 1 ’Am&iagement et de 
FUtilisation des Sources d’Energie. No. 2, Puissances 
R&ctives et Fietives: No. 4,, Les Differentes Opinions 
et Conceptions Concernant la Nation de Puissance Reactive 
en Regime non Sinusoidal. 

By C. Budeanu. Bucharest, T927. No. 2, 360 pp., illus 
diagrs., 9x6 in., paper. No. 4, 47 pp., 11 x 9 in., paper, ’prices 
not quoted. 

Number two is an extensive study of reactive power from a 
theoretical and practical viewpoint. The general properties of 
the apparent and reactive quantities in electric circuits , axe 
treated theoretically, the effects of reactive power are discussed 
and methods of remedying the effects are described. Methods 
of metering power which take account of reactive power are 
discussed. Both sinusoidal and non-sinusoidal currents are 
considered. The author endeavors to reconcile varying opinion 
and to arrive at uniform general principles in concepts of various 
aspects of the problem. 

Number four is a pamphlet summarizing the various concepts 
of reactive power in non-sinusoidal currents which have been 
formulated by various prominent electricians, accompanied bv 
those of the author. . 

Lubrication and Lubricants. 

By Leonard Archbutt and R. Mountford Deeley. Fifth 

Cha f! es Griffln & Co - Phila " J - «. Lippincott 
Co., 19-7. 650 pp., illus., tables, 9x6 in., cloth. 36 s. 

. tr f tise upon lubricants has long been a standard and 
is too well known to need an introduction. This edition, the 

• TV S r SmCe 1912, ba£ been largely rewritten and rearranged, 
m the light of recent investigations. A general theory of solid 
notion is now presented, much new matter on the theory of 
viscous lubrication has been incorporated, and the chapters on 
riean s and their examination have been thoroughly revised 
and enlarged. The chapter on frictional testing of lubricants 
The information on lubricators and on the 
'f 1 ° f things has been much expanded. A chapter on the 

recovery of lubricating oil has been added. 

Die Kondensatwirtschaft. 

r>r,^ 5 'ii^ anS 'i Pa ^ cbe ' NItin. u. Ber., R. Oldenbourg, 1927. 219 
PP-, illus., diagrs., 9x6 in., paper. 10,-r. m. 

anltrtT’ aS Vi6Wedby Dr ' Balck ®> is no longer merely 
ditions ^f-’Outuiing waste steam under certain com¬ 

paring feed mS , ea x ® today a i so a valuable apparatus for pre- 
!l Wat6r a ? d a P rebea iing plant for all purposes. Con- 
only with begms at tbe exhaust of the engine and ends 

boiler injection of prepared, heated feed-water into the 

plants S ss' 0 ^ dx ®® usses eondenser practise in stationary steam 
It assists the SeU " C01xtalned department of heat engineering, 
viewpoint of ^ engmeer to evaluate his plant from the 

P t of heat economy and to utilize waste heat to the fullest 


, 1141 

degree. It takes up the various units of the power-plant, points 
out the losses of heat and energy in each and shows how to avoid 
or utilize them. It teaches that condensation practise is in fact 
a special branch of chemical technology and pleads for considera¬ 
tion of its problems from a modern point of view. 

Heating and Ventilating. 

By Charles L. Hubbard, revised by Wm. H. Severns. Chic., 
American Technical Society, 1927. 230 pp., illus., tables, 9x6 
in.p cloth. $3.00. 

+ . ©leraeptary practical textbook on the design and construc¬ 
tion of heating and ventilating plants. 

Anlassvorgange in Abgeschreckten Kohlenstoffstahlen. 

By L. Traeger. (Forsehungsarbeiten auf dem Gebiete des 
Ingemeurwesens, Heft 294) Berlin, V. D. I. Verlag, 1927. 20 
pp., illus.,.diagrs., 12 x 9 in., paper. 3,80-r. m. 

In this pamphlet the changes in length of hardened carbon 
steels during annealing'are investigated and compared with the 
changes in other of th eif properties. The various methods of 
research are described, their results jliscussed critically and 
an explanation of the process of annealing given. This is not, 
according to the author, in a gradual decomposition of the 
martensite, but consists of three transformations at definite 
temperatures, each accompanied by changes in length, structure ' 
electrical resistance, solubility and strength. These trans¬ 
formations are explained and methods for determining the proper 
temperature and time in annealing practise are given. 

Drafting for Engineers. 

By Carl Lars Svensen. N. Y., D. Van Nostrand Co., 1927. 
363 pp., illu&, diagrs., tables, 9x6 in., cloth. $2.75. 

A comprehensive textbook which covers not only general 
methods and fundamental principles but also provides material 
for special study of architectural, structural and electrical 
drafting. Over 300 problems are included. 

Experimental Electrical Engineering, v. 2. 

V * Kara P etoff * 3rd edition. N. Y.’, John Wiley & Sons, 
1927. 620 pp., diagrs., 9x6 in., cloth. $5.00. 

This second volume of Professor KarapetofiTs text on labora¬ 
tory practise is intended for more advanced students than was the 
first. Some chapters of it are sequels to the more elementary 
treatments of certain topics in volume one, others are introduced 
for the first time here. * * 

Among the subjects included are various tests of synchronous 
and induction machines, transmission and distribution lines, 
polyphase systems, controllers, and mercury-vapor and ther¬ 
mionic rectifiers, as well as methods for wave analysis and high 
frequency measurements. The book is primarily for the stu¬ 
dent, and the educational usefulness of the methods is kept in 
view, without, however, lessening the value for the practising 
engineer. References for further study are supplied liberally. 
Foremanship and Supervision. 

By Frank Cushman. N. Y., John Wiley & Sons, 1927. 238 
pp., illus., 8 x 5 in., cloth. $2.50. 

The author discusses the value of the conference as a means of 
education, the methods of holding conferences, the duties and 
qualifications of those leading them, and the results that may be 
expected. The use of conferences to train foremen and to train 
teachers and supervisors of vocational education is illustrated 
m detail. 

General Physics. * • . 

,By Henry Crew. 4th edition. N. Y„ Macmillan Co., 1927. 

674 pp., illus., diagrs., 9x6 in., cloth. $4.00. 

The author’s purpose is the presentation, in an elementary, 
manner, of the facts that are most essential for presentation to 
nrst-year and second-year college students, with the philosophy 
which most simply connects them. The book is a clearly written 
text-book, in which the attention of the student is held by the 
way m which the principles are illustrated by phenomena with 
which he is familiar.. The revision has incorporated the results 
oi recent discoveries in physics. 
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Engineering Societies Employment Service 


Under joint management of the national societies of CM, Mining, Mechanical and mectncai engineers cooper ai- 
with the Western Society of Engineers, The service is available only to their membership, and is maintained as a coop- 
live bureau by contributions from the societies and their individual members who are directly benefited. 

Offices:—88 West 89th St., New York, N. Y.,—W. V. Brown, Manager. 

S3 West Jackson Blv'de., Room 1786, Chicago, III., A. K. Krauser, Manager. * 

57 Post St., San Francisco , Calif., N. D. Cook, Manager. 

-Brief announcements will be published without charge but will not be repeated except upon 
irval of one month. Names and records will remain in the active files of the bureau-for a 
uest. Notices for this Department should be addressed to 
New York City, and should be received prior to the 15th day 

1 positions available is published weekly and is available to 
of $8 per quarter, or $10 per annum, payable in advance. Posi- 


MEN AVAILABLE.— 
requests received after an inte\ 
period of three months and 

EMPLOYMENT SERVICE, 33 West 39th Street, 

of the month. 

OPPORTUNITIES,—A ^Bulletin of engineering 
members of the Societies concerned at a subscription rate 

tions not filled promptly as a result of publication in the Bulletin may be announced herein, as formerly. 

VOLUNTARY CONTRIBUTIONS.—Members obtaining positions through the^medium of this service are 
invited to cooperate with the Societies in the financing of the work by nominal contributions made within thirty days after 
placement, on the basis of $10 for all positions paying a salary of $8000 or less per annum; $lfi plus one per cent of all 
amounts in excess of $8000 per annum; temporary positions (of one month or less ) three per cent of total salary received. 

The income contributed by the members, together with the finances appropriated by the four societies named above will 

it is hoped, be sufficient not only to maintain, but to increase and extend the service. . . , _ 

REPLIES TO ANNOUNCEMENTS.—Replies to announcements published herein or in the Bulletin, should 
be addressed to the key number indicated in each case, with a two cent stamp attached for reforwarding, and forwarded 
to the Employment Service as above. Replies received by the bureau after the positions to which they refer have been 
filled will not be forwarded. 

ELECTRICAL ENGINEER, E. E., ten years. ELECTRICAL ENGINEERING GRADU- 
design and manufacture of elec- ATE, 25 years old, Associate Member of 
trical apparatus. Age 34. Now employed, but A. I. E. E., three years’ experience with engineer- 
would like to make a change. Licensed in New ing and industrial motor control problems in the 
York State. C-3498. sales and engineering departments of a large manu- 

EXECUTIVE PRODUCTION facturing company. Desires position with a grow- 
Oppor- ENGINiS^ ^OR^^^^^GEE^^deverP^years ^ contract**. C e ^i“ y ; ” 

constructive record in mechanical and electrical ° er concern an mg 

engineering and AND ELECTRICAL ENGL 

MEN AVAILABLE planning^*layout, production'control, budgeting, J™, Cornell graduate, 18 CweindS 

GRADUATE ELECTRICAL ENGINEER, wage incentives, cost reduction. Technically including efficiency engineering for large industrial 
24, holding B. S. in E. E., and S. M. in E. E. trained, interested in business and management. (Paper mi ) a ong s earn an p w p 
(M. X. T. 1926), including graduate work in elec- capable of reorganizing or managing operations lines; combustion studies, 1 - h €> _ f " 

trie traction, railway engineering and public efficiently and economically. Age 32, Carried. e * . f nT v electrical 

utility administration, desires permanent connec- b- 9676. Prior to 

tion, preferably in heavy electric traction field. JUNIOR ELECTRICAL ENGINEER, gradu- s tatSned°hi Eastern^ityH B-6764 

Experience includes fourteeu months shopand ate M E E from large university, desires perina- ELECTRICAL ENGINEERING GRADU- 
design work with electrified iailroad. Highest t position with public utility or manufacturing ATF 1925 B S in Electrical Engineering 27, 
fences. ^ ^ “e deaiing in electrical material. Age 2* 

and ability. Em^oyed at present, but available 1926 , G . E. test course, specializing neerlng 6xperlence with large, western public 

%trC?mCAL C DE S IGNER, ? single, ten ISfCSTS g“& 

sssrsres^r r r “^ “ coast - ««c a TL^ro? o rSen:i. 

“ D^f p^to wTth^pnmrntiUt^ GRADUATE ELECTRICAL ENGINEER, “ELECTRICAL ENGINEER, A. I. B. E„ 27 
LocatiCh immaterial. Available on two weeks' desires position as superintendent of construction mar ried, graduate electrical engineer, four years 
n tice B-8628 or maintenance engineer m large operating com- engineering experience; one year design and layout 

°SALES ENGINEER 43 married, sales work, P an y* Two years General Electric test, two years of substations; three years general engineering 
mechanical or electrical in New York or Wes1> assistant superintendent in large manufacturing work in electrical engineering department of big 
Chester County C-557. , plant, fourteen years erecting engineer supervising public utility, including construction, system 

EXECUTIVE ENGINEER 32 married lar & e electrical construction work both in United operation; desires new connection with contract- 
mechanical engineer graduate’ twelve years 1 States and foreign countries. Desires permanent ingi managing or holding company or utility, 
diversified work industrial plants, large and small, location. C-3483. Location preferred, Eastern States, preferably 

Experienced in design, Manufacturing, construe- ELECTRICAL ENGINEER, age 28, married. New York City. C-3534. 

tion and management. Now staff member of B. S. in E. E., and E. E., five years’ experience ELECTRICAL ENGINEER, technical gradu- 
prominent consulting and management engineer-' test supervision with public utility, one year’s ate, Westinghouse test, over three years’ experi- 
ing corporation. Desires position in East not experience teaching. Editor, executive, statis- ence in power stations, age 29, married. Desires 
^requiring traveling. C-43. tidan, organizer. Desires position with industrial position as Electrical Inspector, Hydro Plant 

RADIO ENGINEER, desires radio technical organization. C-1346. Engineer or System Relay Engineer. B-8367. 

position or perhaps sales in radio, 22, single. JUNIOR DISTRIBUTION ENGINEER, 27, GRADUATE ELECTRICAL ENGINEER, 
Varied experience in radio testing, construction of good technical and business training, seven years desires position with public utility, cbnsulting 
test boards, experience in general wiring and repair public utility field construction, operation, inspec- engineer or with bank, where organizing and execu- 
work, experience in engineering research at tion and distribution. Experienced in three phase tive, as well as engineering ability is required, 
technical school. New York City, vicinity , change over and other reconstruction work. G. E. Test, four years with public utility, five with 
Southern New England, Eastern New York Location immaterial. Available on two weeks’ consulting engineering firm. Thoroughly famil- 
nreferahle or elsewhere. C-3300. notice. C-3516. ir a with valuation and engineering work. B-389. 


POSITIONS OPEN 

ELECTRICAL DESIGN ENGINEER, with 
mature judgment, for manufacturer of X-ray and 
medical apparatus. Must be thoroughly compe¬ 
tent to undertake basic new design work in this 
field and must have originality and sufficient 
executive ability to get things done, 
tunity. Salary, about $3600 a year to start, 
Apply by letter. X-3403-C. 
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GRADUATE ENGINEER, B. S. in E. E. in 
1924, 27, single, with wide technical training, two 
years public utility appraisal work. , Business and 
executive ability. Desires position as assistant to 
executive in utility or manufacturing business, or 
in consulting engineering office. Very much 
interested in developmental and experimental 
work on processes or patents. « B-9528. 

ELECTRICAL ENGINEER, TEST, OPER¬ 
ATING, CONSTRUCTION, 33, married, 8years’ 
laboratory, research, testing of electrical measur¬ 
ing apparatus, relays and watt hour meters. 
Have 5 years’ varied experience in estimating, 
designing and constructing of sub-stations and 
power plants, the operation of sub-stations, 


electric shovels, mine equipment, locomotives and 
mill equipment. Available 3 months. Location 
U. S. A. or foreign. Speak Spanish. Invite 
correspondence. C-3549. 

RECENT GRADUATE, B. S., (E. E.),M. I. T. 
1927, honor student, 21, single, desires a position 
either in business, engineering, or teaching field. 
Good habits, honest, conscientious, excellent 
references. Location anywhere. Available im¬ 
mediately. C-3550. 

YOUNG MAN, 29, eleetrica/engineer, M. A. in 
physics, 4 years teaching, 1 year research experi¬ 
ence, would like teaching or research position with 
future. Salary no object. B- 3411 . 


GRADUATE ELECTRICAL ENGINEER, 
27, single, five years of experience in transmission 
and substation construction in the West, eight 
months in industrial plants. Desires position 
along engineering lines, and opportunity for 
permanent employment. Available one month. 
Location anywhere. C-3564-78-C-3. 

ELECTRICAL ENGINEER, Cornell gradu¬ 
ate, 25, single, two years training in distribution 
department and power plants of large public 
utility. Desires position with a utility or manu¬ 
facturing company of moderate size located in 
South or West in power sales or sales engineering. 
C-3565. 
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MEMBERSHIP —Applications, Elections, Transfers, Etc. 
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ASSOCIATES ELECTED 
SEPTEMBER 19, 1927 

AEMMER, FREDERICK, 49 Hemenway St. 


... Ml UIHIIIf Ml II 111 t 


GR Y T h EL 't IE T? GOE:DOX ' Chief Electrician, MONTVILLE, HAROLD HURST, Electrical 


Boston, Mass, 
ANDERSON, HERBERT O., 


Sales Engineer, 


Nashwaak Pulp & Paper Co., Fairville! 
N. B., Can. 

GRAY, JOHN C., President, Gray Electric Co., 
Inc., 627 Jones St., Detroit, Mich 


RockbesW Products Corp., 265 Nicoll St., GUCKEL, CHARLES HENRY, Laboratory 


New Haven, Conn 
BARRATT, SIDNEY EDGAR, Production 
Engineer, Metropolitan-Vickers Australia 
Pty. Ltd,, Auburn, N. S. W., Aust. 
BEERBOWER, HAROLD RICHARD, Sub¬ 
station Operator. Consumers Power Oo., 
524 State St., Saginaw, Mich. 

BORCH, HENRIK JONATHAN, Testing Dept., 
B. M. T., 500 Kent Ave., Brooklyn, N. Y. 


Estimator & Engineer, Greer Electrical 
Construction Co., 125 E. 46th St., New 
York, N. Y. . 

MORELAND, LESTER DUANE, Resident 
Engineer, Phoenix Utility Co.; Florida Power 
& Light Co. Sarasota, Fla. 


Tester, United Electric Light & Power Co., ~ ___ 

514^W. 147th St., New York; res., Elmhurst, NACHMANI, AMMIHUD, 1421 Madison Ave., 


New York, N. Y. 


’"HAMILTON JULIUS GILLESPIE, Electrical NUEZEL, ELMER FREDERICK, Assistant 


Engineer, Power Engineering Dept., Westing- 
house Elec. & Mfg. Co., East Pittsburgh, Pa. 
HANSON, ELBERT TREAT, Electrician, First 


Engineer, Columbia Engineering & Manage¬ 
ment Corp., 314-316 W. 4th St., Cincinnati, 
Ohio. 


Class, Stone & Webster, Havre de Grace, PAGET, ALAN LENOX, Student Engineer, 

--_ Md.,ies., Philadelphia, Pa. General Electric Co., Schenectady, N. Y. 

BORTON JESSE THOMAS, Supervisor, Elec- HIRSH., DANIEL, Electrical Engineer, Graven PATON, RUSSELL EDGAR, Laboratory Leeds 

tnc Plant Sales. Kohler Co., & nvfnrH & Mayger, 180 N. Michigan Ave Chicago ^ —-*- 1 - ~ ’ 

Ill. 


trie Plant Sales, Kohler Co., 32nd & Oxford 
Sts., Philadelphia, Pa.; res., Glassboro, N. J 


neer, Queensland Irrigation Commission 
Adelaide St., Brisbane, Queensland, Aust. 
BUSBY, ARTHty* H. W., Electrician, Consoli¬ 
dated Mining & Smelting Co., Trail, B. C., 
Can. 

CAMPFIELD, LOUIS MIRAULT, Draftsman; 


& Northrup Co'., 4901 Steuton Ave., Phila¬ 
delphia; res., Fort Washington, Pa. 


' ' m u.eipxua; res., jc orr wasnxngton, Pa. 

BRUCE, JAMES MALCOLM, Electrical Engi-UIYER, P. NATESA, Assistant Engineer, Hydro- PEET, HARRY D„ Jr. Electrical Engineer 
neer, Queensland Irrigation Commission 11 electric Survevs. Chonanlr luarinoc TnrUo rr __ eer. 


electric Surveys, Chepauk, Madras, India. 
r AYNE, GEORGE EDMUND' Equipment 


Kentucky Electric Development Co., 822 
Marion E. Taylor Bldg., Louisville, Ky. 


& Tel. Go., 800 14th St., Denver, Colo. 
JOHNS, GEORGE J., Testing Dept., Union Gas 
--, — *.***»«wjuj,, xji oa.uaxna/ir, & Electric Co., Cincinnati, Ohio. 

&Mfe BleC - JONES ' GOMER, Chief Engineer, Hedley 

- fg- Co., East Pittsburgh, Pa. Gold Mining Go., Ltd., Hedley, B. 0., Can. 


Mountain st»t« Tel. PIERRE, GERALD JOHN, Primary Inspector. 


Detroit Edison Oo., Room 817-2000 Second 
Ave., Detroit, Mich. 

RECK, JOHN ELLSWORTH,. .Supervisor, Line 
& Meter Dept., Piqua Dist., Dayton Power 
& Light Co., Piqua, Ohio, 


w jjiu., xx-eaiey, ±j. u., <Jan. x^xiu uu., jriqua, umo. 

Bld r 44 l U h G °t^;’^T ral Electric Co " KERN, EUGENE AUGUSTIA, Tester, United RICHARDSON, RALPH GORDON, Assistant 


4i ’ Scll< »ectady, N. Y. Electric Light & Power Co., New York,~N.Y! 

DAi Tehen, G R° s GE Radio Service - KEY, EDMUND FRANCIS, Electrical Opera- 

BlnrCdlr 6 ° 0 '’ 107 ’ Westem Ave " tor ' British Columbia Electric Rahway Co., 
mw !v Ltd., Lake Buntzen, B.C., Can. 

^ Eavlson KLIPSCH, PAUL WILBUR, Student Engineer, 
° Apartad0 118 ' Orizaba. Testing Dept., General Electric Co., Schenec- 
ver., Mex. tady, N. Y. 

Ha^o^ T N °t NY AX,BERT ’ 104 s - 3rd St., KNIERIEM, PAUL HENRY, Electrical Tester 


Harrison, N. J. 

DOLDER, ALEXANDER JULIUS, Stone & 

Webster, Inc., Boston, Mass. 

DUBS, FORD HARVEY, Assistant System KNOWLES, DEWEY DEFOREST, Research 
Operator, Toledo Edison Co., Acme St. ~ 

Toledo, Ohio. 


& Inspector, Duquesne Light Co., 620 
Braddock Ave., Braddock; res., Pittsburgh, 
Pa. 


Electrical Engineer, New Zealand Coopera¬ 
tive Dairy Association, Hamilton; res., 
Frankton Junction, N. Z. 

SANTSCHI, ARTHUR EDWIN, Electrical 
Pleating Engineer, Western Electric Co., 
Hawthorne Sta., Chicago, Ill. 

SIMONDS, KENNETH CLEAVES, Chief 
Draftsman, Chief Clerk, Westem Div. Engg. 
Office, Florida Power & Light Co., 207 S. 
Kentucky Ave., Lakeland, Fla. 

TERRY, WALTER S„ Technical Employee, 
Long Lines Dept., American Tel. & Te^ Co„ 
15 Dey St., New York, N. Y. 

TRACY, EDWIN S., Jr., President, Electrical 
Engineering Co., Inc., 42 Aberdeen Place, 
St. Louis, Mo. and Dade City, Fla. 
WALDHOR ST, FRANK, Greenridge Courl, 


Engineer, Westinghouse Elec. & Mfg. Co., 

East Pittsburgh; res., Wilkinsburg, Pa, 

EPSTEIN, SOLOMON, Foreman, Repair Dept., KURMAN, NATHAN A., Engineer, Herald 
A-One Electric Co., 691 Atlantic Ave., Electric Go., Inc., 29 East End Ave., New 
Brooklyn, N. Y. York, N. Y. * 

FORTIN, ROMUALD PHILIPPE, District EAFFSA, ARTHUR E„ Analysist & Accoun- 

fnspector of Electricity & Gas, Trade & taut Engineer, Barkr- *- ™ - • - 

Commerce Dept., Dominion Government, St„ New York, N. Y. 

N U B° m Can 0USe ' ’ W1Uiam St - Sb - Jolm ' LAKE, ALLAN F., Vice-President, Lake Manu- .- - 

facturing Co., Inc., 1723 Poplar Street, WERNER > FRANK, Tester, Moloney Electric 
Oakland, Calif. ’ Co. 7t,b TTir»tm.vr ,Qf, 0 a* t— x„ 

LAMB, HENRY LINCOLN, Assistant Electrical 
Engineer, Electricity Dept., Municipal Coun¬ 
cil, Town Hall, Sydney, N. S. W., Aust. 


White Plains, N. Y. 

- - —-Alicia.jr.oi.KJt/ OO AmiUUJU- ’ 

taut Engineer, Barker & Wheeler, 90 West WEATHER WAX, OLUSTEE KENNETH, 

Sales Engineer, Pierce Electric Co., 418 
N. W. 6th St., Miami, Fla. 


GARRATT, JOSEPH F. G.; Power Plant Inspec- 
tion & Installation, E. L. Philips Construc¬ 
tion Co., Far Rockaway, N. Y. 

GHCREASE, EDWARD EMMET, Tester 
Moloney Electric Go., 7th & Hickory Sts.! 
ot. Louis, Mo. 

GRANT, CHARLES, Inspector Electricity & 


LeVAN, JAMES D., Research Engineer, Cutler- 
• ———■>-» ojj-ojt/cuoux xiixeucriciry & Hammer Mfg. Co., M^ilwaukee, W^is. 

SUM C “ S H °use, LYNCH, EDWARD, Meter Dept., General 

Electric Co., West Lynn Works, Lynn, Mass. 


Co., 7th & Hickory Sts., St. Louis, Mo. 

WHITE, ROBERT M., Experimental Engineer, 
Sperry Gyroscope Co., Manhattan. Bridge 
Plaza, Brooklyn, N. Y. 

WUNDERLICH, NORMAN E., Chief Engineer, 
Neutrowound Radio Mfg. Co., Homewood; 
res., Chicago, III. 

YAMAMOTO, KENKICHI, In charge of 
Underground Gable, Nippon Denryoku K. K., 
1 Sozecho Kita-Ku, Osaka, Japan. 
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INSTITUTE AND DELATED ACTIVITIES 


Journal A. I. E. E. 


♦ZUCKBR, MYRON, Electrical Engineer, 
General Electric Co., Room 620, Bldg. 37, 
Schenectady, N. Y. 

Total 62. 

♦Formerly enrolled students. 

ASSOCIATES REELECTED 
SEPTEMBER 19, 1927 

ANTON, GEORGE, Instructor, Fall River 
Technical High School, Fall River, Mass. 

BISDEE, COLIN E., Asst. Engineer, Hydro¬ 
electric Dept., Tasmania, Aust. 

OGDEN, PHILIP L., Asst. Engineer, Public 
Service Co. of No. Illinois, Room 1335, 72 W. 
Adams St., Chicago, Ill. 

YEAGER, WILLIAM FRANKLIN, Consulting 
Engineer, Day & Zimmermann Eng. & Cons. 
Co., 1600 Walnut St„ Philadelphia, Pa. 

MEMBERS ELECTED 
SEPTEMBER 19, 1927 

ATTWOOD, FREDERIC, European Engineer & 
General European Representative, Ohio 
Brass Co., Mansfield, Ohio; for mail, 18 
Rue de Tilsitt, Paris, France. 

FITZGERALD, ALAN STEWART, Engineer, 
Radio Engg. Dept., General Electric Co., 
Schenectady, N. Y. 

GALLEGO, ALEJANDRO, Mechanical Engineer, 
Obras Sanitarias de la Nacion, Calle Char- 
cas 1S40, Buenos Aires, Arg. Rep., So. 
Amer. 

TRANSFERRED TO GRADE OF FELLOW 
SEPTEMBER 19, 1927 

BARNES, JAMES P., President, Louisville 
Railway Co., Louisville, Ky. 

MAHAN, JAMES S., Electrical and Fire Pre¬ 
vention Engineer, Western Actuarial Bureau, 
Chicago, Ill. 

TEMPLIN, JOHN R., Consulting Electrical 
Engineer, Christchurch, N. Z. 

TRANSFERRED TO GRADE OF MEMBER 
SEPTEMBER 19, 1927 

BINNS, ARTHUR P-, Electrical Engineer, Hy¬ 
dro-electric Department, Hobart, Tasmania. 

HANCOCK, ROBERT E., Civil Engineer Corps, 
U. S. Navy, U. S. Naval Station, Cavite, P. I. 

PARROTT, REGINALD G., Manager for South 
America (Except Brazil), Metropolitan 
Vickers Electrical Export Co., Ltd., Buenos 
Aires, Argentina, S. A. 

SERVOS, FREDERICK M., Chief Electrical 
Engineer, Rio de Janeiro Tramway Light & 
Power Co. Ltd., Rio de Janeiro, Brazil, 
S. A. 

SIMPSON, SIDNEY, Consulting Engineer, 
Messrs. Thomas Cook & Son, Ltd., Hornby 
- Rd., Bombay, India. 


RECOMMENDED FOR TRANSFER 

The Board of Examiners, under date of Sep¬ 
tember 14, 1927, recommended the following 
member for transfer to the grade of membership 
indicated. Any objection to this transfer should 
be filed at once with the National Secretary. 


To Grade of Member 
WISE, JOHN S., Jr., Operating Manager, 
Pennsylvania Power & Light Co., Allentown, 
Pa. 

APPLICATIONS FOR ELECTION 

Applications have been received by the Sec¬ 
retary from the following candidates for election 
to membership in the Institute. Unless other¬ 
wise indicated, the applicant has applied for ad¬ 
mission as an Associate. If the applicant has 
applied for direct admission to a higher grade 
than Associate, the grade follows immediately 
after the name. Any member objecting to the 
election of any of these candidates should so 
inform the Secretary before October 31, 1927. 
Albert, C., Electrical Testing Laboratories, 
New York, N. Y. 

Bakker. J. B., Great Western Power Co., Oakland, 
Calif. 

Baldwin, B. W., Pacific States Electric Co., 
Seattle, Wash. 

(Applicant for re-election.) 

Barton, C. G., Ramapo Ajax Corp., Hillburn, 
N. Y. 

Bessey, C. E., Ratheon Mfg. Co., Cambridge, 
IVIass. 

Betz, P. L., Consolidated Gas, Elec. Light & 
Power Co. of Baltimore, Baltimore, Md. 
Biche, 7S. L., (Member), General Electric Co., 
Pittsfield, Mass. 

Brett, R. T., Contractor Dealer, Akron, Ohio 
Bryan, D. N., Oregon Short Line Railroad Co., 
Porcatello, Idaho 

Byrns, W. J., with C. W. Greene, 1463 Broadway, 
New York, N. Y. 

Christen, A. A., Westinghouse Elec. & Mfg. Co., 
Sharon, Pa. 

Craft, J. G., Consolidated Mining & Smelting Co., 
Traix, B. C., Can. 

Dettmer, A. W., Commonwealth Edison Co., 
Chicago, Ill. 

Donovan, G. M., Canadian General Electric Co., 
Ltd., Toronto, Ont., Can. 

Edens, J. H., Western Electric Co., Inc., New 
York, N. Y. 

Farrell, J. B., Toronto Hydro Electric System, 
Toronto, Ont., Can. 

Galley, H. M„ Curlett & Beelman, Los Angeles, 
Calif. 

Garland, Raymond G., Illinois Glass Co., Gas 
City, Ind. 

Halfvarson, G. A., Westinghouse Elec. & Mfg. 
Co., East Pittsburgh, Pa. 

Harker, D. C., Westinghouse Elec. & Mfg. Co.‘ 
San Francisco, Calif. 

Helfman, S. J., Duquesne Light Co., Pittsburgh, 
Pa. 


Hind, R. F., New York Central Railroad, New 
York, N. Y. 

Kirkendall, W. E., Los Angeles Railway, Los 
Angeles, Calif. 

Lynch, F. E., New York Edison Co., New York, 
N.Y. 

Martin, L. D., General Electric Co., St. Louis, Mo. 

Morrissey, W. J., Ntew York Edison Co., New 
York, N.Y. 

Nott, L. A,, Sangaiho Electric Co., San Francisco, 
Calif. 

Olsen, W., American Elevator & Machine Corp., 
New York, N. Y. 

Richardson, H. M., General Electric Co., Schenec¬ 
tady, N.Y. 

Riddle, A., B. C. Electric Railway Co., Vancouver, 
B. C., Can. 

Sandstrom, E. H., Pacific Tel. & Tel. Co., San 
Francisco, Calif. 

Smith, H. S., Pacific States Electric Co., Seattle, 
Wash. 

Stainback, R. F., Carolina Power & Light Co., 
Laurinburg, N. C. 

Swanberg, O. A., Wilson-Maeulen Co., Bronx, 
New York, N. Y. 

Teommey, G. H., Jr., Brooklyn Edison Co., Inc., 
Brooklyn, N.Y. 

Thomas, H. E., Victor Talking Machine Co., 
Camden, N.J. 

Thomson, B. C., Regina Photo Supply, Ltd., 
Regina, Sask., Can. 

Torok, J. J., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 

Vander Schaaf, W. D., Public Service Production 
Co., Newark, N. J. 

Wemple, H. R., Jr., Claude Neon Lights, Inc., 
New York, N. Y. 

Total 40. 


Foreign 

Griffiths, J. L., (Member), East Indian Railway, 
Charbagh, Lucknow, V. P., India 
Hind, B. S., (Member), Andes Copper Mining Co., 
Casilla B, via Antofagasta, Chile, S. A. 
Monkhouse, W. I., Dept, of Public Works, 
Brisbane, Queensland, Australia 
Patel, K. B., (Member), Great*Indian Peninsula 
Railway, Matunga, Bombay 19, India 
I^ajah, D. S., Electrical Engineer, Nellikuppam, 
Madras, India 

Rao, K. M., M. & S. M. Railway, Madras, India 
Spencer, D. N., Guatemala Gold Dredging Co.,; 

Morales, Guatemala, C. A. 

Tuck, H. P., The University of Tasmania, Hobart, 
Tasmania 
Total 8. 

STUDENTS ENROLLED 

Goldsmith, Sidney, University of Cincinnati 
Jones, Elton W., University of Maine 
Purssell, Roger W., Mass. Institute of Technology 
St. Louis, James A., Mass. Institute of Technology 
Total 4. 








Oct. 1927 


OFFICERS A. I. E. E. 1927-1928 


INSTITUTE AND RELATED ACTIVITIES 


C. C. Chesney 

H. M. Hobart 
B. G. Jamieson 
George L. Knight 
H. FI. SCHOOLFIELD 
A. E. Bettis 

John B. Whitehead 
J. M. Bryant 
E. B. Merriam 
M. M. Fowler 
H. A. KidDer 
E. C. Stone 

National Treasurer 
George A. Hamilton 


President 

Bancroft Gherardi 
Junior Past Presidents 

M. I. Pupin 


i Vice-Presidents 


Managers 


0. J. Ferguson 

E. R. Northmore 
J. L. Beaver 

A. B. Cooper 
^C. O. Bickelhaupt 

I. E. Moultrop 
H. C. Don Carlos 

F. J. Chesterman 
F* C. Hanker 

E. B. Meyer 

H. P. Liversidge 
National Secretary 

F. L. Hutchinson 


Honorary Secretary 
Ralph W. Pope 

LOCAL HONORARY SECRETARIES 

T. J. Fleming Calle B Mitre 519, Buenos Aires, Argentina, S. A. 

11 Castlereagh St.^lydnly!^^^ Australia 0 ' Ltd " Cathcart House, 

B ViCt0rk St " L ° nd0 - S ^ " England. 

P w w?, 1 V 5 B ^' Beause - iour > Paris 16 E„ France. 

. W. Willis, Tata Power Companies, Bombay House, Bombay India 

uidoSemenza, 39 Via Monte Napoleone, Milan, Italy. 

Le^F 0 ETstrom an ?r b r ry J° llege ' Christch urch. New Zealand. 

Axel F Enstrom, 24a Grefturegatan, Stockholm, Sweden. 

W. Elsdon-Dew, P. 0. Box 4563, Johannesburg, Transvaal. Africa. 

A. I. E. E. COMMITTEES 

issue of th°e f JotST*' ° £ InS ‘ itUte “ m “i«ees may be found in the September 

GENERAL STANDING COMMITTEES AND CHAIRMEN 

Executive, B, Gherardi 

Finance, H. A. Kidder 

Meetings and Papers, PI. P. Charlesworth 

•Publication, E. B. Meyer 

Coordination of Institute Activities, G. L. Knight 
Board of Examiners, E. H. Everit g 

Sections, W. B. Kouwenhoven 
Student Branches, J. L. Beaver <• 

Membership, E. B. Merriam 
Headquarters, G. L. Knight 

Law, C. 0. Bickelhaupt 4 

Public Policy, H. W. Buck 
Standards, J. Franklin Meyer 
Edison Medal, M. I. Pupin 

Code of Principles of Professional Conduct, John W Lieb 
Columbia University Scholarships, W. I. Slichter ' b 


Award of Institute Prizes, H. P. Charlesworth 
Safety Codes, J. P. Jackson 

SPECIAL COMMITTEES 

Advisory Committee to the Museums of the Peaceful Arts t p t V 
Licensing of Engineers, Francis Blossom S ' J ' P ' JacI “ on 

TECHNICAL COMMITTEES AND CHAIRMEN 

Automatic Stations, Chester Lichtenberg 
Communication, H. W . Drake 
Education, P. M. Lincoln 
Electrical Machinery, F. D. Newbury 
Electric Welding, J. C. Lincoln 

»•«... 

Instruments and Measurements, J. R. Craighead 
pplications TO Iron and Steel Production, A G Pierce 
Production and Application of Light, Preston S MBlar 
Applications to Marine Work, W. E. Thau 
Applications to Mining Work, W. H. Lesser 

pZTr P ° WER Applic ^ ons . a - M. MwCutcheon 
Power Generation, W. S. Gorsuch 

pZ?p TRA d MISSI 0N AND DrSTRIBUTI0N . Philip Torchio 
Protective Devices, F. L. Hunt 

Research, F. W. Peek, Jr. 

Transportation, J. V. B. Duer 

A. I. E. E. REPRESENTATION 

^rb=^^S--- - repre- 

£= advanc ~ - *«• • '<**«*. 
American Committee on Electrolysis 
American Engineering Council 
American Engineering Standards Committee 
American Marine Standards Committee 
American Year Book, Advisory Board 
oard of Trustees, United Engineering Society 
rn^ LES A ‘ C T FIN Pellowshii> a nd Research Fund Committee 

John Fritz Medal Board of Award 

Joint Committee on Welded Rail Joints 

Joint Conference Committee of Four Founders Societies 

Library Board, United Engineering Society 

National Fire Protection Association, Electrical Committee 

National Fire Waste Council committee 

National Research Council, Engineering Division 

TheNewcoZn 1 Society 11 " ELECIWCAL Com mittee of Engineering Section 
Radio Advisory Committee, Bureau of'Standards 
° CI ^ rAS E CooRDi 0 -S?r o ^ ENGINEERING Education, Board of Investi- 
U ' Committee of the International Electrotechnical 

mission° NAL ^ ommittee of the International Illumination Com- 
Washington Award, Commission of 


Baltimore 


Cincinnati 

Cleveland 

Columbus 

Connecticut 


Detroit-Ann Arbor 
Erie 

Fort Wayne 


__ Chairman 

A. L. Richmond 
C. E. Bennett 

W. B .Kouwenhoven 

E. W. Davis 

B. E. Ward 
R. C. Fryer 
A. M. Lloyd 

F. C. Nesbitt 
A. E. Knowlton 
A. L. Jones 

F. H. Riddle 
L. H. Curtis 
P. 0. Noble 


LIST OF SECTIONS 


Secretary 

Ohio Insulator 

Co., Akron, Ohio 

W Ga.' 01iver ' Box 2211 > Atlanta, 

“ R B T alfe M M a f St - BuiIding ’ 

W L H : c °tt> urn » 39 Boylston St., 
Boston, Mass. 

L. J. Vanhalanger, Conway Build¬ 
ing, Chicago, Ill. y 

Le ? Westinghouse Elec. 

& Mfg. Co., Cincinnati, Ohio ' 

A 088 Ivan hoe 

•Koad, Cleveland, Ohio 

W ;5'ml tZB ?. r ’, Int ? rarban Termi- 
nal Bldg., Columbus, Ohio 

Warner, Yale University, 
New Haven, Conn. 

R *p B n B n nne 7^ T ^ le P ll0ne Bldg., 
P. O. Box 960, Denver, Colo. 

Pr< AT-4'- Lo'veil, University of 

Michigan, Ann Arbor, Mich. 
c - P- J°. deT JL Erie County Elec. 
Co., Erie, Pa. 

F ’ J V * 4 .^ rri11 ’ general Elec. Co., 
Fort Wayne, Ind. 


Indianapolis-Lafayette 
Ithaca 
Kansas City 
Lehigh Valley 

Los Angeles 
Louisville 
Lynn 
Madison 


Milwaukee 


Minnesota 


Chairman 
J. B. Bailey 

R. F. Chamberlain 

S. M. DeCamp 
M. R. Woodward 

L. C. Williams 
D. C. Jackson, Jr. 
W. F. Dawson 
J. T. Rood 

Carlos Macias 

John D. Ball 

J. E. Sumpter 


__Secretary 

Z A. Fay, 4206 Cornelius Ave., 
Indianapolis, Ind. 

‘ H ithac B N:'Y COrneU University ' 

B.J- George, Kansas City Pr. & 
.Lit. Co., Kansas City, Mo. 

G ‘ B I ook s- Pennsylvania Er. 

8th & Hamilton Sts ., 
Allentown, Pa. * 

H. L- Caldwell, Bureau of Light & 
Power, Los Angeles, £al. 

W.C. White, Southern Bell Tel. & 
Tel. Co., Louisville, Ky. 

V '-RMo H fiI m if re T 11 ' Gen ,'„ Elec - Co.. 
Bldg. 64 G, Lynn, Mass. 

H >J- H“ nt . D- W. Mead and , 

BidI; MadSom W®s ate J" 

G. Solis-Payan, Ave. Portales 89. 
General Anaya, Mexico, D. F. 
Mexico ’ - 

W ™- J- Ladwig, Wisconsin Tel. 
Co., 418 Broadway, Milwaukee, 
Wis. 

Gilbert Cooley, Rice & Atwater, 
St. Paul. Minn. 
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INSTITUTE AND RELATED ACTIVITIES 


Secretary 


LIST OF SEOfflONS 

Chairman 


Nebraska 

N. W. Kingsley 

New York 

L. W. W. Morrow 

Niagara Frontier 

E. E. Imlay 

Oklahoma 

Edwin Kurtz 

Panama 

L. W. Parsons 

Philadelphia 

I. M. Stein 

Pittsburgh 

W. C. Goodwin 

Pittsfield 

H. O* Stephens 

Portland, Ore 

J. E. Yates 

Providence 

F. N. Tompkins 

Rochester 

R. D. De Wolf 

St. Louis 

L. F. Woolston 

San Francisco 

W. L. Winter 

Saskatchewan 

J. D. Peters 

Schenectady 

T. A Worcester 


Roy Hagen, General Electric Co., 
Omaha, Nebraska 

J. B. Bassett, General Elec. Co., 
120 Broadway, New York, N. Y. 

E. P. Harder, 205 Electric Build¬ 
ing, Buffalo, N. Y. 

C. C. Stewart, Okla. Gas & Elec. 
Co., Norman, Okla. 

M. P. Benninger, Box 174, Balboa 
Heights, C. Z. • 

R. H. Silbert, 2301 Market St., 
Philadelphia, Pa. 

H. E. Dyche, University of Pitts¬ 
burgh, Pittsburgh, Pa. 

F. R. Finch, General Electric 
Co., Pittsfield, Mass. 

L. M. Moyer, General Electric 
Co., Portland, Ore. 

F. W. Smith, Blackstone Valley 
Gas & Electric Co., Pawtucket, 
R. I. ^ , 

C. C. Eckhardt, Igrad Condenser 
& Mfg. Co., 26 Ave.'D, Rochester, 
N.Y. t . 

L. P. Van Houten, 2670 Washing¬ 
ton Boulevard, St. Louis, Mo. 

A. G. Jones, 807 Rialto Bldg., San 
Francisco, Calif. 

W. P. Brattle, Dept, of Tele¬ 
phones, Telephone Bldg., Re¬ 
gina, Sask., Canada 

R. F. Fra nkli n, Room 301, Bldg. 
No. 41, General Elec. Co., 
Schen ctady, N. Y. 


D N S— Continued 

Name • 

Seattle 

Sharon 

Southern Virginia 
Spokane 

Springfield, Mass. 

Syracuse 

Toledo 


Vancouver 


Washington, D. C. 


Worcester 
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Akron, Municipal University of, Akron, Ohio.^.C- R. Delagrange 

Alab ama Polytechnic Institute, Auburn, Ala..T- S. Lynch 

Alabama, University of. University, Ala.Sewell St. John 

Arizona, University of, Tucson, ..Gary Mitche 1 

Arkansas, University of, Fayetteville, Ark.Carroll Walsh 

Armour Institute of Technology, 3300 Federal St-, Chicago, Ill.L. J. Anderson 

Brooklyn Polytechnic Institute, 99 Livingston St., Brooklyn, N. Y.. .William Berger 

Bucknell University, Lewisburg, Pa.J? 

California Institute of Technology, Pasadena, Calif.J- W. Thatcher 

California, University of, Berkeley, Calif.A. G. Montin 

Carnegie Institute of Technology, Pittsburgh, Pa. R * A * Giles 

Case School of Applied Science, Cleveland, Ohio.G. J. Cume 

Catholic University of America, Washington, D. C. Wm * s - Sparks 

C incinnat i, University of, Cincinnati, O...*.— C- W. Taylor 

Clarkson College of Technology, Potsdam, N. Y-..H. J. Myrback 

Clemson Agricultural College, Clemson College, S. C. .L. R. Miller 

Colorado, University of, Boulder, Colo........* • J- A. Setter 

Colorado State Agricultural College, Fort Collins, Colo.Harold Groat i 

Cooper Union, New York, N. Y-.....- *..*....E. T. Reynolds 

Denver, University of, Denver, Colo...G. K. Baker 

Drezel Institute, Philadelphia, Pa....J. E. Young 

Duke University, Durham, N. C.-.......... • * *...0. T. Colclough 

Florida, University of, Gainesville, Fla—...H. Johnson 

Georgia School of Technology, Atlanta, Ga...W. M. McGraw 

Idaho, University of, Moscow, Idaho.....R. G. Elliott 

Iowa State College, Ames, Iowa..... —....., A. G. Baumgartner 

Iowa, State University of, Iowa City, Iowa —...............Theo. Van Law 

Kansas State College, Manhattan, Kansas...A. M. Young 

Kansas, University of, Lawrence, Kans....Claire Williamson 

Kentucky, University of, Lexington, Ky.......R. W. Spicer 

Lafayette College, Easton, Pa.......Herbert Heinrich 

Lehigh University, Bethlehem, Pa.....H. C. Towle, Jr. 

Lewis Institute, Chicago, Ill..- • - - • - * • - - * * ....L. F. Masonick 

Louisiana State University, Baton Rouge, La...R. C. Alley 

Maine,University of, Orona, Maine..*. R* F- Scott 

Marquette University, 1200 Sycamore St., Milwaukee, Wis...J- R. Adriansen 

Massachusetts Institute of Teehuology, Cambridge, Mass.W. M. Hall 

State College, East Lansing, Mich.....H. E. Hunt 

Michigan?University of, Ann Arbor, Mich......... L. J\ VanTuyl 

Milwaukee, Engineering School of, 415 Marshal St., Milwaukee, Wis...Joseph Havlick 

Minnesota, University of, Minneapolis, Minn.....G. C. Brown 

Mississippi Agricultural & Mechancal College, A. & M. College, Miss--H. M. Stainton 

Missouri School of Mines & Metallurgy, Rolla, Mo.. .H. H. Brittingham 

Miss ouri, University of, Columbia, Mo -.. • • -.. - -. - • - -.. - *..C. E. Schooley 

Montana State College, Bozeman, Mont..........W. E. Pakala 

Nebraska, University of, Lincoln, Neb.................................-W. A. Van Wie 

* Nevada, University of, Reno, Nevada.^.. .K. K. Knopf 

Newark College of Engineering, 367 High St., Newark, New Jersey.E. S. Bush 

New Hampshire, University of, Durham N. H. |i ...S. S. Appleton 

New York, College of the City of, 139th St. & Convent Ave-, New York, N.Y-Joseph Leipziger 

New York University, University Heights, New York, N. Y.... .H. U. Hefty 


Secretary 
C. R. Wallis 
L. H. Hill 
W. S. Rodman 

L. R. Gamble 

C. A. M. Weber 
C. E. Lfcorr 
T. J. Nolan 
C. E. Sisson 

J. O. Kraeh'enbuehl 

Daniel L. Brundige 
A. C. R. Yuill 

M. G. Lloyd 

Guy F. Woodward 
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Ray Rader, Puget Sound Pr. & 
Lt. Co., Seattle, Wash. 

H. B. West, Westinghouse Elec. 

& Mfg. Co , Sharon, Pa. 

J. H. Berry, 1338 Rockbridge 
J^/e., Norfolk, Va. 

James B. Fisken, Washington 
# Water Power Co., Lincoln & 
Trent, Spokane, Wash. 

B. V. K. French, American Bosch 
Magneto Co., Springfield, Mass. 

F. E. Verdin, 615 City Bank Bldg., 
Syracuse, N. Y. 

Max Neuber, 1257 Fernwood Ave., 
To edo, Ohio 

F. F. Ambuhl, Toronto Hydro 
Elec. System, 226 Yonge St. 
Toronto, Ont., Canada 
J. K. Tuthill, 106 Transportatmn 
Bldg., University of Illinois 
Urbana, Ill. 

C. B. Shipp, General Electric Co. 
Salt Lake City, Utah 

J. Teasdale, British Columbia 
Elec. Railway Co., Vancouver, 
B. C., Canada 
H. E. Bradley, Potomac Elec. 
Pr. Co., 14th & C Sts., N. W., 
Washington, D. C. 

F. B. Crosby, Morgan Construc- 
• tion Co., 15 Belmont St., Wor¬ 
cester, Mass. 


Counselor 

v Member of Faculty) 


P. W Bierman 
P. E. Sandlin 
J. M. Cardwell, Jr. 
Audley Sharpe 
W. H. Mann, Jr. 

H. T- Dahlgren 
Joseph Heller 
A. C. Urffer 
J. G. Kuhn 
R. T. Montin 
J. R. Britton 
R. C. Taylor 
C. S. Daily, Jr. 

W. C. Osterbrock 
W.*E. Turnbull 
J. U. Wilson 
R. D. Palmer 
Howard Steinmetz 
Wilfred Henschel 
L. L. Booth 

C. J. Backman 
F. A. Bevacqua 

A. C. Dean 
F. L. Kaestle 

F. B. Peterson 
J. B. Cecil 

E. J. Hartman 
John Yost 

D. M. Black 

C. D. McClanahan 
Daniel Paul 
W. D. Goodale, Jr. 

G. M. Berg 
W. S. Marks 

E. W. Jones 

H. J. Lavigne 
H. F. Krantz 
S. W. Luther 
W. E. Reichle 
H. F. Brundage 

G. C. Hawkins 

B. W. Robins 
E. J. Gregory 
W. D. Johnson 
J. A. Thaler 
Keith Davis 
Clark Amens 

C. H. Clarendon, Jr. 

H. B. Rose 

A H. Rapport 
Henry Och 


J. T. Walther 
W. W. Hill 

J. C. Clark 
W. B. Stelzner 

D. P. Moreton 
Robin Beach 
W. K Rhodes 

R. W. Sorensen 
T. C. McFarland 
B. C. Dennison 
H. B. D^tes 

T. J. MacKavanaugh 
W. C. Osterbrock 
A. R. Powers 

S. R. Rhodes 
W. C. DuVall 
H. G. Jordan 
N. L. Towle 

R. E. Nyswander 

E. O. Lange 
W. J. Seeley 
J. M. Weil 

E. S. Hannaford 
J. H. Johnson 

F. A. Fish 

A. H. Ford 

R. G. Kloeffler 

G. C- Shaad 

Morland King 
J. L. Beaver 
F. A. Rogers 
M. B. Voorhies 
Wm. E. Barrows, Jr. 
J. F. H. Douglas 
W. H. Timbie 
L• S. Foltz 

B. F. Bailey 
John D. Ball 
*H. Kuhlmann 

L. L. Patterson 

I. H. Lovett 

M. P. Weinbach 

J. A. Thaler 
F. W. Norris 
S. G. Palmer 
J. C. Peet 

L. W. Hitchcock 
Harry Baum 
J. Loring Arnold 
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North Carolina State College, Raleigh, N. C . “ 7~ r~r> • —- 

North Carolina, University of. Chapel Hill, N. C. . n uuTi. 

North Dakota, University of, University Station, Grand Forks* N.*D.Alfrfrl' ° US ^ 

Northeastern University, 316 Huntington Ave., Boston 17, Mass... . L a 

Notre Dame, University of, Isktfre Dame, Ind. . w ‘ 

Ohio Northern University, Ada, O . . T * * avis 


Ohio State University, Columbus, 0. 


• John Simmons 


Ohio University, Athens, 0..* ... B ‘ Crawford 

Oklahoma A. & M. College, Stillwater, Okla ..'.**.**.**.*’**’..’. p aren £f; Kel ° h 

Oklahoma, Uiversity of, Norman, Okla.*.. n ® n ^ Fonts 

Oregon Agricultural College, Corvallis, Ore...;.*. * *., ^ 

Pennsylvania State College, State College, Pa.] .'.1' L ' , / lertz 

Pennsylvania, University of, Philadelphia, Pa.’ * ‘.^ Dannerth 


Pittsburgh, University of, Pittsburgh, Pa. 


. Wm. H. Hamilton 


---vr*, Xil/UOUUAgU, JT & .. p - 

Princeton University, Princeton, N. J... .*.* * I ‘ Jarrett 

Purdue University, Lafayette, Indiana..' ‘ ’ '1 ?T 

Rensselaer Polytechnic Institute, Troy, N. Y.’ .ZL* ^<wom- 

Rhode Island State College, Kingston, R. I.. 

Rose Polytechnic Institute, Terre Haute, Ind.. ..'. * ’ ‘. ^ r * BaSterbrooks 

Rutgers University, New Brunswick, N. J...*' N A rl- Gnner 

Santa Clara, University of, Santa Clara, Calif...* *!!!!!!! ..p p rvp b - 

South Dakota State School of Mines, Rapid City, S. D. ;*!***[*! .n a wtr n 

South Dakota, University of, Vermillion, S. D.....*.N * * * Q ' , Wklte 

Southern California, University of, Los Angela, Calif*. ’ ...Jn °^ T 

Stanford University, Stanford University, Calif... . n Ibert Dunstan 

Stevens Institute of Technology, Hoboken. N. T .J;* ~ bambers 

Swarthmore College, Swarthmore, Pa. '.'.*.**‘ .T r r - Tl™™ 

Syracuse University, Syracuse, N. Y. ’ * *. in Blghtfoot 

Tennessee, University of, Knoxville, Tenn. . ‘ * Bynde 

Texas, A. & M. College of, College Station, Texas. .!*.*.*.*.!. r * / T?*®* 

Texas, University of, Austin, Texas. .. * f * f? 61 ??! 11 

Utah, University of, Salt Lake City, Utah.* . w ‘ L* ^ ayfield 

Virginia Military Institute, Lexington, Va.. w * J , 

Virginia Polytechnic Institute, Blacksburg, Va. . vliv Griffith ^ 

Virginia, University of. University, Va. .‘ c Hut ° heson 

— ■ . . R. C. Small 


Washington, State College of, Pullman, Wash.. 


-o---—A umuau, vvasn.. -tty,, 

Washington University, St. Louis, Mo. . R i!! 

Washington, University of, Seattle, Wash. .. w ^® ls + he 

Washington and Lee University, Lexington, Va.. R ^ B ° isteT . 

West Virginia University, Morgantown, W. Va.... .•'. T V .J7 er 

Wisconsin, University of, Madison, Wis. .. T ‘ 7 *' Q lth 

Worcester Polytechnic Institute, Worcester, Mass.*.*.’. La rST* 

Wyoming, University of, Laramie, Wyoming' . T * 

Yale University, New Haven, Conn....John Hicks 

Total 95 * . Wm. W. Parker 
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W. C. Burnett 
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C. S. Porter 
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Richard Setterstrom 
W. J. Gorman 
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D. P. Mitchell 
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H. A. Hartley 

B. S- Morehouse 
Charles Miller 

W. F. A. Hammerling 
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G. E. Schade 
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H. M. Roth 
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Arthur Peterson 
Bernard Yoepp 
P. E. Davis 
Leonard Saari 

C. H. Kauke 

‘ Edward Joslin 
J. W. Hinkley 


(Member of Faculty) 

P. H. Daggett 
D. R. Jenkins 
Wm. L. Smith 
J. A. Caparo 
I. S Campbell ' 

F. C- Caldwell 
A A. Atkinson 
Edwin Kurtz 
F. G. Tappan 
F. O. McMillan 
L. A. Doggett 
C. D. Fawcett 
H. E. Dyche 
Malcolm MacLaren 
A. N. Topping 
F. M. Sebast 
Wm. Anderson 
C. C. Knipmeyer * 


J. O. Kammerman 

B. B. Brackett 
P. S. Biegler 
T. H. Morgan 

F. C. Stockwell 
Lewis Fussell 

C. W. Henderson 
C. A. Perkins 

C. C. Yates 
J. A. Cornell 
J. F. Merrill 
S. T . Anderson 
Claudius Lee 
W. S. Rodman 
R. D. Sloan 
H. G. Hake 

G. L. Hoard 
R. W. Dickey 
A. H. Forman 
C. M. Jansky 

H. A. Maxfield 
G. H. Sechrist 
C. F. Scott 
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NEW CATALOGUES AND OTHER PUBLICATIONS 

Mailed to interested readers by issuing companies 
Floodlighting. —Bulletin GEA 161-A, 24 pp. Describes 
floodlighting projectors for buildings and also searchlight and 
airport lighting. General Electric Company, Schenectady, N. Y. 

Insulators.— Catalog B-27, 64 pp. Describes Thomas 

pin-type insulators. The R. Thomas & Sons Company, East 
Liverpool, Ohio. 

Turbine Generators.-Bulletin 20293, 8 pp. Describes 
geared turbine generator units, for a-c. and d-c. operation, 
76 to 500 kw. Westinghouse Electric & Mfg. Company, East 

Pittsburgh, Penn. ^ ^ 

Commutator Undercutters.— Dialog No. 9. Describes 
eleven different types of motor driven commutator undereutters 
and slotters. Martindale Electric Company, 1254 West 4th 
Street, Cleveland, Ohio. 

° Motors.— Bulletin 151, 8 pp. Describes the new line ot 
Wagner air-jacketed motors, 1 to 30 h. p. Bulletin 152, 4 pp. 
Describes Wagner across-the-line squirrel cage motors up to 
20 h p Wagner Electric Corporation, St. Louis, Mo. 

Safety Switches.— Catalog 27, 36 pp. Describes “Bull 
Dog” safety switches. Feeder Panelboards. Bulletin 130, 
16 pp. Describes “Unit-Versal SaftoFuse” power and light 
distributing feeder panelboards. Bull Dog Electric Products 
Co., Detroit, Mich. 

. Controllers.— Bulletin 410, 4 pp. Describes types E-2100 

and E-2200 Allen-Bradley controlling rheostats. These are 
used largely in battery charging applications, but are also widely 
employed for general purposes. Bulletin 704, 4 pp., describes 
type J-1552 alternating-current reversing switches. In general, 
these are used for reversing two- and three-phase motors and may 
be used for reversing certain types of single-phase motors. 
Bulletin 709, 4 pp., describes type J-1552 across-the-line 
starting switches. These are designed for starting small single¬ 
phase an d polyphase motors. Allen-Bradley Company, 496 
Clinton Street, Milwaukee, Wis. 

“The Lengthening of Niagara Falls” is the title of an attrac¬ 
tive, handsomely illustrated in colors, 32-page booklet issued by the 
Buffalo, Niagara & Eastern Power Corporation, 600 Electric 
Building, Buffalo, N. Y. It describes a plan for moderating the 
force of the waterflow over the Horseshoe Falls, which is con¬ 
sidered necessary if the American Falls are to be saved from dete¬ 
rioration. The power development at Niagara Falls is also 
touched upon in the booklet. 


NOTES OF THE INDUSTRY 
The Hoosier Engineering Company, erectors of trans¬ 
mission lines, announce the establishment of their general offices 
at 100 W. Monroe Street, Chicago. Branches are located in 
New York City and Indianapolis. • 

The Westburg Engineering Company, Chicago, Illinois, 
announce that they have been appointed district representatives 
for the Western Electro-Mechanical Company, Inc., Oakland, 
California, manufacturers of standard a-c. line current test sets; 
Knopp multi-range a-c. ammeters; automatic reclosing equip¬ 
ment for oil circuit breakers. 

The New Departure Manufacturing Company, Bristol, 
► Conn., announce that the increasing demand for New Departure 
ball bearings on the Pacific Coast has made it necessary to 
establish a branch engineering office at San Francisco. Elliott 
A. Allen has been appointed resident manager, with offices at 
1812 Van Ness Avenue, San Francisco. Under this new ar¬ 
rangement the Pacific Coast will be served in an engineering as 
well as a sales capacity for the New Departure product. 

The Wade Engineering Company, Los Angeles, Cal., 
who handle the products of the Lincoln Electric Company, 


Cleveland, announce that their northern office has been moved 
from 69 Webster Street, Oakland, to 533 Market Street, San 
Francisco. The increased sale of ‘ 4 Linc-Weld” motors and 
“Stable-Arc” welders has necessitated a much larger stock,and 
increased space has been found necessary. 

The James R. KearAey Corporation, St. Louis, Mo., 
announce the following recent additions to their sales organiza¬ 
tion: A. F. Zerbst, in the states of Florida, Georgia, Alabama, 
North Carolina, South Carolina, and part of Tennessee. Mr. 
Zerbst was formerly connected with the A. T. & T. of Atlanta, Ga.; 
general superintendent of the Panhandle Power and Light Co., 
Borger, Texas; and in the statistical engineering department 
of the Kansas City Power and Light Company. Oscar Marcu- 
sen, in parts of New York, Ohio, and Kentucky. Mr. Marcusen 
was formerly with the Iowa State Board of Railroad Commis¬ 
sioners, Des Moines, Iowa, in the capacity of assistant electrical 
engineer. Henry M. Hughes, in parts of Pennsylvania, West 
Virginia, and Ohio. He was formerly with the Franklin Steel 
Co., Electrical Service Supplies Co. of Philadelphia, H. C. Fry 
Glass Co. of Rochester, Pa., and is now identified with his own 
selling organization, the Continental Sales and Engineering 
Co., of Pittsburgh. A. W. Marshall, in parts of Kentucky and 
Indiana. Mr. Marshall has his own organization, located in 
Louisville, Ky. J. G. Smith, in all of Canada west and north 
of Port Arthur, with headquarters in Winnepeg, Manitoba. 
H. C. Fiske has been transferred to the Chicago territory cover¬ 
ing parts of Wisconsin, Michigan, Ohio, Illinois, and Indiana. 
E. J. DeRight is now covering parts of Missouri, Arkansas, 
Mississippi, Tennessee, Kentucky and Illinois. 

Largest Storage Battery Locomotive. The largest storage 
battery locomotive in the world, weighing 110 tons and capable 
of hauling a 1500-ton train, has just been purchased by the 
State Line Generating Company for service in its yards at 
Hammond, Ind. This locomotive, built by the General Electric 
and Electric Storage Battery Companies, has all the advantages 
of an electric locomotive but does noli require an overhead trolley 
or third rail for its power. It is noiseless and smokeless in opera¬ 
tion, and call, accelerate quicker and move a heavy load much 
faster than other types of switching locomotives. 

Its huge storage battery, weighing 39 tons, the largest ever 
manufactured for this purpose, will deliver 1000 horse power 
to the driving motors. This power is equivalent to 1579 six- 
volt batteries such as used for radio purposes, or is sufficient to 
crank 1600 automobiles simultaneously. A motor-generator 
set installed in the cab will permit the charging of the battery 
from a 2300-volt circuit in the plant. 


Warren F. Hubley, president, treasurer and general manager 
of the American Transformer Company, of Newark, N. J., died 
suddenly on September 19, at the age of 47. 

His service with the American Transformer Company dated 
from 1901 to the present time, a period of twenty-six years. 
He was treasurer of the Institute of Radio Engineers for eight 
years and active in N. E. M. A. work, being Chairman of the 
Parts Committee and a member of the Standards Committee. 
He was also a member of the Newark Athletic Club, Newark 
Country Club, Rotary, Radio Club of America, East Orange 
Rifle Club, Federated Welfare Committee of the Oranges, the 
Electrotechnical Society, besides other electrical societies and 
associations. Mr. Hubley was one of the vestrymen of Christ 
Church, East Orange, and funeral services were held from the 
church on Wednesday, September 21, 1927. 

A man of sterling character, his talents were devoted un¬ 
grudgingly to the electrical field and welfare work for the boys 
and girls and the needy in the community, as well as active work 
in all the organizations of which he was a member. 
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Current Electrical Articles Published 
by Other Societies 


Engineers & Engineering, 

August 1927 

Oil-Electric Locomotives Win Favor with Chicago & Northwestern Railway, 
by C. H. Vivian 
September 1927 

Underground Transmission at 66,000 Volts in Philadelphia, by H. b. Phe ps 

Iron & Steel Engineer, September 1927 

Electrification of the Tata Iron Works at Jamshedpur, by S. Ghosh 
Inductive Time Limit Control, by N. L. Mortensen 

Power Factor Correction, Effective Power and Reactive Power, by W. H. 
Feldman 

Minn. Fed. Arch. & Engineering Soeiety Bulletin, September 1927 
Electricity and Improved Railway Efficiency, by R. Budd 

Institute of Radio Engineers, Proceedings, October 1927 

Long Wave Radio Measurements at the Bureau of Standards in 1926 With 
Some Comparison of Solar Activity and Radio Phenomena, by L. W. 
Austin 

Radio Atmospheric Disturbances and Solar Activity, by L. W- Austin 
Two Contrasting Examples Wherein Radio Reception Was Affected by a 
* Meteorogical Condition, by E. H. Kincaid 
A Radio Inter-Communicating Service for Railroad Train Service, by Henry 
C. Forbes 

Western Society of Engineers Journal, August 1927 

Hydroelectric Turbines in General and for Niagara in Particular, by F. Nagler 
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Suggested Change in 

Institute Publications 

The continued increase in the amount of material 
published by the Institute in the Journal and the 
Transactions has been made evident to the member¬ 
ship by the constantly growing size of these publica¬ 
tions, and there is little doubt that in the future this 
rate of growth will increase. Each succeeding year 
witnesses an increasing demand for publishing more and 
more material, and the advent of numerous regional 
meetings, a most desirable activity which is being 
fostered by. the Institute, has already decidedly in¬ 
fluenced this demand for the publication of more 
papers. 

The publications of the Institute comprise one of 
its most important activities, and it is the policy of 
the Institute to encourage this activity to the utmost 
possible extent, but it has recently become apparent 
that the volume of our publications is rapidly out¬ 
growing the methods of publishing which are in vogue 
at present. As an example of this, Volume 45 of the 
Transactions, covering the year 1926, which has 
just been distributed, contains about 1300 pages and 
weighs nearly ten pounds, which is practically the 
limit for this style of binding. Any farther increase 
in the number of pages would tend to break down 
the binding by its own* weight, yet Volume 46, if the 
same system is followed will contain 1500 pages, which 
is considered beyond the limits of practicability . 

A simple solution of this problem would apparently 
be to divide the volume into two parts of 750 pages 
each, but this involves a prohibitive expense. These 
books are now furnished to subscribing members at a 
price of two dollars a volume while the cost of produc¬ 
tion is now four dollars a volume, and any farther 
increase in manufacturing cost must be avoided. 
It is therefore apparent that the Institute is faced 
with the alternative of rejecting at least 200 pages of 
papers from the next volume of Transactions, or of 
modifying its present methods of publication so as to 
take care of the increase in production without materi¬ 
ally increasing its expenses. 

The Publication Committee has recognized for 
some time that this situation was rapidly approaching 
and it has devoted considerable time to the study of a 
feasible and appropriate solution of the problem. As 
the result of its investigations, after considering the 
matter from numerous angles and view points, a modi¬ 
fication of our present methods has been recommended 


by this committee to the Board of Directors. The 
proposed plans are given here rather fully in order to 
ascertain the reaction of the membership to them 
before their final adoption, and under these plans there 
is no doubt that our expected increases in published 
matter can. be taken care of for several years with 
little if any increase above our present costs. . 

The principal modifications suggested by the Publi¬ 
cation Committee are as follows: 

(1) Publish the Transactions quarterly in pam¬ 
phlet form, charge a nominal price as at present, 
and secure entry in Post Office as second-class mail. 

(2) Publish the Journal as at present except to 
limit the length of any one article to 4 or 5 pages. ' 

(3) Publish pamphlet copies of all papers in full 
as at present for distribution previous to meetings 
and send fjiem free on request when published in the 

Journal in abridged form. 

(4) Make rule that all manuscripts of over 4000 

words accepted for publication must be accompanied 
by an abridgment or Journal story not to exceed 
about 4000 words in length. * , 

The reasons for these recommendations may not 
be readily apparent to those not familiar with the details 
of publishing, and therefore some explanation of the 
results to be accomplished is in order. 

Under (1), the binding and mailing costs of the 
Transactions will be greatly reduced. The binding 
of four quarterlies in pamphlet form will mean a 
saving of 30 cents per volume. Under second-class 
mail a uniform rate of iy 2 cents per pound will obtain, 
making the mailing cost of four quarterlies about 
15 cents, as against the present parcels post rates 
which average about 40 to 50 cents per copy and run 
as high as $1.22 to California. 

It is necessary to adopt pamphlet binding in order 
to receive second-class mailing entry. Some members 
will doubtless desire cloth-bound quarterlies to match 
the previous issues of the Transactions, in which 
case arrangements can be made to supply cloth-bound 
copies for an additional sum covering the actual extra 
cost of binding and mailing. s 

An incidental advantage of this plan is that members 
would receive the quarterlies every three months and 
would not have to wait over a year and a half as at. 
present to obtain papers and discussions in permanent 
form for reference. 

Under (2), it is believed that the practise of abridging 
all papers that are over four or five pages in length 
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will make the Journal a much more readable paper 
for practically all the Institute membership. Very tew 
if any readers of the Journal are equally interestedl in 
all the papers published. Most members of the 
Institute are specialists in one or two branches of 


Members Invited 

to Visit Sections 

Members of the Institute are reminded that they are 
always welcome to attend meetings of any Section of the 
Institute located in any city which-they may be visiting. 


eStricS engineering and are only casually interested Furthermore, the officers of Sections are always glad to 
Another branches. Each member will desire the com- mee t such visiting members, and, when convenient, 
plete papers on such subjects as specially interest him to receive notices of such visits m advance. This is 
»nd these he will obtain free on application. The particularly true of visiting members from a distant 



papers in the Journal will consist of concise abndg- 
ments giving the essential features and conclusions of 
the complete papers, and this is as much as the general 
reader wants to know about papers outside his special 
field. . It is sufficient to keep him well posted in all 
fields of electrical engineering without bothering him 
with details in which he is not interested. 

Recommendations (3) and (4) need no farther 
comment as they are obviously necessary features of 
the plan outlined. It may be objected by some that 
the contemplated length of abridgments is too small 
but this question has been carefully considered by the 
Publication Committee and the conclusion reached 
that no papers have been published by the Institute 
fiat could not J>e satisfactorily summarized in four 
or less Journal pages. 

This plan has been devised with a view to meeting 
the criticism frequently made, that the double publi¬ 
cation of all our material, first in the Journal and 
again in the Transactions, constitutes a very ineffi¬ 
cient use of our resources. Only one other engineering 
society of which we know duplicates its entire publi¬ 
cation in an annual volume, and that volume is 
pamphlet bound. Other societies issue annual volumes 
but very little of their contents has previously been 
printed in monthly publications. In no other society 
has double publication been carried to the extent to 
which it has been carried by the A. I. E. E.; and by 
avoiding this duplication, enough money will be con¬ 
served to go far towards publishing the increasing 
number of papers desired. 

It is highly desirable that this plan, or such modifica¬ 
tion of it as may be judged advisable, be adopted at an 
early date as the preparation of Volume 46 of the 
Transactions is being held in abeyance pending a 
decision on this subject, and the only alternative 
appears to be the omission of at least 200 pages of the 
material which has been accepted for this volume. The 
Publication Committee will welcome any suggestions 
from the membership leading to practical improve¬ 
ments in its plans, but such suggestions should be 
made very promptly so that the current work on the 
.Transactions shall be delayed as little as possible. 

These recommendations are published by the order 
of the Board of Directors so that comments from the 
membership may be received up to December first. 
Suggestions received prior to this date will receive full 
consideration of the Board in its final disposition of the 
matter in December. 
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part of the country, who may be able to give a brief 
t alk upon some topic of interest. For example, infor¬ 
mal talks upon any recent engineering developments 
in one part of the country, are invariably of interest to 
Institute Section members in' another territory. 

Sections located in the western part of the United 
States and Canada have frequently indicated their 
desire to know in advance of contemplated visits from 
eastern members, and to have brief.addresses from such 
members. If any member, planning a trip to a distant 
part of the country, will notify Institute headquarters 
in New York, the National Secretary will be glad to 
forward the information to the officers of the Sections 
in the territory to be visited, and otherwise assist in 
arranging visits which will prove to be profitable and 
interesting both to the visitor and the membership of 
the Sections concerned. 

In connection with a trip to attend the Pacific Coast 
Convention at Del Monte, I visited during August and 
September of this year, the Sections in Saskatchewan, 
Vancouver, Seattle, Portland, San Francisco, Los 
Angeles, Salt Lake City and Denver. Seme of these 
gatherings were in the nature of Section meetings; 
others, luncheon or' dinner meetings of executive and 
other committees; and still others were in the nature of 
joint meetings with other organizations of engineers. 
In every instance, evidence was found of continued and • 
increasing interest in the Institute’s activities and of the 


usefulness of the Institute to the individual members 
in numerous ways. I was impressed with the interest 
of the members in the work of the Institute and the 
value of the Section and District form of organization. 

I heartily appreciated the many courtesies extended 
to me by the officers of all of the Districts and Sections 
visited, and take this opportunity of urging upon 
members that they make similar visits whenever the 
opportunity affords. 

Bancroft Gherardi 
President, A. I. E. E. 
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Early Inventor Honored 

A tablet was recently erected at Williamstown, Vt., 
to the memory of Thomas Davenport, blacksmith and 
pioneer inventor of the electric motor. In 1834 he wai 
granted a patent, No. 132, for an electric motor which 
it is claimed, if it were in force today, would c 
every electric motor now in use. 
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An Instrument for Measuring Short-Circuit 

Torque 


BY G. W. 

• Associate, 

Synopsis. —The torque produced by a short circuit or other 
transient will produce a corresponding acceleration of the rotor. If 
the rotor is not connected to a load the acceleration of the rotor mil 
be directly proportional to the torque. A small instrument is 
described which can be attached to the end of the shaft of the machine 
to be tested. This instrument records the instantaneous acceleration 
of the rotor, the corresponding torque being calculated. The accelera¬ 
tion is measured by two separate methods. The first method gives 
points on an acceleration—time curve and the second gives a continu- 
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ous record of the torque. The acceleration is recorded on the oscillo¬ 
gram so that by using a six element oscillograph a simultaneous 
record can be obtained showing both the acceleration and the short- 
circuit currents. The mechanism for closing the short circuit at the 
desired point of the voltage wave and the method of checking the 
accuracy of the instrument are also described. A record from an 
actual short-circuit test is shown. The results of the tests will be 
discussed in a later paper. The instrument can also be used for 
measuring sudden shocks on motors and other rotating machinery. 


Introduction 

I N order to design .machines tb withstand all possible 
operating conditions and yet not waste material, 
it is necessary to know the magnitude of the greatest 
forces which may act on the machine under the worst 
possible conditions. At the instant of a short-circuit 
surge, or when synchronized out of phase, enormous 
forces may act on a machine. The end windings are 
inherently rather weak mechanically and usually these 
are the first parts to be injured by a short circuit. 
These failures are caused by local magnetic forces, but 
in a few instances, the resultant torque of the machine 
has caused failure. One of the first large vertical shaft 
generators of low reactance sheared off the foundation 
bolts and turned through a considerable angle. In 
another case, a 6000-kv-a. frequency changer set had 
the frame supporting foot broken .off and the holding 
down bolts stretched when the set was connected to the 
line out of phase. 

These failures show the enormous forces produced by 
short circuits and other transients. In order to make 
machines sufficiently strong to withstand these abuses 
to which they are frequently subjected and yet not 
waste material, the maximum torque which may be 
developed under abnormal conditions must be known. 
Because of its transient nature, this torque is very 
difficult to calculate or measure. Methods thus far 
developed for calculating short-circuit torque are 
rather questionable because the assumptions which 
must be made do not accurately represent the actual 
conditions. 

So far as the writer is aware, the only previous at¬ 
tempts to actually measure this torque have been by 
recording the oscillations of the rotor, using the torsio- 
graph or similar instrument giving a space—time curve 
of the movement of the rotor or by measuring the 
voltage generated by a small generator connected to the 

1, Power Engineering Dept., Westinghouse Elec. &;Mfg. Co. 
Presented at the Regional Meeting of District No. 1 of the 
A. I. E.E., Pittsfield, Mass., May 25-28, 1927. 


shaft of the machine short circuited 2 . The determina¬ 
tion of torque from a space—time record is very un¬ 
certain because the torque is proportional to the second 
derivative, i. e., curvature of the space—time record. As 
is discussed later, this is very unsatisfactory for this 
purpose. The measurement of the voltage generated 
by a small direct-connected generator is much better 
but this method requires taking the slope of the record 
which is n<3t entirely satisfactory. This paper outlines 
an analysis of the general problem of measuring torque 
produced by short circuits and other transient phenom¬ 
ena and describes the instrument which was 
developed. The instrument was designed to be at¬ 
tached to the end of the shaft of a machine and gives a 
record on the oscillogram of the instantaneous accelera¬ 
tion of the rotor which is proportional to the instan¬ 
taneous torque provided the machine is not connected 
to an external load. If it is desired to measure the 
torque developed when the machine is short circuited 
while running under load, the test must be arranged so 
that the torque developed by the machine short cir¬ 
cuited can be determined from the acceleration of its 
rotor and the known characteristics of the connected 
load or driving motor. The instrument was designed 
for the one purpose of measuring the acceleration of the 
rotor produced by a sudden pulsating torque. It was 
intended to give an accurate record of the first torque 
cycle and a fairly accurate record of succeeding torque 
cycles. It was designed for torque frequencies not 
exceeding 120 cycles and accelerations of 500 radians 
per sec. and above. It can be readjusted for measuring 
lower accelerations provided the frequency is reduced. 
In addition to studying short circuits, it may be useful 

2. The torque developed by a short circuit was measured by 
H. Rikli, (Bulletin Association Swisse des Electriciens Ho. 5, 
1925). He measured the voltage generated by the exciter which 
was operated on open circuit with its field supplied by storage, 
batteries. The torque was of course proportional to the rate of 
change of voltage. If the torque developed'had a sinusoidal 
form, it would be fairly easy to determine the rate of change of 
voltage, but with the irregular torque developed by a short 
circuit, it is very difficult to measure the peak acceleration. 
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for studying shocks on rolling mill equipment and to other methods of 

similar applications. measurement, to that in any method of measurement, 

Selection of Type of Instrument the flexibility of the instrument must be carefully 

There are many methods which might be used to cons jflered for any slight relative jnovement permitted 
measure the torque produced by a short circuit. Per- rQay resu ]t in very large errors.^ It is much easier to 
haps the most obvious method would be to mount the con ^ ro ] the natural frequency in a small instrument 
stator on trunions and attempt to measure the torque. w jfl c fl measures the acceleration of the rotor than in a 
This would require large, clumsy, and expensive ap- j ar g e device for measuring force, so that the small 
paratus, and since the torque is of a pulsating nature, it j ns trument should be more accurate and reliable as well 
would beextremely difficult,if not impossible, to measure as cheaper and more convenient, 
this torque accurately, for any known method of There are several possible methods of measuring the 

measuring such a large pulsating force would allow some accelerat i on 0 f the rotor. One method would be to 

motion of the stator and any such motion absorbs force 
in thd inertia reaction of the stator,' so that the torque 
measured would not be the samS as the actual torque 

developed. 

Another method of attack is to measure the effect on 
{he rotor. If the rotor is sufficiently rigid so that it 


obtain a space-—time curve showing the instantaneous 
position of the rotor as a function of time. The second 
derivative of this record (i. e., the curvature) would then 
give the acceleration. But in this method any vibration 
of the recording mechanism would indicate a torque 

.. . . which did not exist. In general, the tendency is to 

can be regarded as a single mass, the acceleration of the exaggera ^ e errors when a record must be differentiated 


rotor will be directly proportional to the torque applied 
i assuming that the rotor is not connected to any other 
device). This general scheme was adopted since it 
requires only a record of the acceleration of the rotor 
and therefore lends itself to a small instrument which 
may be readily attached to any machine. 

The pulsating nature of the torque produced by a 
short circuit is the major difficulty in measuring the 
torque accurately. For instance, if an attempt were 
made to measure the actual force acting on either the 
stator or the rotor a very slight movement would 
absorb a large force in the inertia reaction, resulting in a 
large error in the recorded force. For example, the 
stator of a representative 20,000-kv-a., 60-cycle genera¬ 


tor has a moment of inertia of 


2,600,000 


Then if 


this stator were mounted on trunions and perfectly free 
to move and if a sinusoidal torque of 60-cycle frequency 
and having a peak value equal to the normal torque of 
the machine were acting on the stator, the amplitude of 
the resulting movement would be only 0.00002 radians. 
At an 80-in. radius, the total movement (double am¬ 
plitude) would be only 0.0032 in. This movement of 
0.0032 in. assumes a sinusoidal torque whose average 
value is zero so that it has no tendency to produce 
continuous rotation and with the stator mounted on 
trunions, the only effect is to produce this torsional 
oscillation of 0.00004 radians total movement which 
absorbs the full pulsating torque in the inertia reaction 
of the stator. This is merely given as an example 
. of the enormous force required to produce a very s ma ll 
oscillation of a stator or rotor at 60-cycle frequency. 
If an attempt were made to measure the torque de¬ 
veloped during short circuit by measuring the force 
exerted by a stator mounted on trunions, it is evident 
from the above discussion that the allowable movement 
of the stator is very small. The problem is further 


A record of instantaneous speed could be obtained, 
but this would have to be differentiated to get the 
acceleration so that excessive accuracy would be re¬ 
quired in the speed—time record in order to obtain a 
reasonably accurate record of acceleration. Thus, to 
secure an accurate record as well as to save time in 
interpreting the record, the instrument should measure 
acceleration directly. 

The acceleration could be measured electrically by 
generating a voltage proportional to the rotor speed and 
impressing this voltage across a condenser. The 
charging current would then be proportional to the 
acceleration of the i;otor. This method is possible, but 
to secure sufficient current to give a reasonable deflec¬ 
tion on the oscillograph, the apparatus must be rather 
large or amplification must be used. There is con¬ 
siderable chance for error due to e. m. fs. induced by 
stray fields at the time of short circuit and by the varia¬ 
tion in drop across the brushes which must be used to 
collect the current. The most serious disadvantage is 
that it does not lend itself to a small instrument and the 
calibration is neither as convenient nor as accurate as 
in the device adopted. 

The general scheme of measuring the force required 
to drive a small flywheel is believed to be the most ac¬ 
curate method available for measuring the acceleration 
of the rotor. It is very convenient since it can be 
incorporated in a small instrument which can be at¬ 
tached directly to the shaft of a machine, and since it 
can be calibrated statically by applying a known torque 
to the flywheel, the corresponding acceleration being 
calculated from the moment of inertia of the flywheel. 

3. The torque transmitted to the foundation by a stator 
mounted with some flexibility is discussed by Mr. Soderberg in : 
an article published in the April, 1924 issue of the Electric 
Journal (p. 160). This article covers the steady state con¬ 
ditions. For a transient such as a short circuit, the solution is ■ 
much more complicated. 
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™ „ ^ Instrument . rubber with a brass insert 

The instrument decided on combines two separate is carried through the s 
devices for measuring the acceleration of the rotor, being entirely insulated fr 
The first merely gives eight points on the acceleration- When the instrument 
time curve and the sepond gives a continuous record of direction, the inertia reac 
t? 1 ® acceleration. These devices are in a single, very to open the contact but tl 
rigid casting which can be attached to the end of the closed until the acceWaf 


fo*/stance. co/Zs nrat/nted 
on /n.sJrament body. 


* IG. 1 ILLUSTRATION OF THE INSTRUMENT ATTACHED TO THE 

Shaft of a 100-Kv-a. Generator 

shaft of the machine to be tested. The acceleration is 
recorded o'n the oscillogram giving a simultaneous 
record of acceleration and of short-circuit current. 
Figs.l and 2 show two views of the instrument attached 
to a small 1200-rev. per min. alternator., 

The device which records points on the acceleration— 


Ml Top o-f 

r tJ contacts, f/temak 
flrn/Jtec/s ha ye 
coj tacrs on opposite, 
stde. of rns>trvmen-tl 


Dm/f/rn 


Fig. 2—Illustr. 


value corresponding to the spring setting. By using 
several flywheels with different spring settings an 
acceleration—time curve can be plotted. 

It is evident that at the instant when the contact 
pressure becomes zero, the contacts will start to separate 
very slowly at first and then more rapidly. If an 
appreciable separation of the contacts is required to 
break the circuit, a considerable time lag will be intro¬ 
duced. Fig. 5 shows the calculated rate of separation 
of contacts. It is evident that if a record of the instant 
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when the pressure becomes zero, can be obtained, 
the instrument is accurate, but if a separation of one 
1/1000 of an inch is required, a considerable error is 
introduced. A resistance is connected across the con¬ 
tact so that opening the contact will merely produce a 
slight decrease in current and by using a small current 
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Fig. 4—Cross-Section Showing Magnetic Accelerometer 

The instrument combines two independent devices for measuring ac¬ 
celeration. This is a cross-section showing the device which gives a 
continuous record of the acceleration.' ! The wiring diagram is shown above. 

and low voltage, and making the circuit as nearly non- 
inductive as possible, the contact separation required is 
reduced to a minimum. As described later, a calibra¬ 
tion test was made which showed that in this circuit a 
change in the current can be observed almost at the 
instant when the contact pressure becomes zero. 


Eight of these flywheels are mounted on the instru¬ 
ment shaft. Each flywheel is 5% in. in diameter and 
Vs in. thick at the hub, so that the axial space required 
is only three inch. The flywheels are connected in groups 
as shown in the wiring diagram £Fig. 3). In this way, 
several contacts are connected^ in series, each contact 
being shunted by a resistance. 'When any contact 
opens, there will be a certain decrease in the current. 
The values of resistance are chosen such that if the 
contacts open in the normal order, the steps in the 
current record will be approximately equal, but if they 
open in any other order, the steps will be unequal and 
the contact which opens can be determined from the 
value of resistance shunting the contact. In this way, 
a group of flywheels requires only one slip-ring and one 
oscillograph vibrator element. 

In this device there is considerable time lag in the 
closing of the contacts and severe chattering after they 
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Fig. 5 —Calculated Opening of Contacts 

• 

Full line shows the assumed sine-wave acceleration. 

The dotted line shows the acceleration that would be recorded if a contact 
separation or 0.0001 in. were required to give a perceptible change in 
current. Actual tests showed a negligible time lag indicating that for the 
circuit used, the contact separation required to give a perceptible change in 
current was very much less than 0.0001 in. 

close so that the record is of no value after the first 
torque cycle, but in a short circuit the main point of 
interest is the first torque cycle, so that for this purpose 
this instrument is very satisfactory. 

The device which gives a continuous record of the 
torque consists of a flywheel rim mounted from a rigid 
hub with spokes which are flexible in a tangential direc 
tion. Then when the instrument is given an angular 
acceleration, the inertia reaction of the flywheel rim 
will deflect the spokes producing a relative tangential 
movement between the flywheel rim and body of the 
instrument. A magnetic device measures this relative 
movement which is proportional to the acceleration. 
Fig. 4 is a cross-section of the instrument showing this 
device for giving a continuous record of the accelera¬ 
tion. The flywheel rim (a) carries a laminated arma 
time (b). Two sets of U-shaped laminations (c) are 
attached to the body of the instrument. Any relative 
tangential movement between the flywheel rim and 
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body of the instrument will increase one air-gap and 
decrease the other. Each set of U-shaped laminations 
carries a coil. The two coils are connected in a bridge 
circuit with a balance coil and oscillograph vibrator 
element as shown in the wiring diagram (Fig. 4). 
An 800-cycle e. m. f. is impressed across the coils. The 
balance coil can be adjusted to give approximately zero 
current for the neutral position of the armature. 



Fig. 6 Calibration of Magnetic Accelerometer 

Then any movement of the armature will decrease the 
inductance of one coil and increase that of the other, 
causing a current to flow in the oscillograph element! 
With negligible resistance, saturation, and leakage flux, 



Fig. 7—Scheme for Calibration Test 


The instrument rotates at a known velocity and a projection on the 
flange strikes the spring “if 2 ” at 0=0. ~ 


body of the instrument so that the acceleration of the 
flywheel rim will be the acceleration which it is desired 
to measure. This would require the measurement of 
force without permitting relative movement. Practi- 


jjjUwl 
gj 200 
iioooj 
600 
I 600 

a 

*1 

£ 200 
0, 




:z: 


0.002 0.004 0.006 

Time (Seconds) 


n 


0.008 0.010 


Fig. 8 Results of Calibration Test of Accelerometer 

The full line shows the acceleration calculated from the initial speed and 
sprmg characteristics. 

Points indicated by dot and circle ( 0) shows the acceleration as recorded 
by the magnetic device. • 

Points indicated by “x” are the points recorded by the disk flywheel 
contacts 



cally, it is sufficient to have the motion of the flywheel 
rim substantially the same as the motion of the instru- 
ment. The error corresponding to a given relative 
movement is discussed in Appendix I. 

In Appendix I, it is shown that to obtain a given 
accuracy a certain natural frequency of the flywheel is 
required, and for a given natural frequency and accelera¬ 
tion, the relative movement between the flywheel rim 
and the body of the instrument is fixed. If the error 
is to be small, the relative movement allowable is very 


Fig. 9 Oscillogram Showing Currents and Torque for 
Single-Phase Short Circuit 


the oscillograph current will be proportional to the 
movement of the armature. For the oscillograms 
shown in Fig. 9, the only attempt to balance the resis¬ 
tance was by constructing the resistances approximately 
equal. To reduce the initial current further, the resis¬ 
tance and reactance should be balanced separately. 

. In an ideal instrument, the motion of the flywheel 
rim should be exactly the same as the motion of the 


A— Terminal voltage 

B—Current through a group of contacts 

C—800-Cycle current—the magnetic record of acceleration. 

D—Field current 

E— Current in short-circuited phase , 

small. In this instrument, the natural frequency of the 
flywheel is 400 cycles per sec. so that for an acceleration 
of 1000 rad./sec. 2 which is a fairly high value of accelera¬ 
tion, the corresponding relative movement .between 
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flywheel rim and instrument body is only one-half mil. 

Since this one-half mil of relative movement is be¬ 
tween two parts rotating at high velocity and subject 
to severe vibrations at the instant of short circuit, very 
careful design is required to insure an accurate measure¬ 
ment. The instrument as constructed gives a 2-in. 
amplitude on the oscillogram for an armature motion 
of mil, or a magnification of 4000 times, fhis 
gites a very satisfactory method of measuring the 
acceleration of the rim since the relative movement is 
00 sma]l that the motion of the flywheel rim is 
, practically the same as the motion of the shaft. 

This 3 2 mil' of allowable movement does not 
mean that the absolute position of the flywheel rim 
mubt he located with any suc-Jj accuracy. It does 
reqmre however, that there be no relative move¬ 
ment permitted between the flywheel rim and body of 
fhe mstrument except the elastic tangential movement 
of the flywheel nm which is proportional to the accelera- 
ion To accomplish this, the flywheel rim is carried on 
flexible spokes so that the flywheel and body of the 
instrument behave as one piece of metal having the 
proper flexibility to permit a slight relative tangential 
movement, but with sufficient rigidity in other 
directions so that all other relative movements are 
neg lgible. The magnetic instrument must then mea 

"To r IatiV r t an f ntiaI —ement with :: 
curacy. To accomplish this, the air-gaps are set 

:"-s possible and the final balance obtained 
‘‘ the ba3a nce coil adjustment. Then a verv slio-Pt 
movement of the armature can give a verAJ^ hgbt 

graph deflection. ^ ar ^ e oscillo- 

A >i%nt torsional vibration nf fl, TTYT L i 
sometimes occur but wSi the p; 5 Af 1 nm wiI1 

of the flywheel (400 cvdeO tv ^ natural frequency 
Anguished fl Z other effStl S ^ be dis ' 

occur if there was a tooth m,i V enous troub le might 
having a frequency the « ^ AiA °^ ber disturbance 

of the flywheel For thiA^Ait f f quency 
able to change the natural frequency of the^ 16 t0 be 
It is also desirable to have a mean A? v nstrument - 
sensitivity of the instrument. Both of the 

are accomplished by the auxin*™ h * tb e objects 
4», .which give addiKnlw ^ 8pzv>ss (d in Kg. 
system. Each spring i<? ™ S ^ ffness to tbe flywheel 
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It is m arranged that th* • , to tbe flywheel nm. 
changed. p or the An ““ of j Wlre can be readily 
theatifihess required in a ,^A re . qulredy this gives 
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graph is a measure oTthAA recorded b Y tbe oseillo- 
**■» its neutral^Sln ™Z emeDt ° f the a ™^ure 
be zero in the neutral nositP,? 1S CWTent “ ad Jnsted to 
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satisfactory-. With negU^le SA k * mn ’ this is 
'egngmie resistance, saturation 


)R MEASURING SHORT-CIRCUIT TORQUE 

and leakage flux, the amplitude of the current recorded 
should be proportional to the movement of the arma¬ 
ture. The instrument used can be set to give a slight 
initial deflection and a straight line characteristic in 
one direction, but not quite .a straight line characteristic 
in the reverse direction. In this ease, the main point 
of interest is the first torque peak, so that this adjust¬ 
ment was used. Fig. 6, shows a calibration curve for 
the instrument. The' magnification can be increased 
by increasing the voltage applied to the instrument. 

Method op Calibrating the Instruments 
The moment of inertia of each flywheel can easily be 
determined so that the torque corresponding to a given 
acceleration can be calculated. To calibrate the disk 
flywheel springs, a torque is applied to the flywheel 
nm using a spring balance. The torque is gradually 

" r ntl the < r on;tact °P ens as shown by watching 
the deflection m the oscillograph. Each spring can 
then be adjusted to give the desired value of torque 
required to open the contact. 1 

tJ7 raC ? e ’ the SpringS are ad J usted roughly to cover 
the desired range and the torque required to open each 

£!££?”* md “ - lhe 

.s tr continu °f 

weights from the flywheel rim and m / scale 

respondingdeflectioLntheSfo^TZwtS 

“ «*■«• / he meth ° d 
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slip-rings and C ° ntaCt dro P at 
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of a slight change in contLA Clrcuit : Tb e effect 
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change in phase^IntTu WU1 result « • 
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shift the zero line and no! In f l current wib merely 
800-cycle recordf so 1f the am P ! tude of the 
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lateral vibration at the instint o!^ considerab Ie 
does not produce angular ac!el f Sb ° rt circuit - but this 
balanced flywheel. acceI eration m an accurately 
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test was made in which a sine-wave acceleration of 
known frequency and magnitude was imparted to the 
instrument by rotating the instrument and allowing a 
spring to engage with a projection on the periphery of 
the instrument. This method is discussed in Appendix 
II. Fig.. 8 shows the agreement between the calculated 
acceleration and the ^acceleration as measured by the 
instrument. The agreement between the records was 
considered very close for measusements of this kind. 

Closing the Short Circuit 
The torque developed by a short circuit varies with 
the point of the voltage wave at which the short circuit 
occurs. In order to measure the maximum possible 
torque, it is necessary to close the circuit at the proper 
point of the voltage wave. To accomplish this, a 
switch is arranged to be tripped at a given position 
of the rotor. The switch is designed to close quickly 

( 1/100 of a sec.) so that a small percentage of variation in 

the time required for the switch to close will give only 
a very small error in the time at which the switch closes. 
The position of the rotor at which the switch is tripped 
is adjustable. In making a test, one short circuit 
must be made with a known setting of the tripping 
mechanism. The point at which the switch is closed is 
noted on the oscillogram and the tripping device set 
ahead or back the required number of degrees to close 
the switch at the desired point of the voltage wave. 

The switch shown in Fig. 1 was improvised using an 
ordinary knife switch. It is closed by very heavy 
springs and has a rubber bumper to absorb the shock 
at closing.. The tripping device consists of a projec¬ 
tion on the flange of the shaft coupling which engages 
with a very light phosphor bronze.dog. This phosphor 
bronze dog can be moiled in an arc of a circle to engage 
at the desired position of the rotor. This arc is gradu¬ 
ated in degrees to facilitate setting th? dog. This 
device can be seen at the bottom of Figs. 1 and 2. The 
dog is made as light as possible and is connected to the 
catch of the switch by a piece of small piano wire. 
These parts are very light, for if heavy, they would 
cause a serious jar of the instrument at the instant 
of short circuit which might destroy the accuracy of the 
record. A certain amount of flexibility is also essential 
to prevent breaking the parts due to the high speed at 
which they engage. 

.This device can be depended upon to close the circuit 
with less than 10 deg. variation from the desired posi¬ 
tion of the voltage wave, which is less than one-half 
thousandth of a second error. Prior to closing the ; 
short circuit, a piece of small fuse wire holds the phos¬ 
phor bronze dog sidewise in a position where it will not 
engage with the rotating projection. A hand operated • 
switch is used to start the oscillograph. This switch : 
also connects 110-volts, d-c. power, directly across this : 
small fuse wire, blowing the fuse and releasing the dog. 
Then as soon as the rotor reaches the proper position, < 
the main switch will be tripped closing the circuit at the 
desired point of the voltage wave. In this way, closing 


the circuit and taking the record are controlled auto¬ 
matically so that all the operator has to do to take a 
record is to close a small instrument switch. 

Conclusion 

Some tests have been made and these have shown 
remarkable agreement between the two separate 
methods of recording the torque. This fact, together 
with the calibration test, shows quite conclusively that 
the instrument is very accurate. Fig. 9 shows an 
oscillogram taken of a short circuit, the circuit being 
closed slightly off zero voltage.- The armature current 
and acceleration of the rotor are recorded simultane¬ 
ously. Fig. 10 shows the torque developed by a single- 


| Time |(Second's) 
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Fig. 10— 1 Torque—'Time-Curve foe a Single-Phase Short 
Circuit 

Points shown by dot and circle (©) show acceleration as recorded by 
opening of contacts 

Points indicated by cross “ show acceleration recorded by magnetic 
instrument (peaks of 800-cycle current) 

phase short circuit. A discussion of the results of the 
tests will be given in a later paper. 

The means of measurement used are old devices, 
merely redesigned and combined for the partic ular 
purpose desired. The idea of measuring linear accelera¬ 
tion by a mass held against a contact by a spring has 
been used frequently, and its adaptation to angular 
acceleration was suggested by Mr. Soderberg several 
years ago. - * 

The idea of measuring small movements by the 
variation in inductance resulting from the change in 
air-gap has been used in many instruments and experi¬ 
ments. The magnetic device used for measuring the 
movement of the flywheel rim in this instrument was 
copied from an instrument built four years ago by 
Mr. J. G. Ritter, for measuring railway track stresses. 

The author is indebted to many men in the Westing- 
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Appendix I factor f ---- ] Q „ tw r. 1 i 

In measuring the acceleration of a rotor by measuring L 1 - (~Y | • 7~T^Y repre * 

5® ; ^^reqmredtodriveasmaH flywheel, S3 1 "" L 1 ~ ' J 

since anvT 7 the same motion as the shaft, but sents a fundamental ecror in this method of 
since any known device for recording the instantaneous method of measure- 

^ Let : . . smaller will be the error Tf - a _ w ,, 

a * - Acceleration of flywheel in rad./sec. 2 ' oj c y ^’ the measured 

r = Relatvf!Znfl r ° t0r ° f maChine “ rad ’/ sec - 2 Va l Ue WiH be P er ^nt high. 

• flywheel. ^ mmmmt between rotOT for te» beT/'l device for continuously recording 
« - Spring constant of device driving flywheel as measuring thedeft eakTZ toT ™* a " d 

d - fea rr:& f 

■ “fl^r acceiera,ion bet «” ■*« and •^Lr~?^rrzr t b b e: 


The smaller the value of can be made, the 


smaller will be the error. 


Mr the measured 


value will be 634 per cent high. 

fn mechanical device for continuously recording 

aameas^iT^i^ 

tTe » h ;, S fle ? ility ' Thm if ** v*tft"s L a ed W w 

measured^the^n 1 '" and 'lr glTCn accel «ation must be 
f corres P°ndmg relative movement V>p 

tween rotor and instrument flywheel is fixed. 

I or, from equation (2) 

K 5 = la. 


Then assume that 
Then 


= A sin co t 


where 


dP + w ‘ 2 = “c 2 A sin co f Using equation (5) rad,/sec ’ 2 Wlth accuracy. 

where 1000 

’ r~g- (400~x 2 7 r) 2 = 0-00016 radian 

Tius gives 1 

accuracy 1 ““ must be able to measure S 

= Cl cos “'t + C 2 sin co c t +-I_ a . accurately but ^t'canlot^ 11 m ° vement to measure 

1 _ ( co V A Sln » * ing the Se ofV^TnT 6 I nCreaSed ^at increas 

^/ considered above. 6 “ ° r the fund a^ntal error 

( 4 ) 1 

In this solution f A--—~ sin 1 1 ^ faCt ° r ° f err0r ' TITY 2 derived above applies 

[ ~l_/ co \ sm “ 1 represents 1- [~J 

the steady state condition and Ucos co c 1 + C 2 sin co c 1 no7 

y e same, but the error will still be 


Thjis gives 

«f = Ci cos co c t + C 2 sin co c t -f --— _ . . 

1 - ^ co j 2 A sm « < 


In this solution f A 


sin co t represents 
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function of the ratio of the acceleration frequency to the * __ 

nato-al frequency of the instrument and the factor ment, which is from t-OzoJ El 
derived above will give a good approximation to the ° V r„ 


natural frequency of the instrument and "the factor 
derived above will give a good approximation to the 
magnitude of the error to be expected. 

Appendix II 

As has been mentioned, the method used to calibrate 
the instrument was to rotate it at a known speed, but 
running free, and let a projection on the flange strike a 
very light, stiff spring. To rotate the instrument, it is 
mounted in a lathe but instead of driving it by a lathe 
dog a string is used having just sufficient strength to 
overcome friction. Then when the projection on the 
flange strikes the spring, the string breaks, allowing the 
instrument to move under the influence of the spring 
force and its own inertia. As shown below, this imparts 
a sinusoidal acceleration to the instrument. 

Assumptions and symbols: . 

Friction negligible 
Mass of spring negligible 
Initial velocity = co 0 
0 = Angular position of instrument 

I 2 = Moment of inertia of instrument 
Kn = Spring constant (inch pounds per radian) of the 
spring used to stop the instrument 
t = time/ 

At t = Othe projection of the flange of the instru¬ 
ment strikes the spring. 

Then 


7 r. Or in 


A cos 


d 2 9 




dt 2 

■ + k 2 e = 

0 

(5) 

1 k 3 

* h 

t + B sin i 

JA- 

( 6 ) 


Where A and B are constants of integration. 
Uj A d* 9 

Att - 0, ^ £ 2 = 0 so that A = 0 


so that A = 0 


At t = 0, - 
This gives 


- ccoyj 


Then the acceleration of the instrument is 

if 


This equation holds only during the time when the 
spnng is in contact with the projection on the instru- 


other words the sinusoidal acceleration continues for 
only one-half a cycle. • 

From this it is evident that the acceleration imparted 
to the instrument in this manner has a frequency deter¬ 
mined by the inertia of the instrument and the stiffness 
of the spring used. This frequency used for checking 
the instrument should be approximately the same as 
the frequency which the instrument is to measure. 
For any given frequency the magnitude of the accelera¬ 
tion is determined by the initial speed of rotation. 

A piece of piano wire in tension was used for the 
spring. This gave a.very light spring combined with 
the required high spring constant. 

Fig. 7 shows the schematic arrangement for the test 
Fig. 8 shows a plot of the results of this test as com- 
pared to the calculated acceleration. The agreement 
between calculated and test results is within the ac¬ 
curacy with which the oscillogram could be read. 
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ELECTRIC DISCHARGES FOR 
PETROLEUM PRODUCTION 

Many manifestations of the potency of electricity 
in industrial production processes have been had and 
the end is not yet. A threshold type of experiment 
with numerous industrial possibilities was recently de¬ 
scribed before the American Electrochemical Society by 
Drs. Lind and Gloekler. Previous experiments of Dr. 
Lind with radon emanations acting on ethane or other 
hydrocarbon gases showed that ionization resulted, oite 
part of which brought about condensation and the for¬ 
mation of an oil. He then conceived the possibility of 
applying silent electrical discharges to the gases in the 
hope that similar results would occur. In the experi¬ 
ments made electric fields were used instead of radio-, 
active materials, and the results were very indicative of* 
the occurrence of similar reactions. It is a far cry from 
these experiments to their commercial application/but a 
threshold experiment of this type will be carried much 
further under economic urge.— Elec. World. 
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Synopsis.— This paper considers the instability which sometimes 
occurs in banks of transformers supplying a capacity load 
when certain harmonics in the primary current are sup¬ 
pressed, either by the type of transformer connections or by 
a resonant circuit in series with the primary of the trans¬ 
former, and the similarity between the several unstable circuits is 
;pointed out. 

Curves showing the triple-frequency voltage distortion as a 
function of the capacity load have been included for two of the un¬ 


stable circuits. For one case, oscillograms taken during the 
instability are shown. 

An explanation, substantiated by actual analyses, has been 
brought forward for the simplest unstable circuit, consisting of three 
branches connected in Y across a three-phase line with balanced, 
sinusoidal line voltages, wit\ the neutral unconnected, each branch of 
the Y consisting of an iron-cored reactance in parallel with a capacity. 
This explanation is extended to the other cases, two with experiment 
evidence as justification, and the third by analogy only. 


* Introduction 

I N 1915 Mr. L. N. Robinson published a paper 2 con¬ 
cerning the unstable condition which snmrtimoc 


■ . A C-UU- 

JL cernmg the unstable condition which sometimes 
. occurs when a Y-connected capacity load is supplied 
by a Y-Y-connected transformer bank with the secon¬ 
dary neutral closed but the primary neutral open. The 
phenomenon was evidently closely associated with the 
voltage distortion which occurs with this and similar 
transformer connections, and which has been studied by 
many investigators 3 . . No very satisfactory explanation 
of this unstable condition, however, has ever been ad¬ 
vanced so far as the author knows, and the principal 
object of this paper is to advance an explanation sub¬ 
stantiated by considerable analytical proof and ex¬ 
perimental observation. 

Mr. Robinson suggested that the instability might be 
due to a “reversing transformer leg,” but this theory has 
been disproved by oscillograms which show tha t the 
line voltages and currents are balanced during some of 
the unstable conditions, and by hysteresis loops ob¬ 
served during instability, which were found to remain 

symmetrical with respect to the two axes. 

Mr. R. P Shaw investigated this phenomenon 4 
and took oscillograms and very complete data through¬ 
out both the stable and the unstable ranges of line 
voltage and capacity load. He also investigated a 
quite similar case of voltage distortion and instability 
which occurs when a capacity is inserted in the delta 
of a Y-delta-connected bank of transformers, primary 
neutral open. Two of his curves showing the third 
harmonic induced voltage as a function of the capacity 
load have been included in this paper. 

Experimental Work 

, Three identical transformers, each of lJ4-kv-a 
rating at 100 volts, 60 cycles, the ratio of transforma- 

i&E&SKt D,pt ' 01 Kect:Kw ' M *“- I «-»' 

2. Tbans. a. I. E. E., 1915, p. 2183 
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LTb * 1922 ' 5 - 35 ‘- °- G - *»*»*■ 

4. M. I. T. thesis, 1924, Investigation of the Triple Freauenev 
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tion being unity, were connected Y-Y to supply a Y- 
conneeted, balanced capacity load of 12.5 y/per phase. 

The secondary neutral was closed while the primary 
neutral was open. The transformers were supplied by 
a o-kv-a., 60-cycle alternator of very good wave form 
for balanced loads, direct-connected to an 8-h. p., 
d-c. motor. Under these conditions, the transformers, 
emitted “grunts” or “beats” which sounded like a* 
solid body, such as a wooden mallet, striking the lamina¬ 
tions, and all the meters with the exception of the line 
voltmeter oscillated badly. The line voltage wan 
about 200 volts, as indicated by a dynamometer type 
meter, and oscillated but slightly, as the change in 
load over a beat had but little effect upon the terminal 
voltage of the alternator. * 

This instability persisted with a wide range of capacity 
loads. Mr. Shaw, who worked with the same appara¬ 
tus, records instability with a capacity load of as high 
a f £9. Per phase. With any given line voltage, 
stability would occur with either a very high or a very 
ca P ac ity, the maximum values of capacity 
which would produce instability being increased as the 
voltage was increased. 

The instability was not due to the alternator supply¬ 
ing the transformers, as was proved by Mr. Shaw by 
connecting them to a large alternator, and also by taking 
oscillograms of the alternator field current, which was 
found to be perfectly regular. Mr. Robinson had also 
noted this instability under conditions differing widely 
enough to indicate that it was not due to the power 
source. 

Fig. 1, taken from Shaw’s work, shows the variation 
of third-harmonic induced voltage with the size of the 
capacity load, throughout the lower, stable range of 
capacity and part of the unstable range, where measure¬ 
ments were possible. These. voltage readings were 
taken with a thermocouple heater element, in series 
with a high resistance, inserted in one corner of a delta 
ormed with an auxiliary winding on each transformer, 
as shown in Fig. 2. Multiples of the third harmonic 
appeared in this voltage also, but they were small, f 
as indicated by analyses of the wave form. f 

Mr. Shaw also experimented with a quite similar i, 
unstable condition produced by connecting the pri- f 

d ' i 
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Nov. 1927 


GOULD: INSTABILITY IN •TRANSFORMER BANKS 


maries of the transformers as before, in Y with the 
neutral unconnected, and the secondaries in delta, 
with a capacity inserted in one corner of this delta as 
shown in Fig. 3. The third-harmonic induced voltage 
was measured across one corner of an auxiliary delta as 
before. As was to be expected, the capacity necessary 
to produce instability in this latter case was about one- 
third that in the Y-Y connection, as the third-harmonic 
voltages induced in the secondary windings add up 
directly to make the voltage across the capacity three 



• 

transformer banks was due to the suppression of the 
third harmonic and its multiples in the primary current, 
it was conceived that .by means of a series filter, 
the partial suppression of the harmonics in the primary 
current of a single-phase transformer supplying a 
capacity load might produce an unstable condition. 




Fig. 3 

Accordingly a circuit was set up as shown in’Fig. 7 
the transformer being one of those used in the three- 
phase case. The filter circuit consisted of a capacity 
in series with two identical air-core inductances which 
were mounted so that the mutual inductance between 


Fig. 1 


times the third-harmonic phase voltage. Fig. 4, due 
to Mr. Shaw, shows the third-harmonic phase voltage as 
a function of the capacity inserted in the delta, and is 
similar to Fig. 1 except that the capacity has been re¬ 
duced to about one-third its previous value. Mr. Shaw 
records thart the instability commenced in the Y-delta- 
delta case with a capacity of from 2 to 4 y/., which 
corresponds to from 6 to 12 y/. pe'r phase in the Y-Y- 
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Fig. 4 



Fig. 2 


delta connection. That the Y—Y connection and the 
Y-delta connections are essentially the same so far as the 
third harmonic and its multiples are concerned is evi¬ 
dent from a comparison of Figs. 5 and 6, which represent 
the same circuit except that in Fig. 6 the leakage re¬ 
actances of the transformer windings have been 
neglected. 

As the removal of the primary neutral connection 
produced instability in an otherwise stable circuit, it 
seemed evident that the instability must be due to the 
third harmonic and its multiples, introduced by the 
varying permeability of the iron cores of the transform¬ 
ers. The existence of the Y-delta instability confirms 
this hypothesis. 

As it was well established that the unstable condition 
which sometimes occurred in some star-connected 


them could be varied. This filter circuit was ad¬ 
justed for resonance at 60 cycles, the combined impe¬ 
dance being 12 ohms, while the capacity and the in¬ 
ductance each had an impedance of 203 ohms at 60 
cycles. 

With this arrangement, with 110 volts at 60 cycles 



Fig. 5 


impressed upon the circuit and with a capacity of 
13.5 y /. placed across the secondary of the transformer, 
the circuit was found to be distinctly unstable, even 
worse than the three-phase case, although the two insta¬ 
bilities were quite similar. This single-phase instability 
occurred over a considerable range of capacity^either 
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side of 13.5 nf., but the beats seemed most violent at' 
about this value of capacity. A great enough change of 
capacity in either direction would produce stability, 
the voltages and currents at the stable condition with 
high values of capacity being low, as in the three-phase 
case. By changing conditions, such as the voltage, fre¬ 
quency, or capacity load, the beats could be varied 
continuously from less than one per sec. to so many tha*t 
nothing could be heard but a hum. In general, the 
beats were more violent the longer they were. 

The beats were adjusted to about five per sec., so 


To -three- 
phase supply* 


removing all ' 

I but mu If i pies of 
The Third harmonic. 


Fig. 6 

that each one included about 12 cycles, and simul¬ 
taneous oscillograms long enough to show the wave 

9 LmL° Ve ^ a O complete beat were taken - These are 
shown m Fig. 8. The oscillations were not very violent 
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with no success, as the point of light traversed a given 
path but once, and was too faint to record this path. 

?! ?! p ! tbro ^ n upon the screen brought out one 
fact that the loops increase and decrease in size 

but they always remain symmetrical with respect to 
the two axes. • 

It seemed possible that the unstable condition might 
not depend upon leakage reactance of the transformer 
windings, so a switch was arranged to shift the capacity 
secondary to the primary, as shown in 
■t ig. i A. The unstable condition was established, and 
the capacity suddenly switched from the secondary 
to the primary of the transformer. No change could be 
detected m the frequency or violence of the beats. 
Thus it was proved that leakage reactance of the trans- 

ormer windings is not a contributing cause of the 
instability. 

In view of the fact that the single-phase instability 






Fig. 7 



Fig. 7-a 

m this case hut a beat of longer period was not used 
because of the length of film required. It will be noted 

cycles^ b$at d06S n0t indUde “ integral nu mber of 

By means of the two-dimensional oscillograph 5 an 
examination of the hysteresis loops of the transformer 
during instability was made. The hysteresis loops 
could be thrown upon a ground glass screen and viewed 
very well indeed. An attempt was made to photograph 
the senes of loops during the unstable condition, but 

5. E. L. Bowles, Discussion, Thans. A. I. E. E. 1923, p. 346. 


Fig. 8 

# 

A. Primary current 

B. ^ Primary voltage 

C. * Induced voltage 

D. Secondary voltage 

E. Secondary current. 

* 

occurred with the capacity across the primary of the 

condi?? 1- ’ t S6emed probable tha t the unstable 
ea d ° CCUr lf - an iron ' cored reactance and a 

and th 7 ° u proper size were connected in parallel, 
,, d th , e sucb branches were connected in Y across a 
ree-pha^ fine of the proper voltage, the neutral 

former^ CO d ni K? ed ' Accordin g Iy > the three trans- 

nemrTl n d be ? e W6re connected in Y, the primary 
neutral open, and with a capacity of about 12.5 jj, /. 

parallel with each primary, as shown in Fig. 9. 

sun^rSrr Was , c0nnected across a three-phase 
supply w!th a line voltage of 200 volts, at 60 cycles, 

and distinct beats occurred in each transformer, just as 

of thetraSformel M aCr ° SS the 

Explanation of Instability 
p? q be circuits found to be unstable, the one shown in 
mulbL??f analyzed - as nothing but odd 

voltage unde 6 ?i d barmonic can appear in the phase 
ancerf .■ d ,, stable conditions with sinusoidal, bal- 
e vo tages, and the third harmonic and its 
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multiples in the exciting current must be equal in m&gni- 
tude and opposite in phase to the respective harmonic 
currents through the capacity. All multiples of the 
third harmonic above the third itself seemed, from 
actual analyses, to.be comparatively small and hence 
were neglected. Tlje effect of the third harmonic 
in the phase voltage upon the third-harmonic exciting 
current was determined as follows. 

A fundamental flux density’of 10.2 kilogausses was 
assumed, corresponding to a fundamental (60-cycle) 
phase voltage of 100 volts. Various amounts of 



Fig. 9 


third harmonic were introduced “in phase” with the 
fundamental; that is, so that the resultant flux wave was 
of the form, A sin w t + B sin 3 w t, and the resultant 
flux wave was drawn. This was done with the third- 
harmonic flux from 12 per cent to 60 per cent of the 
fundamental. From Mr. P. A. Blackwell’s series of 
hysteresis loops 6 for one of the transformers, the 
magnetization curve was drawn as shown in Fig. 11. 
From this curve, the exciting current corresponding to 
each resultant flux wave was determined, and each of 
these was analyzed for the third-harmonic current. 

When the third-harmonic flux was “in phase” with 



Fig. io 


the fundamental flux, the resultant flux wave was, of 
course, always symmetrical with respect to the 90-deg. 
(fundamental scale) ordinate. As there is only one 
value of current corresponding to each value of flux 
density, using the magnetization curve, the exciting 
current was symmetrical, also, with respect to the 
90-deg. ordinate. Thus no cosine component of the 
third harm onic could appear in the exciting current; 

6. M. I. T. thesis, 1924, Unstable Effect in Three-Phase 
Iransformer Bank with Capacity Load. 


• 

in other words the third-harmonic current is in phase 
with the third-harmonic flux. From Fig. 10, it will be 
seen that this is a condition which must be fulfilled if the 
third-harmonic exciting current, I h is to be in phase 
opposition to the current through' the capacity. In 
Fig. 10, </> 3 is the third-harmonic flux which produces the 
induced voltage Eg, while V s is the third-harmonic 
impressed voltage which causes the current J 3c to 
flow through the capacity. The resistance and leakage 
reactance of the transformer winding are neglected. 

Thus it will be seen that the phase relation of the 
third-harmonic exciting current remains correct if the. 
magnetization curve is used. Moreover, the third- 
harmonic exciting current increases more .rapidly 
than the third-harnjonic current through the capacity, 
after the maximum flux density becomes high, so that 
the two will become equal in magnitude. Hence the 
saturation curve cannot produce instability by making 
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it impossible for the two third-harmonic currents to 
become equal in magnitude and opposite in phase. 

As the use of the saturation curve would not indicate 
instability, the exciting current was determined from the 
hysteresis loops shown in Fig. 11 and taken by Mr. P. 
A. Blackwell for one of the transformers. For any 
desired maximum flux density, a loop similar in shape to 
the ones shown was interpolated It was assumed that 
each secondary hysteresis loop was thin enough to 
practically coincide with the portion of the main hyster- 
esis loop where it started. Loops taken by Mr.,W. 
M. Gilman 7 indicate that this assumption introduces 
but little error. 

The third-harmonic flux density was varied, in steps 
of 12 per cent, from zero to 60 per cent of the funda¬ 
mental flux density, as before, but each value of third 
harmonic flux density was introduced at 20-deg. (funda¬ 
mental scale) intervals. The resulting exciting current 
waves were analyzed for the third harmonic by means of 

7. M. I. T. thesis, 1925, Quantitative Analysis of Transformer 
Harmonics. 






Fig. 13 

sented /• against <£ a for a capacity of 6.5 nf. gave 
valuw of <pi and &» at which the magnitude of the third- 
harmonic exciting current was correct for this value of 
capacity. These values of *, and were plotted 
as shown m Fig . 15, curve I. 

[ The an gle, d n , by which the third-harmonic current 
lags the fundamental flux (that is, the fundamental 

8. F. S. Dellenbaugh, Jr., A. I.E. E. Jove., Jan. 1923. p. 58. 


line through the origin and with a slope of unity gave, 
values of <£ 3 and 0 3 * at which the phase of the third- 
harmonic exciting current was correct. The locus ol 
the point at which the phase was correct is shown ii 
Fig. 15, Curve 2. 

It should be noted that the part of Curve 2 which lies 
at 0*, equal to about 117 deg., is actually discontinuous 
downward, stopping at a value of <j> 3 somewhere between 
, P er cen ^ f n< i 24 per cent. The portion between 
these two points is shown dotted, as it is not know 
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, which was quite satisfactory * 
cyclic length as long as was used, 
Fig. 12 shows a sample wave, the third- 
flux being 48 per cent of the fundamental, 
and introduced so that the resultant flux wave was of the 
form, [A sin wt + 0.48 A sin 8 (w t + 20°)]. 

The magnitude of the third-harmonic exciting 
current, I s , was plotted against the third-harmonic 
flux, <pi, for given angular displacements between the 
fundamental and the third-harmonic fluxes, as shown in 
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angle by which zero point of the third-harmonic curren 
lags the zero point of the fundamental flux, both zero 
points being those at which the slope is positive), for 
constant values of third-harmonic flux, was plotted 
against the lag of the third-harmonic flux behind the 
fundamental flux shown in Fig. 14. As this third 


Fig. 14 


Fig. 12 

Fig. 13. This angle, which we shall call 0 3 *, is the 
fundamental angle by which the zero point of the third- 
harmonic flux wave lags the zero point of the funda¬ 
mental flux wave, both zero points being those at which 
the slope is positive. Thus the flux wave is expressed 
as A sin w t -f B sin 3 ( w t + 6&,). The intersections 
of the curves of It against d> 3 with a line which repre¬ 


harmonic current must be in phase with the third- 
harmonic flux in order to be in phase opposition to 
the ' third-harmonic current through the capacity, 
the angles 0 3 i and 6 3 <t> must be the same so that the 
intersections of the curves of Fig. 14 with a straight 
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exactly where the curve stops. For each value of 
03 below 12 per cent, there is only one value of 6^ 
at which the phase of I 3 is correct. Also, it should be 
noted that the “phase correct” curve at 0 & equal to 
about 60 deg. approaches 61 deg. as a limit, 6^ at 0 3 
equal to zero being indeterminate. 

It will be seen from Fig. 13 that the magnitude of 
the third-harmonic exciting current is never correct 
for values of 0^ between 48 deg .'and 72 deg., as all the 
/ 3 - 03 curves for this range of 0 3 «, lie entirely above the 
straight line which is drawn for the 6.5-uf. condenser. 
As this straight line is tangent to the curve for 0 3 <* 
equal to 48 deg., the left-hand “magnitude correct” 
curve becomes vertical at this value of 0 3 *, and for 
increasing values of 0 3 , 0 3 * will decrease. Similarly, 
the right-hand “magnitude correct” curve becomes 
vertical at some value of 0 3 « greater than 72 deg., 
and for increasing values of 0 3 , 6 34 , increases. The 
dotted line added to the “magnitude correct” curve is to 
show that it is definitely known that the curve never 
crosses a vertical line erected at 6^ equal .to 72 deg. 

Thus, in Fig. 15, there is no intersection between the 
“magnitude correct” and the “phase correct” curves, 
which means that with a fundamental phase voltage of 
100 volts and a capacity of 6.5 n /. per phase, the magni¬ 
tude and phase of the third-harmonic exciting current 
never become correct at the same time, at least over 
the range of third-harmonic voltage considered; that is, 
up to about 150 per cent of the fundamental. This 
seems a reasonable cause of the instability, as under 
stable conditions the third-harmonic exciting current 
and the third-harmonic current through the capacity 
must be equal in magnitude and opposite in phase. 

It would seem probable that with higher values of 
third-harmonic voltage, no intersection of the “magni¬ 
tude correct” and “phase correct” curves Would occur. 

In Fig. 13, it looks as though the straight line for 
6.5-nf. capacity would not intersect the I 3 - 0 3 curves 
for 0 3 0 near 120 deg., which would mean that no 
intersection would occur along the “phase correct” 
curve near 0 3 ^ equal to 120 deg. Moreover, analyses 
of oscillograms and Mr. Shaw’s measurements have 
not shown a third-harmonic voltage so great as 150 
per cent of the fundamental for this value of capacity. 

If, in Fig. 13, the straight line is given a greater slope, 
—that is, the capacity is increased far enough,—this 
line will intersect the / 3 — 0 3 curves corresponding to 0 3 * 
in the range about 60 deg., and hence an intersection of 
the magnitude correct” and the “phase correct” 
curves would occur along the “phase correct” curve 
near 0 3 0 equal to 60 deg. Moreover, no matter how 
much more the capacity is increased, there will always 
be an intersection in Fig. 15, with 0 W near 60 deg., and 
hence always a stable point. 

If the capacity is decreased far enough, the / 3 — 0 3 
line for the capacity, in Fig. 13, will intersect the J 3 — 0 3 
curves for 0 iv near 117 deg., at values of 0 3 great 
enough to produce an intersection of the “phase correct” 
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dnd “magnitude correct” curves near 0 3 * equal to 120 
deg. At very low values of capacity, the straight 
me, Fig. 13, becomes tangent to the curves for 0 3 «i 
equal to 120 deg., and of course for smaller capacities 
than this, the magnitude never becomes correct, 
according to the curves. For such a small capacity, 
however, higher multiples of the third harmonic may 
have appreciable effect upon the third-harmonic ex¬ 
citing current, or there may be instability which, 
due to the small current through the capacity, is 
unnoticeable. 

According to the analysis described above, there 
appears to be a wide range of capacity at which the 
unstable condition occurs, although an insufficient 
number of J 3 - 0 3 curves have been plotted to determine 
the limits of this range of capacity. Experimentally 
it was found that 8.5 /if. per phase would produce 
instability, the fundamental phase voltage being 100 
volts at 60 cycles, while with four fxf. per phase no 
instability could be detected. Lack of suitable capacity 
prevented more accurate determination of the range of 
instability. According to the curves of Figs. 13 and 15, 
it seems likely that instability would occur at four 
M/-, which indicates that the lower limit of capacity 
which will‘produce instability is actually greater than 
that indicated by this analysis, due possibly to the 
stabilizing effect which is possible by the introduction of 
odd multiples of the third harmonic in the phase voltage. 

As the, circuit analyzed is equivalent to a Y-Y-con- 
neeted transformer bank supplying a Y-connected 
capacity load, with the secondary neutral closed but 
with the primary neutral open, neglecting the leakage 
reactances of the transformer windings, and as ex¬ 
periment has shown that the instability is essentially 
unchanged by switching the capacity load from the 
primary to the secondary, (taking due account of the 
ratio of transformation), the above explanation should 
apply to this latter type of circuit also. Moreover, 
as the circuit analyzed is equivalent, so far as the 
third harmonic and its multiples are concerned, to 
a Y-delta-connected bank of transformers with a 
capacity inserted in one corner of the delta, and with 
no primary neutral, again neglecting the leakage re¬ 
actances of the transformer windings, the above ex¬ 
planation seems valid in this case also. Figs. 5 and 6 
illustrate the similarity of the circuit analyzed and the • 
above ?/-delta connection. 

Results and Conclusions 

1. An unstable condition, quite similar to The one 
which may occur in some star-connected transformer 
banks, may be produced with a single-phase trans¬ 
former supplying a capacity load, by partial suppression* 
of all higher harmonics in the primary current by means 
of a filter circuit. Stability wall be produced if any of 
the conditions, as voltage, frequency, or size of the 
capacity load, are changed far enough in either 
direction. 
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2. Hysteresis loops traced upon a ground glass screen 
by the two-dimensional oscillograph during this un¬ 
stable condition increased and decreased in size, but 
always remained symmetrical with respect to the two 
axes. 

3. Both the single-phase and the three-phase insta¬ 
bility existed with the capacity load connected across 
the primary. Thus leakage reactance cannot be a 
contributing cause of the instability. 

4. Under the cause of the three-phase instability 
developed herein, the saturation curve cannot alone 
produce instability. Hysteresis, as well as non-line¬ 
arity of the magnetization curve, is necessary. 

5. There is considerable evidence that the three- 
phase instability (Y-connected benches of capacity and 
iron-cored inductance in parallel, with neutral un¬ 
connected) is due to the inability of the third harmonic 
and its multiples in the phase voltage to adjust them¬ 
selves so as to make the third-harmonic exciting current 
and its multiples equal and opposite to the respective 
harmonics in the current through the capacity. As 
these conditions must be fulfilled during steady-state 
operation, this failure constitutes a reasonable cause of 
the instability. Hysteresis is necessary £o produce 
instability, as mentioned above; non-linearity of the 
magnetization curve alone is not sufficient. 

It has been shown, by drawing the exciting current 
wave from the hysteresis loops and the voltage waves, 
that when the iron-cored inductance and a certain 
capacity are connected in parallel, with three such 
branches connected in Y and with no neutral connection, 
across a three-phase supply with a certain value of 
balanced, sinusoidal line voltage, the third-harmonic 
phase voltage cannot adjust itself to make the third- 
harmonic current through the inductance equal and 
opposite to that through the capacity. This analysis 
neglects all multiples of the third harmonic above the 
third itself. 

The lower limit of capacity which will produce in¬ 
stability, as indicated by this analysis, is somewhat less 
than the actual limit as indicated by experiment. This 
would seem to be due to the stabilizing effect produced 
by the introduction of higher odd multiples of the third 
harmonic in the phase voltage, these harmonics appear¬ 
ing only in order to produce stability. 

6. The above explanation covers the instability 
which occurs when the capacity is connected across the 
secondaries of the transformers, Y—Y, with no primary 
neutral connection, as the two circuits are equivalent, 
neglectmg leakage reactance of the transformer wind¬ 
ings. It also covers the case of Y-delta-connected banks, 
with the primary neutral unconnected, when a capacity 
’is inserted in the secondary delta,, as this circuit is 
similar, in so far as the third harmonic is concerned, 
and neglecting leakage reactances, to the circuit for 
which the analysis was made. 

7. It seems probable, although no proof has been 
advanced, that the single-phase instability is due to the 


inability of all the harmonics in the voltage impressed 
upon the inductance and capacity in parallel, to adjust 
themselves so as to make each harmonic in the exciting 
current equal and opposite to the corresponding har¬ 
monic current through the capacity, assuming that the 
filter circuit is perfect! The c%use of this instability 
then becomes quite analogous to that of the three-phase 
case. 


TESTS INDICATE RADIO WAVES 
PENETRATE EARTH AND ROCK 

Tests conducted by the United States Bureau of 
Mines, Department of Commerce, in a Colorado metal 
mine indicate strongly that radio waves will penetrate 
500 feet or more of rock strata. These preliminary 
experiments were observed by Dr. A. S. Eve, Director 
of the Department of Physics, McGill University, 
Montreal, Canada, who is conducting a study for the 
Bureau of Mines of the possibilities of various methods 
of geophysical prospecting for the location of under¬ 
ground mineral deposits. 

The experiments participated in by Dr. Eve were 
conducted with a superheterodyne set with nine electron 
tubes in the Caribou mine of the American Mining and 
Prospecting Company, at Caribou, Colorado. The 
first test was held at a depth of 220 feet, where, by 
means of a loop, a strong and clear reception was ob¬ 
tained of a musical concert given at Denver, 50 miles 
distant. The evidence pointed strongly to the con¬ 
clusion that this clear reception was duetto the pene¬ 
tration by the radio waves of the solid rock strata, 
although there was-a remote possibility that the recep¬ 
tion was obtained through shafts and cross-cuts, 
toward which, however, the loop did not point. The 
nearest metal conductors, iron rails, were 66 feet away. 

The next series of experiments was conducted at a 
depth of 550 feet, when “mushy” reception was ob¬ 
tained from Denver. This type of reception was, 
however, as good as could be obtained above- ground 
at the time of making the test, the night being un¬ 
favorable for general radio reception. This series of 
tests was conducted at the end of a cross-cut reached 
with many turns, and 200 feet from the main shaft. 
A pipe came down the shaft and followed the tunnel up 
to 80 feet from the point of observation. 

In previous experiments conducted by the Bureau of 
Mines at its Experimental Mine near Pittsburgh, Pa., 
it was at first concluded that radiation and induction 
would penetrate rock for considerable depths. Subse¬ 
quent investigations have shown that in every case the 
transference of radiation was by some conductors in 
the mine, electric wires, pipes or rails, all of which 
abound in modern mines. 

It is felt that further investigations should include a 
comparison of the penetration of radio waves greater 
and less than a wave'length. 





Recent Improvements in Large Induction 

Motors 


BY D. F. ALEXANDER* 


Associate, A. I. E. E- 


Synopsis. Like that of many other rotating electrical machines 
the development of the large induction motor has been a steady and an 
interesting progression. From the first induction motor to the pres¬ 
ent product has been a long step, marked by the analytical ability 
of many capable engineers, and accompanied by continual improve- 
™ en j s in construction, some of which are reviewed in this paper - 
To describe the advancement in this type of motor to its present state, 


it has been necessary to follow some trends in development from their 
egmnmg; thus not all of the improvements mentioned in this 
paper can be called recent, as time in the rapidly advancing electrical 
industry is measured. The paper, taking up briefly the subjects of 
ventilation insulation, coil design and bracing, collectors, bearings, 
and manufacturing improvements, should be of interest to the many 
users of the large induction motor. 


Introduction 

T he induction motor is one of the least spectacular 
yet most serviceable of man’s electrical power 
servants. The evolution^ of this type of motor, 
in common with that of other electrical machinery, 
has been marked by a steady improvement in the ap¬ 
plication and use of the various materials of which the 
motor is made. Although the general arrangement 
has changed but little in the past twenty years, there has 
been a continuous attention to those details which 
contribute to reliability, to long life, and to satisfactory 



Fig. 1—Early Design of Induction Motor 


performance.. During that time, improvements in the 
electrical design and in distribution of materials have 
given us induction motors having but one-third to one- 
half the weight per horse power of those first produced. 

In the early motors the heavy construction gave the 
advantage of a high thermal capacity; this was of 
little value on sustained overloads, however, and in 
any case there was always the danger to the insulation 
from the presence of hot spots in embedded portions of 
the windin gs. The more open type of construction in 

‘Design Engineer, Westinghouse Elec, and Mfg. Co., East 
Pittsburgh, Pa. ’ 

Presented at the Regional Meeting of District No. 3 of the 
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the modern motor, with a more systematic arrangement 
system of ventilation? greatly improves reliability in this 
respect. Consistent use of mica insulation and improved 
processes of dipping and baking have given further 
dependability under an increasing variety of appli¬ 
cations. 

Ventilation 

The gradual decrease in motor weights for a given 
rating has resulted largely from improvements in motor 
ventilation. Since, a motor is sold on the basis of the 
maximum permissible temperature rise of its least 
durable part, i. e., the insulation,—it is obviously an 
advantage to have as nearly uniform temperatures as 
possible throughout the heat-generating parts for mini¬ 
mum temperature rise. With this carried to reasonable 
limits, the temperature rise may be still further reduced 
by an increase in the volume of air passing through the 
motor. Modern motors are distinguished from older 
motors by the open and well-ventilated construction 
of all active parts. 

In the first, type of induction motor to be produced 
on a commercial scale in this country, less attention was 
paid to the distribution of the losses than to the impor¬ 
tance of obtaining a motor having the proper per¬ 
formance characteristics. There were no strict tem¬ 
perature specifications to be met, the only requirement 
being that the insulation would stand up under operat¬ 
ing conditions. 

In these motors, and in the types immediately 
succeeding them, little opportunity was given for 
effective ventilation other than by natural convection . 
and radiation from the surfaces. There were no defi¬ 
nite paths for the ventilating air as in modern motoVs; 
there, were neither air ducts, blowers, nor ventilating 
openings in the frame periphery. In the larger motors, 
which used partially closed primary slots and “pushed- 
through” windings, the location of the end connectors 
and their size prevented a free passage for air. In 
modern types of winding, the ventilation of the end 
turns is of great importance. 

Later types were greatly improved, as the benefits 
from the proper use of ventilating air became apparent. 
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The primary slots were made so that completely form-* 
wound or “diamond” coils could be placed in them; the 
end turns of this type of winding are symmetrical and 
easily ventilated by leaving an air space between coil 
sides; see Fig. 2. .Air ducts were placed at intervals 
in the core and openings were made between frame ribs 
for exit of the ventilating air. 

. Although the rotor ventilating-duct fingers were 
quite effective as fans, the addition of blower vanes on 
the rotating part proved to be of benefit. The air 
leaving the blower vanes passed directly through the 
primary coil ends, cooling them to such an extent that 
* the maximum copper temperature at the center of the 
core was considerably reduced, due to the rapid con¬ 
duction of heat from the middle of the coils to the ends. 
The brackets, or endbells on a f)edestal-type motor, 
were closed about the primary coil ends and shaped in 
such a manner as to direct the cooling air most 
effectively. Openings between the punching support- 
ribs allowed this air to escape along the back of the 
built-up laminations, further cooling these parts, and 
thence out through the frame openings. 

In general, all possible restriction is removed from the 
path of the ventilating air in modem large induction 
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Fig. 2—Primary End-Turns of a Modern Induction Motor 
S howing ventilating spaces and coil bracing 

motors. The spider and frame are made of a skeleton 
design, supporting the laminations upon transverse 
ribs between which are large openings. Shrouds and 
air shields are frequently used to confine the air in the 
proper channels. The general scheme of ventilation 
has not been changed in the. past few years, but im¬ 
provements have resulted from attention to construc¬ 
tional" arrangement and from a better knowledge of the 
motor losses and their effective dissipation to the cooling 
air. 

_ Fundamental differences in electrical-design propor¬ 
tions and in mechanical construction make the ventila¬ 
tion arrangement in large induction motors unlike that 
found in other types of motors or generators. 

Large turbo generators, with a large ratio of rotor 
length to diameter and with a concentration of losses 
in a comparatively small volume, require some form of 
axial, or of combined axial and radial, air flow. In the 
ordinary form of d-e. or synchronous a-c. machinery, 
the salient poles on either stationary or rotating part 
alter ventilating conditions in comparison with indue- 


• tion motors, which have a close confinement of air in 
both stator and rotor. Furthermore, the air-gaps are 
large, and the projecting poles, when placed on the rotor, 
act effectively as fans. The location of the losses 
in these machines favors their dissipation, and con 
siderations of reactance and loss balance in the syn 
chronous apparatus do not require the many coils and 
narrow teeth of the induction motor. These factors 
make a contrasting problem between the ventilation 
of the induction motor and that of other machines. 

Large induction motors are frequently applied m 
locations which prohibit the use of an open motor. 
Moisture, dirt, dust, acid fumes, or other, impurities 
which would damage the insulation, make it necessary 
to enclose the motor partially or totally. To protect 
against falling particles, a simple canopy cover or hood 
of sheet steel may be sufficient. For further protection, 
complete enclosure of #ie motor with forced air ven¬ 
tilation has become increasingly popular. In this case, 
the air led to the motor may be thoroughly cleaned and 
cooled, and interruptions due to insulation failure 
thereby minimized. The cooled air also permits heavier 
temporary overloads than would be possible otherwise. 

Insulation 

The successful operation of all electrical machinery 
depends to a great extent upon the character and quality 
of the insulation used in its manufacture. Insulating 
materials consist of mica, asbestos, papers, cloths, 
varnishes, and other materials less well known. It is 
easily recognized that the insulation, considered from 
a physical viewpoint, is inferior to the durable metal 
parts entering into the construction of the motor. 
In spite of this fact, «the design of electrical machinery 
has been so modified in the past that the inherent 
weaknesses gf insulating materials have been favored, 
resulting in machines which have operated for many 
years with satisfaction. 

The last years however, have shown a decided ten¬ 
dency on the part of manufacturers, to secure a more 
basic knowledge of the physical properties of insulating 
materials. Among other things, this has enabled the 
designer to obtain more compact insulation on the coils, 
thus improving the transfer of heat from copper to 
cooling air (a decisive factor in reducing the occurrence 
of hot spots in the windings). A more scientific 
application of the materials and refined processes of 
manufacture, together with a more complete under¬ 
standing of conditions arising in motors, such as surges, 
has resulted in further improvements. 

Duties. The function of insulation is primarily 
to prevent current conduction between points which are 
at a difference of potential; in some instances the 
insulation also serves as a mechanical support. In 
order that these duties may be fulfilled, insulating 
materials should have certain electrical, mechanical, 
chemical, and thermal properties. The most im¬ 
portant of these properties is the ability of the insulation 
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to withstand potential stress; of importance, also, are 
the ease of application, thermal conductivity, perma¬ 
nency, and resistance to abrasion, moisture, oils and 
acids. Combinations are made to obtain the greater 
advantages of two or more insulating materials: mica 
is combined with reinforcing paper, cloths with varnish 
treatment, and so on. * 

Mica. Of the insulating materials available, mica 
is probably the best. Its beneficial use, however, 
requires a careful consideration of its capabilities and 
limitations. The chief advantages of mica are its high 
dielectric strength and resistance to high temperatures 
making it suitable for the voltages and temperatures 
encountered in electrical machinery. In addition, it 
has a certain amount of resilience and does not absorb 
moisture. 

Mica has poor mechanical strength, a disadvantage 
which must be compensated for fey building up the mica 
splittings into sheets with a suitable bond, to secure 
the increased strength and flexibility necessary. The 
use of built-up mica coil wrappers results in a uniform 
and continuous wall of insulation comparatively solid 
and free from air pockets, a condition which offers the 
least resistance to heat flow. 

For large motors, mica is used on the straight part 
of the motor coils, that is, the part which is embedded 
m the slot. The quality of long life at high temperature 
is here used to best advantage, for this part of the in¬ 
sulation is subjected to the maximum temperature in 
the machine. Mica gives a very high factor of safety 
for this part of the coil. The ends, which are well 
cooled, do nbt require mica; treated cloths and tapes 
are more easily applied, and are less expensive. 

The quality of built-up mica as an insulation material 
has undergone a continual improvement since it was 
first introduced. The manufacturer has "cooperated 
with the producer to secure the proper grade, and to 
improve methods of packing and shipping so that the 
material might be fully protected while in tr ansi t. 
Bonds have been studied extensively, with the result 
that built-up mica now has flexibility and strength j 
together with its inherent insulating and high tempera¬ 
ture-resisting qualities. The introduction of machine 1 
methods and processes has resulted in a more uniform i 
and consequently a more reliable product. More j 
exacting test methods, together with these manufactur- t 
mg improvements, combine to produce more satis- 1 
factory motor windings, both with regard to continuity r 
of service and to life of the insulation. s 

Fibrous Materials. Under this head are included a 
the fabrics and papers in the various forms used for d 

insulating the motor windings. 

The insulation on the coil-ends consists of layers of “ 
treated cloth tape, followed by a single layer of cotton p 
tape covering the entire coil. The varnishing of the \ 
individual layers effectively prevents the penetration of d 
dust, dirt and moisture. The final layer of cotton 
tape serves to protect and to bind the insulation in a 


place; the coil is then dipped in a suitable grade of 
insulating varnish. After draining, it is placed in an 
oven and baked. This process is repeated as many 
times as is necessary. Fibrous materials absorb moisture 
very readily, but by treating the (foils in the above 
manner, these materials are rendered moisture proof 
Ureat improvements have been made in connection with 
moisture-proof treatment processes for large induction 
motors. 

Paper insulation is employed in motor construction. 
Various forms of insulating paper strips may be used in 
torming the coils; a slot liner of tough, flexible paper is 
combined with treated cloth to protect the coil from 
injury when being placed in the slot. 

Varnishes. The u§e of completely formed and in-, 
sulated coils has been an essential factor in improving 
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Fig. 3—Statoe Coil and Slot and Statoe Coil Insulation 

the reliability and life of motor windings. ■ The 
insulation consists of mica and fibrous materia^ as 
previously mentioned, treated with varnishes or gums 
to overcome their natural tendency to absorb moisture. 
The addition of moisture-resisting compounds im¬ 
proves the properties of the treated materials as in¬ 
sulators, tends to prevent action from oils or acids, 
and improves the thermal conductivity—all of wfiich are 
desirable characteristics. 

^ In general, insulating varnishes are “air-dried” or 
baked” on the parts to which they are applied, de-* 
pending upon the application and the size of the motor. 
Varnish processes are used in three stages of large in¬ 
duction motor manufacture: 

1. On the formed coil before wrapper or tapes are 
applied, 
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2. On the completed coil, 

3. On the completely wound stator or rotor. 

For the ordinary application, the formed stator coil 
is given varnish treatments (to seal against moisture and 
to facilitate conduction of heat). The process consists 
of drying, dipping, draining and baking. Drying is 
carried out at the proper oven temperature, and is of 
sufficient duration to completely dry out the coils 
without injuring the cotton covering on the conductors. 
The coils are dipped while hot, to prevent re-absorption 
of moisture. The consistency of the varnish is care¬ 
fully'maintained so that the penetration may be com¬ 
plete. By permitting the coils to drain, the excess 
varnish is removed, giving a uniform coating to the 
coils and allowing the baking tojbe done quickly and 
efficiently. The temperature and ventilation of the 
oven are regulated so that the varnish is dried through¬ 
out. The above process is repeated as many times as 
necessary. 

On the largest machines, and especially those for 
high voltage, the stator coils are vacuum impregnated; 
that is, the coils are dried under a partial vacuum to 
remove the moisture, after which a compound is forced 
into them under pressure. This promotes absolute 
penetration, filling all voids, with consequent reduction 
of corona and improved heat conduction. 

The use of varnishes on the completed coil is much the 
same as that for the interior of the coil, and has been 
discussed in connection with fibrous materials. 

After assembling all the coils in the slots, and making 
the connections, two or more coats of baking varnish 
are applied to the complete windings. These seal 
the connections and coils in the slots, filling up all small 
cracks and pores in which dirt or moisture might ac¬ 
cumulate. The varnish is chosen so that upon drying 
it will be elastic, and have a fairly hard and glossy 
finish, resisting injury and providing a surface from 
which dust may be removed easily. In addition, the 
shedding of water and oil takes place much more 
readily. 

The extensive applications of varnish and its develop¬ 
ment in connection with the insulation of electrical 
machinery is no doubt one of the great outstan din g 
improvements of the insulation art. Originally, var¬ 
nishes served more as a finish or as a mechanical 
protection, rather than as an insulator. Under operat- 
ifig conditions, the varnish and insulation became hard 
and brittle, making coil repair a difficult problem. 
Varnishfes are now produced which are much more 
durable, flexible, and of a high insulating quality. 

The control of temperatures, varnish consistency, 
"times of baking and the ventilation of ovens, together 
with more exact manufacturing specifications for these 
factors, has materially improved insulation, in addition 
to giving a uniform and consistent product. 

Research on Temperature and Vibration. When coil 
insulation is continuously subjected to high tempera¬ 


tures it is well known that its life is considerably short¬ 
ened. Numerous studies of the effect of temperature 
upon insulation have been made from time to time, and 
valuable information has been obtained. From these 
tests it has been observed that miq^ is capable of with¬ 
standing high temperatures much more satisfactorily 
than fibrous materials. This has led to the extensive 
use of mica for the slot portion of coils. The effect of 
repeated thermal expansions and contractions upon 
insulation has been investigated to some extent. 

A study of the vibration and movement of coils 
has been made recently, with a view towards eliminating 
possible cracking and disintegrating of the insulation. 
In addition, extended heat-vibration tests in which the 
whole motor was caused to vibrate, have been con¬ 
cluded. These tests confirm operating experience that 
the life of insulation depends not only upon the tem¬ 
perature at which it is operated but also, to a great 
extent, upon the mechanical disturbance to which it 
may be subjected. 

Further studies along these lines are being conducted, 
to obtain a more exact knowledge of insulating materials 
under specific operating conditions, and thus a corre¬ 
sponding improvement of the electrical machines to 
which they are applied. 

Improved Methods of Testing. Standard tests require 
the application of a high voltage of normal frequency 
between the windings and the core or frame. For 
further protection, the manufacturer applies this test 
at various stages of construction in order to detect any 
faults that may arise as the work progresses. Although 
no standard rules are given for the testing of insulation 
in the same circuit, such as from one turn to another, 
one electrical manufacturing company has realized the 
need of such a test and has accordingly developed a 
means of applying high voltage between the turns of a 
coil. Until very recently, insulation was tested be¬ 
tween turns at low voltages and detected short circuits 
only where there was contact between conductors, 
but did not detect weak or damaged insulation where 
there was no actual contact. 

Briefly, the improved method consists of applying 
a voltage at high frequency to the terminals of the coil, 
and because the voltage drop across the terminals is 
proportional to the frequency applied, practically any 
desired voltage between turns can be obtained, pro¬ 
vided the frequency is sufficiently high. 

In general, it can be said that this method of testing 
has had a favorable influence on the design of insulation. 
It shows that in some of the older designs insufficient 
insulation was used, while in others the insulation was 
more liberal than required, and it also detects insulation 
injuries which have developed during the coil forming 
operations. High frequency tests simulate the un¬ 
even voltage distribution which occurs with surges and 
line disturbances, enabling the designer to correctly 
proportion the insulation to meet these conditions. 

The direct result of the high frequency test has been 
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the elimination of weak or defective coils which mi ght 
otherwise have caused trouble in service. 

Coil Design 

To obtain high power factor and to reduce iron losses 
as much as possible, early induction motors followed 
the designs for large *alternators, and adopted the par¬ 
tially closed slot for both primary and secondary wind¬ 
ings. With this type of slot, the primary coils for the 
smaller motors could not be fully formed before being 
placed in the motor; the strands were inserted individ¬ 
ually. A slot cell and treated tape on the end turns 
were depended upon for proper insulation. The larger 
motors used a U-shaped coil, pushed through the slots 
from one end, then formed to shape and connected. 
For coils of many turns, this made the connections 
difficult to make and to insulate; it was very difficult to 
make repairs, and a single coil breakdown would gen¬ 
erally require a completely rewound p rimar y 

After using the partially closed slot for several years 
the operating public decided that less expert skill 
should be necessary when making repairs, and that it 
would be-preferable, to a certain extent, to sacrifice 
operating characteristics in favor of the open type of 
primary slot. The open slot allows the use of com¬ 
pletely form-wound coils, treated, dipped and baked 
before assembly in the machine. The coils are inter¬ 
changeable, except that outside coils on each phase- 
group have somewhat more insulation on the ends than 
coils within a group. 

In attempting to combine the advantage of the open 
and the clbsed slot constructions, various forms of 
magnetic wedges were tried. The many difficulties 
in obtaining a metal .wedge which would serve the 
desired purpose and stay in place proved to be too great. 
Today the fiber or hardwood wedge is use4 exclusively 
for open slot stators. 

Although the primary slots have been changed, the 
secondary slots have remained of the partially closed 
type. There are several reasons for this aside from the 
decreased magnetizing current and iron losses resulting' 
from the arrangement: 

1. The rotor circuits operate at a very low frequency 
compared to the stator circuits, which are always at 
line frequency. This permits the use of a few deep 
bars per slot instead of many small wires. The solid 
straps on wound rotors may be insulated easily before 
insertion in the motor, as will be explained. 

2. Centrifugal stresses require greater strength and 
the overhanging tooth tips retain the rotor conductors 
to better advantage. 

3. The stator windings have a fixed voltage applied 
to them, so that various numbers of coil turns and 
degrees of chording must be used to satisfy induction 
and voltage conditions. For wound-rotor motors, the 
rotor voltage is not so fixed, and four straps per slot 
are used in all standard cases. These are full pitch 
windings. 


4. The use of strap “wave” windings for wound rotors 
greatly simplifies the connections, and gives a sym¬ 
metrical arrangement of leads which contributes to a 
good running balance. 

For the same reasons which brought about the use 
of pulled coils on stators, an improvement was made 
in the rotor coils. These were completely formed, and 
each strap insulated before being placed in the rotor 



Fig. 4— A. Typical Rotor Coil 

B. Section Through Rotor Coil a«p Slot 

C. Partially Wound Rotor 

slots. .Fig. 4 shows a typical coil for a retrogressive 
“wave” winding, and a cross-section of the rotor slot 
with coils in place. 

The older “shoved-through” rotor winding involved 
bending the coils after these had been put in place, to 
form the “diamond” on the ends. This necessarily 
strained the insulation near the ends of the coil, and 
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although such strain might not be readily detected by 
factory inspection and test, it would eventually come to 
light after the motor had been exposed to dust and dirt 
in service. 

The removal of a damaged bar was difficult, since it 
was necessary to straighten out a considerable number 
of adjacent bars before any bar could be withdrawn. 
This involved great danger of injury to the insulation, 
especially after the insulation had become old and 
hardened; complete' new rotor windings were often 
necessary. 

The improved coils, fully formed and insulated, are 
placed in the slots in the same manner as for primary 
coils, see Fig. 4; there are no forming operations neces¬ 
sary for the replacement of ceils. This facilitates 
inspection and repair. Soldered joints on rotors are a 
necessary evil, but formed strap windings use connectors 
cm one end only, or one-half the number of connectors 
required for the “shoved-through” type. 



Fig. 5—Old Design op Squirrel-Cage Rotor 
Showing bolted-on bars and cast blower vanes 


The squirrel-cage rotor, with the simple type of 
bar winding, has been made in many for ms , but has not 
been radically changed in the past twenty years. The 
most interesting change was made when all insulation 
was removed from rotor bars as unnecessary. A larger 
conductor could be placed in a given slot. The all- 
metal rotor became even more simple and sturdy than 
before, and on the very small rotors, which are outside 
the scope of this paper, the windings, end-rings, and 
blowers gre all made of alloy and cast in place with one 
operation. 

Blowers for squirrel-cage rotors formerly consisted 
of small and comparatively ineffective vanes, cast as 
part of the end-rings; see Fig. 5. An improvement 
was made when separate sheet-metal fabricated blowers 
similar to those on wound rotor motors, were used on 
rotors of moderate speed. Shrouds were conveniently 
added to these blowers, increasing their efficiency of 
delivery. 


Originally, the rotor resistance rings were secured to 
the bars by bolts, nuts, and lock washers. These 
occasionally came loose and caused trouble. An 
improvement was made when a process of brazing was 
employed, using silver solder, and making the windings 
as solid as though made of one pipce. 

The end portions of induction motor coils are sub¬ 
jected to considerable vibration and these parts must be 
well secured to prevent undue chafing of the insulation 
or distortion of coils ends. The rotor coils, placed upon 
a flat surface and held securely with banding wire, 
require no further bracing, but the stator coils must be 
firmly held to a supporting ring or brackets as shown in 
Fig. 2. For very long coil extensions, small blocks of 
insulation are often placed on the diagonals, holding the 
adjacent coil-sides tightly together at several places, 
yet allowing the passage of ventilating air between 
them. For certain applications, such as for full-voltage 
starting, normal bracing requirements are considerably 
exceeded, and special coil bracing must be used. 
Investigation has shown improved methods of tying 
and bracing the coil ends, so that all sq.uirrel-cage 
motor windings can now be adapted to full-voltage 
starting when this is required. 

Full-Voltage Starting 

For certain applications, notably for power station 
auxiliaries, simplicity of operation and reduction of 
first cost recommend squirrel-cage motors which can 
be started at full line voltage. With attention to coil 
bracing, standard squirrel-cage motors may serve the 
purpose, provided the starting current is not too high 
and that reduced full-load efficiency is acceptable for 
motors requiring high starting torque. Where low 
starting current combined with high starting torque is 
required, hcftoever, a modified form of rotor winding 
may be used to satisfy the imposed starting limitations. 

Where unusually high torque per ampere is required 
at starting, a double squirrel-cage winding is used, in 
which the outer winding has high resistance and low 
reactance and the inner winding has low resistance and 
high reactance; see Fig. 6. The former is effective 
during starting, giving a high starting torque and the 
latter becomes effective under running conditions, 
giving low slip and good full-load efficiency: The 
division of rotor currents between the two cages is 
accomplished automatically; at starting, the current is 
rejected by the inner winding, due to high reactance 
of the embedded bars while subjected to line frequency; 
when running, the current flows in the inner winding, 
since the rotor reactance is negligible at slip frequency 
and the resistance of the windings is the predominating 
influence on the division of rotor current. With the 
increased rotor reactance, such a motor must neces¬ 
sarily sacrifice power factor and maximum torque. 
In fact, the reactance is not only greater than that of 
the standard motor because of the two cage windings, 
but because of the magnetic bridge placed between the 
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windings to increase the selective current action between 
the windings when starting. 

For full-voltage starting where there is required a 
value of starting torque per ampere intermediate 
between that furnished by the standard and the double 
squirrel-cage constructions, a “deep-bar” rotor may be 
used. The thin, deep rotor bars favor the occurrence of 
eddy-current losses when starting, thus increasing the 
effective resistance and the torque. When running at 
slip frequency, the resistance returns to normal value, 
with good full-load efficiency. The power factor and 
maximum torque are somewhat lower than those of the 
standard motor. This type of construction does not 
offer such difficulty in design nor in construction as 
does the double squirrel-cage type; the cost is less, and 
where full-voltage starting is desirable, the “deep-bar” 
motor may often be applied where standard squirrel- 
cage motors are not entirely suitable. 



Fig. 6—Double Squirrel-Cage Rotor 
O ne blower removed 

Collectors and Brush Rigging 

Alloy collector rings for large induction motors have 
never been a great source of trouble nor have they been 
greatly changed. In recent years, the process of 
manufacture has been modified, and “chilled molds” 
have been used; the material becomes of more uniform 
structure, while the finer grain at the ring surface results 
in better ring wear. A microscopic analysis of rings 
made by this process shows that the metal is very 
uniform in composition and that the arrangement of the 
grain of the material is all radial to the surface. 

To prevent trouble between neighboring brush 
shunts, and to increase insulation creepage distances for 
motors used in plugging service, the distance between 
rings has been increased. 

The insulation on bushing type collectors has been 
improved considerably. The sleeve between rings and 
collector bushing is made of mica, built up on the 
bushing. Mica is more durable than other materials 


R and is not damaged by the heat from the rings when 

these are shrunk on. Mica and the cement with which 
a it is treated form a good arc-resisting surface, 
e The dust from the brushes is of high conductivity 
e and must not be allowed to form a coating on the sur- 
e faces between the rings. To facilitate cleaning the 
1 co ector whlIe motor is running and to protect the 
e connecting studs and bushing from oil and foreign 
t material, insulating sleeves are placed below the ring 
sur , face between adjacent rings. The entire collector 
1 is treated with arc-resisting cement to seal all snn»q 

- openings, a final coat of varnish gives a smooth surface 
t which will not hold dust. The method of attaching 
= the connection studs to the rings on bushing type 
i collectors has been* improved. The original method 

used was simply to tap out the rings to a rather coarse 

- thread, screw in the studs, and complete the fit by 

running in solder around the joints. Vibration occa¬ 
sionally caused a loosening at this point. To remedy 
the trouble, a fine thread is now used, insuring a 
tightly fitted stud. * 

Increased output from a frame of given mechanical 
dimensions made necessary the collection of increased 
secondary currents. The most simple solution was to 
change from a carbon or graphite brush to a metallized 
graphite brush, making possible an increase of some 
50 per cent in the brush current density, without an in¬ 
crease in temperature. Although the metallized graph¬ 
ite brush is not recommended for all applications, this 
type is well suited for average large induction motor 
service,, where a greater range of characteristics is 
permissible than for other types of machines requiring 
current collection. 

Bearings 

.Attention to ventilation and electrical design has 
yielded increased torques for a given rotor weight. 
This has made possible a reduction in ratio of bearing 
length to diameter for a motor of a given torque, in 
those cases where the torsional stress in the shaft was. 
the limiting feature in choosing the proper bearing sizet 
This resulted in reduced weight and better alinemen- 
of the bearings. For very high speed motors, the bear¬ 
ing surface velocities might be too high for such a 
change. For general applications of moderate and slow 
speed motors such as in steel mills or hoisting service, 
however, a new style of pedestal bearing was adopted’ 
having a length-to-diameter ratio of 2. Formerly, 
bearings had ratios of 2 y 2 or greater. The ngw pedes¬ 
tals have a very small height to the bearing centerline, 
and other proportions give a sturdy design to success¬ 
fully withstand shocks and vibrations from the drivgi 
apparatus. 

Improvements in Bearing Babbitts and in Methods 
of Pouring. At one time, no great amount of attention 
was paid to bearing metals or to their application. 
Increasing demands on the bearings soon indicated the . 
necessity for more scientific babbitt composition and 
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methods of pouring. The thorough cleaning of anchor 
holes in the hearing shells, their proper location, and a 
number of minor changes proved of some benefit. 
The substantial improvements, however, have been 
made in recent ’y ears - Frequent analysis of the 
babbitt metal in the melting pots and daily Brinell 
tests secure uniformity; the use of new metal only has 
maintained the purity of the alloys. 

The pouring of babbitt at the proper temperature, 
which is very essential, is assured by the automatic 
temperature control of the electric melting pots. 

* The 'use of self-skimming ladles and the thorough 
stirring of the molten babbitt have proved beneficial. 
The installation of electric ovens has promoted a uni¬ 
form heating of the shells, thus securing the maximum 
advantages of preheating. In addition, the training of 
workmen and the control of all babbitt work by a 
skilled supervisor have greatly improved the consis¬ 
tency of the product. 

Bearing Lubrication', Oil Leakage. Continual im¬ 
provements of a general nature have been made in the 
construction of the sleeve type of hearings, to exclude 
dirt and dust from the bearing and to overcome oil 
throwing, objectionable features in the older designs. 
For those motors which must operate in a location 
exposed to dust or foreign material which might damage 
the hearings, special washers are fitted tightly about the 
shaft and holes leading to the bearing housing are 
equipped with bolted-on covers or with screw-plugs. 
These measures effectively make the bearing housing 
“dust-proof.” 

For high-speed motors, where the rotor blowers 
create considerable pressure drop at the inside end of 
the bearing housing, it is necessary to install a pressure¬ 
equalizing duct to prevent oil leakage. This consists 
of a pipe or duct arrangement covering the space around 
the shaft on the inner end of the housing and connect¬ 
ing to the airspace outside the motor, which is at normal 
pressure. In the case of bracket-type motors, the duct 
takes the form of a pocket or channel cast in the 
bracket, but for large pedestal-type bearings it may 
consist of an external sheet or casting bolted around 
the pedestal. 

Manufacturing Improvements 

j Balancing. Since larger electrical machines have 
bqen built at increased speeds each successive year, 
the subject of vibration and methods for eliminating 
vibration have received an increasing attention. The 
troubles resulting from vibration are well known for 
any class of machine; in the induction motor, there 
result hammered bearings, weakened insulation or 
supports, loosened holts, and a general deterioration. 

For several years, large induction motors which 
operate at high speeds have been dynamically balanced 
to prevent excessive vibration; the minimum operating 
speed for motors requiring such balance depends upon 
* the rotor weight. Former methods of balancing 


usually consisted of a static balance alone, which might 
only partially prevent vibration of the motor when 
running. Formerly, balancing was more or less of a 
“eut-and-try” method, whereas the recent method 
of dynamic balancing reduces the problem to a definite 
basis; the solution may be reached quickly and 
accurately. 

The general method it to support the rotor and shaft 
on a cradle which is pivoted at one end, and free to 
move on the other end in one plane only against the 
resistance of a resilient spring system. The springs 
are so chosen that the critical period of vibration corre¬ 
sponds to a speed below that at which the motor will 
normally operate. The rotor speed is then adjusted to 
the resonant speed’of the spring system; the increased 
amplitude of vibration at this speed facilitates adjust¬ 
ment of a counter-balancing system. This counter¬ 
balancing system consfsts of rotating weights, which 
form a couple, adjustable both in magnitude of the 
moments with respect to the fulcrum and in anguler 
position with respect to the rotating parts being bal¬ 
anced. Calibrated adjustments indicate the proper 
masses to be attached to the rotor, and their positions 
to give dynamic balance. Balancing is carried out 
for both ends of the rotor. 

Dipping and Baking Facilities. The advantages of 
dipping and baking complete stators and rotors have 
been mentioned in a previous portion of this paper. 
The process has proved so practical that shop facilities 
for dipping and baking have been greatly increased in 
recent years. Arrangements for dipping or “.flowing-on” 
of the varnish are made in convenient proximity to 
suitable draining tables and drying ovens. The change 
from steam to electric heat for* these ovens has made 
convenient l^ie use of automatic heat control. 

The proper air circulation in the ovens is important 
and is maintained by motor driven blowers, and 
graphic meters are used as a record of the baking 
temperatures. The installation of various filters keeps 
the varnish perfectly clean before application to the 
motor parts. Research is continually carried on to 
determine the most effective methods and limits for the 
dipping and baking processes. 

Performance 

The operating performances of large induction motors 
can hardly be mentioned as an improvement, unless 
the great reduction in motor weight per horse power is 
also considered. Using less and less active material in 
the motors, and with increasing iron inductions, it has 
been necessary to use better grades of iron and smaller 
air-gaps to maintain the same performance. 

The effect of the deep-bar and double squirrel-cage 
constructions upon motor performance has been dis¬ 
cussed. The power factor is several per cent lower at 
full load than that of the standard motor, while the 
efficiency largely depends upon the starting torque 
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required. For very high starting torques, the full¬ 
load efficiency is lower than that of the standard motor. 

Motor Accessories 

Space heaters have become a popular accessory for 
large induction motors, preventing the formation of 
moisture upon the insulation during motor shut-down. 
The temperature of the coils is maintained at 5 to 10 
deg. cent, above the room temperature, the circulating 
air from the heaters serving to keep the coils at this 
temperature. 

The heaters are energized from a low-voltage source, 
and for large motors may be interlocked with the mai n 
circuit breakers to prevent simultaneous operation of 
motor and heaters. 

The insulation of a large induction motor, like that of 
any electrical machine, must be protected from exces¬ 
sive temperatures. Thermometers or indicating ele¬ 
ments placed on the iron parts or on the coil-ends give 
no direct indication of the internal coil temperatures, 
especially where the imbedded coil length is great. To 
afford a more accurate indication of the temperature to 
which the insulation is being subjected, or to protect 
against motor failure due to sustained overloads, 
resistance coils or thermocouples are frequently 
employed within the motor, operating in conjunction 
with some indicating device or relay circuit. 

The use of temperature detectors is well known in 
connection with turbo generators, and has been ex¬ 
tended to large induction motors to afford improved 
manual or automatic protection for these motors. 

it 

Conclusion 

*lhe fact that induction motors are sold in a number 
greater than that of all other types combined, attests to 
the utility and worth of this kind of motor. Reliability, 
simplicity, low first cost, and ease of control have 
enabled the various types of induction motor to outsell 
their rivals in the power field. Design improvements, 
based upon practical operating experience and careful 
research, assure the continued success of this most 
useful power servant. 

Bibliography 

1. The Story of the Induction Motor, by B. G. Lamine, Jour¬ 
nal of the A. I. E. E., March, 1921. 

2. The Cooling of Electric Machines , by G. E. Luke, Journal 
of the A. I. E. E., December, 1923. 

3. “The Ventilation of Large Induction Motors,” by D. F. 
Alexander, Electric Journal , November, 1925. 

4. ‘'‘Insulation for Steel Mill Motors,” by J. L. Rylander, 
Electric Journal, September, 1921. 

5. “The Functions and Limitations of Insulation,” by 
B. G. Lamme, Electric Journal , September, 1921. 

6. “Recent Improvements in the Insulation of Electrical 

Machinery,” by Maxwell and Monkhouse, Journal of I E E 
April, 1926. ' ’ 

7. Effect of Full-Voltage Starting on the Windings of Squirrel- 
Cage Induction Motors , by J. L. Rylander, Journal of the 
A. I. E. E., February, 1925. 

< & “Induction Motor Secondary Windings,” by C. W. Kin¬ 
caid, Electric J our nal, November, 1923. 


9. Induction Motors with Double Squirrel-Cage Windings,” 
by C. W. Kincaid and D. F. Alexander, Electric Journal, January, 
1926. ’ 

10. A High-Frequency Voltage Test for Insulation , by J. L. 
Rylander, A. I. E. E., March, 1926. 

11. “Babbitts and Babbitting,” by T. D. Lynch A I & 

S. E. E., June, 1920. ’ 

12 * M f j ome Accessories Often Used with Large Induction 
Motors, by D. F. Alexander, Electric Journal, January, 1927. 

MEASURING A BILLIONTH OF AN INCH 

Equipment to measure changes in length of t|ie order 
of a billionth of an inch has recently been devised by 
P. P. Cioffi of Bell Telephone Laboratories. Such a 
length but about one-tenth the distance between the 
atoms of most metals would be required to equal a 
piece of ordinary tissue paper in thickness. 

The need for so refined an instrument arose from 
studies of magnetic materials. This whole subject is* 
one of the greatest practical importance to the American 
Telephone and Telegraph Company, because mag- 
netization plays an essential part in all forms of electri¬ 
cal communication. For years, it had been assumed 
that pure soft iron had the highest possible permeability. 
The discovery of permalloy by G. W. Elmen of Bell 
Telephone Laboratories thus called at once for an 
explanation. 

The task of supplying this was undertaken by 
Dr. L. W. McKeehan, also of the Laboratories’ technical 
staff. He felt the secret lay in the amount of expansion 
or contraction that a metal undergoes when it is 
magnetized. In magnetizing a metal a loss is ordinarily 
suffered which evidences itself as heat. This varies for 
different alloys and it was surmised that the loss was 
closely connected with the change in length. This it 
was determined to verify. 

To carry on the investigation it became necessary 
to have a measuring instrument of greater delicacy than 
any in existence. The development of such an instru¬ 
ment by Mr. Cioffi naturally entailed a great many 
refinements. The equipment is designed to measure 
change i of length in a piece of wire about four inches 
long. As imperceptible temperature changes cause 
expansion greater than the changes in length to be 
measured, every precaution is taken to keep the tem¬ 
perature of the wire constant. It is surrounded by a 
vacuum cylinder like a thermos bottle with an opening 
at each end and in addition a special electrical com* 
pensating coil is used to maintain constant temperature. 
The entire equipment is mounted on a spring suspension 
so that building vibrations will not affect it. 

This study of magnetic materials well illustrates the 
research method which not only raises its questions and . 
answers them but develops the necessary equipment to 
wring from nature her secrets. By the discovery of 
permalloy, telephone research has made a notable 
contribution to scientific knowledge and by Mr. Cioffi’s 
refined measuring device has verified a new theory of 
magnetism. 
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Synopsis . —This paper describes the auxiliary power system of the design of the system and discusses the starting of large motors at 
the Richmond Generating Station of the Philadelphia Electric full voltage from an auxiliary turbine generator. 

Company , mentioning briefly some of the factors which influenced ***** 


pumps, air compressors, auxiliary power generator and 
buses, generator and exciter field rheostats, main 
generator ventilating equipment, etc. In the switch 
house are installed duplicate 13,200-volt buses, oil 
circuit breakers, disconnecting switches, reactors, etc., 
all arranged for vertical phase isolation. A connecting 
building between the turbine hall and the switch house 
contains the d-c. power room, battery room, pipe room, 
and operating room. Transformers supplying all 2300- 
volt auxiliary power load and induction regulators for 
the three tie lines to Delaware Station are located out¬ 
doors between the turbine hall and the switch house. 


I T is the purpose of this paper to describe theauxiliary 
power system of the Richmond Generating Station 
of The Philadelphia Electric Company, mentioning 
briefly some of the factors which influenced the design 
of the system, and to discuss particularly a most im¬ 
portant feature of this system; namely, the starting of 
large motors at full voltage from an auxiliary turbine 
'generator. At the time this system was designed 
practically no data were available on this subject, 
and as there seems to be a general trend in power station 
design toward the use of auxiliary turbine generators or 
auxiliary generators direct-connected to main units, it 
is believed that a discussion of some of the factors 
involved and the results of tests made at Ri chm ond 
Station after installation will be of value. 

I. ’ Description op Auxiliary Power System 

General. Richmond Station is located in the north¬ 
eastern section of Philadelphia along the Delaware 
River, about five miles from the central part of the city. 

At the present time, the capacity of the station is 
120,000 kw., made up of two turbine generators, each 
rated 60,000 kw., 0.85 power factor, 13,800-14,400 
volts, three-phase, 60 cycles, 1800 rev. per min. Ulti¬ 
mately the plant will have a rating of at least 720,000 
kw., and will consist of three separate building sections, 
each housing four turbo generators of at least 60,000 kw! 
eapadty. 

The first building section, which was completely 
constructed in the initial development, comprises three 
main parts; namely, boiler room, turbine hall, and 
switch house, with the boiler room nearest the river. 

Ultimately the boiler room will house 24 boilers. 

Twalve boilers have been installed initially, each rated 
at 1570 h.p. and equipped with a superheater, an 
economizer, and an air preheater. Two induced-draft Auxiliary Power Supply. The auxiliary power 
Tm4» • °T ^ ans 3X6 Provided per boiler, system at Richmond Station is radically different from 

.J, M m “ e turbme hal1 ^ its mezzanine galleries the systems at Delaware and Chester Stations, other 
cnnH^n!!!!! ent ff!v. the ma -v generatin 2 unks (Fig. 1), major plants of the Philadelphia Electric system, 
rfo-iointr. T -i auxiliaries, heaters, evaporators, due principally to differences in methods used for 
- tors , boiler feed pumps, river and city water maintaining heat balance. 

1. Eleetneal Designer, PhiladelpMa Electric Co 1000 ^ ^ e ^ aWare an d Chester, although electric drive is 

Chestnut St Philadelphia, Pa. " WU used extensively for auxiliaries, a number of the 

iroif p. nglneer ’ ^ estinghouse Elec. & Mfg. Co., East auxi haries have steam drive; all boiler feed pumps are 


Fig. 1—Main Generating Units 


Pittsburgh, Pa. 

<Presented at the Summer Convention of the A. I. E. E 
Detroit, Mich., June 20-24,1927. ’ 


steam driven; one of the duplicate circulating water 
pumps provided for each unit has a dual drive by 
turbine and motor, the other circulating water pump 
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being motor-driven and used only in emergencies; one 
of the two air pumps and one of the two condensate 
pumps of each unit are steam driven, the other air and 
condensate pumps being motor driven. Exhaust steam 
for feed water heatmg^is obtained by running the proper 
number of steam-driven air and condensate pumps with 
the boiler feed pumps and dual drive circulating water 
pumps. Small adjustments to .maintain the proper 
amount of exhaust steam are made automatically by 
varying the governor setting on the turbine of dual 
drive circulating water pumps. In view of the fact 
that steam drive is provided for those auxiliaries which 
are most essential to the continuous operation of these 
plants, a supply from the main buses of the station is 
entirely satisfactory for service to the electrically driven 
auxiliaries; consequently a layout wherein the entire 
alternating current auxiliary power supply is obtained 
from transformers connected to* the main 13,200-volt 
buses was adopted for Delaware and Chester stations. 

For Richmond station, investigations made sub¬ 
sequent to a study of many of the most modern plants in 
this country and abroad, indicated that for the condi¬ 
tions under which Richmond would operate, three- 
stage heating would be most economical. Accordingly, 
bleeding of the main turbines was adopted. Bleeder 
connections are provided at the tenth, twelfth, fifteenth, 
and eighteenth stages (the turbines are 20-stage, 
Curtis type). Tenth stage bleeder steam is used only 
to heat the building and to increase the capacity of 
evaporators in case of any excessive demands for make¬ 
up water. The three other stages are used in the normal 
operation of the heater system. 

The adoption of stage bleeding .for Richmond not 
only eliminated any need for steam driven auxiliaries as 
regularly operating units, but made such drive un¬ 
desirable from the standpoint of operating economy. 
Electric drive was therefore a necessity for all auxiliaries 
except those installed for standby service only. 

The requirement of electrically-driven auxiliaries 
carried with it the further requirement of a source of 
electrical power having the highest degree of reliability 
or service to motors driving the most essential auxil- i 
laries, such as boiler feed pumps, circulating water 
pumps, air and condensate pumps, generator ventilating ] 
fans, etc. Consequently, a supply from the main buses 1 
oi the station could not be used for these auxiliaries, 1 
since in case of bus trouble or severe system distur- 1 
bances, this source might be so seriously affected as to 1 
cause the loss of these most important auxiliaries. • s 
However, a supply from the main buses was adopted for c 
the less essential auxiliaries and for those auxiliaries, t 
such as boiler fans, which it might be desirable to have c 
shut down in case of a sudden loss of station load. 

Three alternatives were considered in deciding on a o 
source of power for the essential auxiliaries; namely, s 
auxiliary turbine generators, auxiliary generators on b 
mam unit shafts, and transformers connected to main d 
generator leads between the generator terminals and the a 


■e "S n fl C T itbreake r- Both first cost and operating 
e cost of turbine generators eliminated them from con- 

sideration as regularly operating units, although an 

emergency non-condensing unit, suitable for starting 
r large motors at full voltage as discussed elsewhere in thif 

_ X er ’ ? provided - Generators on the main unit shaft, 

although providing auxiliary power at low cost, added 
r undesirable mechanical complications to the main unit, 

1 Sl aS 7 aS .?T ed t0 have shaft - end exciters on the 
, ,, mond units because of their successful operation at 

t other plants, this alternative was also eliminated from 

l AcCOrdingly ’ the use of transformers 

: onnected to mam generator leads was adopted. 

> This scheme has the advantages of high reliability, low 
first cost, and low operating cost, and although it intro- 
i duc f an electrical complication, the great reliability of 
modern transformers made this complication of but 
slight importance. The scheme is also open to the ob¬ 
jection that should the unit be disconnected automati¬ 
cally while carrying a heavy load, either the overspeed 
device on the mam turbine may operate causing the 
loss of auxiliaries, or, if the overspeed device does not 
operate, the auxiliary system will be subjected to a high 
overvoltage, until the voltage regulator functions to 
bring the voltage back to normal. This objection can 
be overcome by careful adjustment of the overspeed 
device and by installing equipment designed to with¬ 
stand the overvoltage. Equipment so designed has the 
advantage of high factor of safety under normal operat¬ 
ing conditions. 

As installed, the auxiliary power system at Richmond 
station consists of five principal parts as follows: 

1. A 2300-volt, three-phase, 60-cycle supply for 
boiler fan motors and large less essential auxiliaries. 

2. A 2300-volt, three-phase, 60-cycle supply for 
essential auxiliaries. 

3. A 230/115-volt, two-phase, 60-cycle supply for 
small auxiliaries, lighting, etc. 

4. A 250-volt, direct-current supply for stoker 
motors, emergency excitation, etc. 

5. A 250-volt, direct-current supply for control of 
oil circuit breakers, etc. 

The 2300-volt supply for boiler fan motors and large 
less essential auxiliaries such as motor generator sets, 
fire and water pumps, is obtained from three (ultimately 
four) 3750-kv-a. oil-immersed, self-cooled transformer ' 
banks located between the switchhouse and turbine 
hall and supplied from the main 13,200-volt buses in the 
same manner as outgoing lines. These banks feed 
duplicate sectionalized 2300-volt buses located between 
turbine hall and the boiler room so that cable runs are 
of minimum length. 

The 2300-volt supply for essential auxiliaries is laid 
out on the unit principle. A 2500-kv-a., oil-immersed, 
self-cooled transformer bank, also located outdoors 
between the switchhouse and turbine hall, is connected 
directly to the terminals of each generator and supplies • 
a short bus installed on a gallery under the turbine hall 
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floor. All essential auxiliaries associated with the gency lighting (automatic on failure of the alternating 
generating unit are connected to this bus. To supply current supply), miscellaneous power, etc., is fed by 
these auxiliaries while starting the unit, and also to act three 200-kw. motor-generator sets and. a 156 cell 
as reserve sources, each of these unit auxiliary buses is storage battery. The other 250-volt. direct-current 
provided with two ties, one to the general 2300-volt system supplies power for operating oil circuit breakers, 
system and one to another 2300-volt bus to which the valve motors, indicating lamps,, etc., and is fed by two 
auxiliary turbine generator may be connected. Thus 20-kw. motor-generator sets and two 120 cell storage 
each unit auxiliary bus has three separate sources of batteries. This system is entirely separate from the 
power. The breakers controlling these sources are inter- stoker and emergency excitation system, although an 
locked so that normally no two of them can be emergency tie is provided between the two. Control 
paralleled, although provision is made to alter the circuits of main and selector oil circuit breakers are 
interlocking by a synchronizing plug in case it is operated on separate parts of the control system, 
desired to parallel the auxiliary generator with the A diagram of the'auxiliary power system at Richmond 

general 2300-volt system. In starting up a generator, is shown in Fig. 2, which also indicates a typical normal 
the unit bus is usually suppliedJrom the general 2300 method of operation. It will be noted that the system 
volt system, and after the machine has been syn- is so sectionalized that failure of any transformer bank, 
chronized and connected to the station bus, the unit bussection, etc., will result in interruption toaminimum 
•bus is connected to the transformer bank on the genera- number of auxiliaries; and that such auxiliaries as may 
tor ter minals . Suitable relays give an audible alarm be affected can be either switched quickly to another 
in event of failure of voltage on the unit bus. source or replaced by duplicate units. 

The 230/115-volt, two-phase supply is obtained from A list of the steam driven auxiliaries is also included 
two (ultimately three) 1000-kv-a., oil-immersed, self- in Fig. 2. All of these auxiliaries are intended for 
cooled, Scott-connected transformer banks supplied stand-by service only. 

from the general 2300-volt system and located outdoors Motors. Table I lists the major auxiliary motors at 
under the 230-volt power room at one end of the turbine Richmond, with their rating, type, method of starting, 
hall. Adjacent to the 230-volt power room is an method of speed control, etc. 

emergency valve control room from which all main In general, all alternating-current motors above 
electrically-operated valves can be closed. approximately 50 h. p. are supplied at 2200 volts, 

The 250-volt direct-current system provided for the three-phase, while those below are operated from the 
supply of stoker motors, emergency excitation, emer- 220-volt, two-phase system. However, for special 

TABLE I 

MAJOR AUXILIARY MOTORS 
RICHMOND STATION 

Motor rating Type of motor _ Starting _ 

550 h. p. Wound-rotor Secondary resistance 
Push button 

Circulating pumps. 500 h. p. Squirrel-cage Full voltage— 

Push button 

Air pumps. 50 h. p. Squirrel-cage Full voltage— 

Push button 

Condensate pumps. 100 b. p. Squirrel-cage Full voltage— 

Push button 

Generator ventilating fans. 150 h. p. Squirrel-cage Full voltage— 

Push button 

125 h. p. Wound-rotor Secondary resistance 

Controller 

60 h. p. Wound-rotor Secondary resistance 

Controller 

15 h. p. D-c. shunt Resistance— 

Controller 

200 h. p. Squirrel-cage Compensator 

275 h. p. Squirrel-cage Full voltage automatic from 

float switch 

Air compressors... I 190 h. p. Synchronous Full voltage— 

Push button 


Forced draft fans.. 

Induced draft fans. 

n 

Stokers.. 

Fire pump___ 

River water pumps 


Speed control 

Automatic 

restarting 

10 per cent range 

18 points automatic 

Yes 


Yes 


Yes 


Yes 


Yes 

50 per cent range 

5 points 

Yes 

50 per cent range 

5 points 

Yes 

80 per cent range 

22 points 

No 


No 


Yes 


* 

.... 

No 


_ Auxiliary 

Boiler feed pumps. 


Stoker supply motor generator sets 


290 h. p. 


Synchronous 


Full voltage— 
Push button 


No 
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services such as those required for cranes or in the 
screen house, motors as large as 80 h. p. are supplied 
at 220 volts. 

In the design of the auxiliary power system, careful 
investigations were qiade as to the proper types of 
motors to be installed for the various auxiliaries. In 
the case of boiler fans, several types were considered 
including brush shifting a-c. motors, d-c. motors with 
variable field and armature control, as well as the 
standard wound-rotor motor which was finally adopted. 
For stoker service, both a-c. and d-c. motors of various 
types were considered before a decision was reached to 
install the variable-speed d-c. shunt motor. 



Fig. 2—Station Auxiliary Systems and Typical Normal 
Method of Operation 


Motor Controls. Boiler feed pump motors are started 
and stopped from push button stations near them. 
In starting, a block of resistance is inserted in the rotor 
circuit and is short-circuited automatically when the 
motor is up to speed. Speed control may be obtained 
either manually from a push button station or auto¬ 
matically from a pressure regulator set to maintain the 
proper differential between feed water and steam 
pressures. A pilot motor controlled by the push 
button station or by the pressure regulator operates a 
drum controller which varies the amount of resistance 
in the rotor circuit of the motor. In case of loss of 
voltage, the starting resistance is automatically con- 
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nhcted in the circuit, and upon restoration of voltage, 
the motor again comes up to the proper operating point. 

Wound-rotor motors driving draft fans are controlled 
from manually operated controllers located at the boiler 
control panels. Control equipment is’so arranged that 
the controller may be set at the desired operating point, 
and. the motors will come up to this speed without 
additional manipulation of the controller. In event of 
loss of voltage, contactors operate to connect all 
resistance in the rotor circuit, and when voltage is 
restored, the motor comes back to the operating point 
for which the controller is set. . 

In connection with the control of constant speed 
motors, careful consideration was given to the various 
methods of starting ^that were applicable; namely, 
compensator starting, reactor starting, and starting at 
full voltage. 

When the older stations were placed in service com¬ 
pensator starting was used extensively. However, as 
is well known, this type of starting has several serious 
objections, when used in large power stations, the 
outstanding one of which is the danger to life that ma y 
result from failure of the compensator. Other less 
important objections are the fact that the motor 
is subjected to two heavy current inrushes, one at 
the time of starting and one at the time of throw- 
over from partial to full voltage, and the fact that 
automatic control with compensators is relatively 
complicated. As a result, reactors with shunt oil 
circuit breakers rather than compensators were used in 
several new installations, and on a number of existing 
installations, compensator starting was replaced by 
reactor starting. However, although reactor starting 
greatly lessens danger to life, results in only one shock 
of current inrush to the motor, and is easily adapted to 
automatic control, it has the disadvantages of relatively 
high cost and large space requirements. In considering 
the type of starting to be used at Richmond Station, 
all of these features of compensator and reactor starting 
were taken into account and compared with starting at 
full voltage, with the result that full-voltage starting 
was adopted for all of the most important constant- 
speed auxiliaries except the fire pump, which had to be 
installed for construction purposes prior to the final 
design of the auxiliary system. Full-voltage starting 
not only eliminates the explosion hazard, but results in 
installations of minimum cost and control systems of 
the utmost simplicity wherein automatic restarting 
after an interruption is easily obtained. This last 
feature is particularly important, since the ‘station 
operators can concentrate their attention elsewhere 
at times of trouble. This type of starting has, of course, 
the disadvantages of high current inrush during starting, • 
possible damage to the motor because of the heavy 
mechanical forces to which the windings are subjected 
and possible damage to the driven equipment because of 
the high starting torque developed. However, with 
the usual large amount of generating capacity in 
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Fig. 3—Circulating Pump and Motor 


in event of loss of a-c. voltage and which disconnect 
the motor from the line in case of loss of field, and also 
a time-delay low-voltage relay which on failure of a-c. 
voltage opens the oil-immersed contactor but which in 
case of short circuit in the armature winding, permits 
the clearing of the line oil circuit breaker before the 
contactor opens. 

Control equipment for squirrel-cage motors consists 
merely of an oil circuit breaker in the motor leads con¬ 
trolled from a twin pull button switch of the usual type 
located near the motor. 

As shown in Table I, the largest constant speed 
motors started at full voltage are those driving cir¬ 
culating water pumps. These motors (Fig. 3) are 
rated at 500 h. p., 2200 volts, three-phase, 60 cycles, 
225 rev. per min. Full-load current is approximately 
140 amperes, and starting current is around five times 
this value. Although these motors can be easily 
started under normal conditions, when they are sup¬ 
plied either from the main station busses or directly 
from the main generating units, the question of starting 
them from the auxiliary turbine generator was a 
problem of paramount importance, and was given very 
careful study both by the engineers of the Philadelphia 
Electric Company and by those of the Westinghouse 
"'Electric and Manufacturing Company, which furnished 
the auxiliary turbine generator. 

^ As the auxiliary unit was for stand-by service only, 
it was desired, of course, to provide as small a unit 
as possible in order to keep investment costs at a 
minimum. . However, in event of a complete inter¬ 


Fig. 4—Auxiliary Turbine Generator 


large number of the motors designed for low-voltage 
starting can be used when full-voltage starting is 
desired. The large high-speed motors, which have 
comparatively high starting currents and long coil 
extensions, require some additional bracing. 

In power stations, where the motors are started on 
the main auxiliary bus fed from the main unit, the 

3. J. L. Rylander, Effect of Full Voltage Starting on the 
Windings of Squirrel-Cage Induction Motors, A. I. E. E. Trans., 
Vol. 44,1925, p. 53. 


operation, the voltage dip resulting from the current 
inrush is negligible, and by proper mechanical design, 
the possibility of damage to the motor or to the driven 
equipment is very remote. 

| As installed, the synchronous motors at Richmond are 
controlled from push button stations. Pressing the 
starting button closes an oil-immersed contactor which 
connects the motor to the line. The field contactor 
closes automatically at the proper time. Protective 
equipment includes relays which open the field circuit 


II. Full Voltage*Starting of Large Motors 


ruption to the station, the unit must be able to start 
and carry sufficient auxiliaries to permit resumption of 
service. Since the circulating water pumps were the 
largest auxiliaries to be considered, the ability to 
start three such pumps in succession with valves closed 
was fixed as the duty to be met lay the auxiliary unit. 
As a result of the study of this question, a unit of 
special design with a standard vibrating type voltage 
regulator was installed. The unit is rated 2000 kw., 
8333 kv-a., 0.6 power factor, 2300 volts, three-phase, 
60 cycles, 3600 rev. per min. (Fig. 4) and can be brought 
up to speed ready for load in fifteen seconds. Starting 
is accomplished by operating a motor-driven bearing 
oil pump; when the bearing oil has reached the proper 
pressure, a contact-making pressure gage opens an 
electrically-operated valve in the steam line to the 
turbine. 


General. On account of the greater simplicity and 
reliability of the control equipment, and the ease with 
which automatic restarting can be obtained, the 
decided tendency has been towards the use of full- 
voltage starting on as many of the auxiliary motors as 
possible. A careful study of the problem of properly 
insulating motors for this class of service has been made, 
and the results of this study have been presented to the 
Institute. 3 As a result of these and subsequent tests, 
there seems to be no question that all squirrel-cage 
induction motor windings can be braced to withstand 
the mechanical effect due to full-voltage starting. A 
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starting of the motors on full voltage is usually a matter 
of mechanical considerations of the load. The drop 
in voltage at the motor terminals is due to the leakage 
reactive drop of the transformers and the drop in the 
cable and bus connecting the motor to the trans¬ 
formers. This is small as the transformer capacity is 
much greater than the largest motor to be started. 

Wlien the auxiliaries are started from a small auxiliary 
unit not only the voltage drop due to the reactance of 
the generator and the drop in the leads, but also the 
effect of armature reaction must be considered. This 
may appear serious, when it is desired to start large 
motors, but there are several inherent properties in this 
particular application which make it possible to start 
such motors, provided good voltage regulation is not 
essential during the starting period. 

Effect of Generator Characteristics. If calculations of 
the voltage drop are made assuming that both the 
generator reactance and armature reaction become 
effective instantly, and that the impedance of the load 
remains constant, a low value of voltage is arrived at. 
These are probably questionable assumptions but they 
are commonly used in making calculations. Since it 
takes time for the armature reaction to become fully 
effective, and also the effective motor impedance 
increases with speed, smaller voltage drops are actually 
obtained on test. When a three-phase short circuit 
is placed on a generator of this type, the flux will have 
reached a constant value in about 1.5 seconds. This is 
an average value for several machines. Increasing the 
external reactance considerably increases the time for 
the flux to become constant. 

. kow internal reactance is desirable as it reduces the 
instantaneous drop in voltage when a load is applied to 
the generator. Low reactance is inherent in the 
comparatively low-capacity high-speed turbine genera¬ 
tors used for auxiliary units. 

When hand regulation is used, high short-circuit 
ratio or good inherent voltage regulation is desirable, as 
the starting currents of squirrel-cage induction motors 
are of low power factor. This can be obtained either by 
using a generator of special design or a larger generator 
than necessary for the load or a combination of the two. ; 

Voltage Regulation. A voltage regulator is essential i 
when severe duty is placed on the auxiliary unit. It i 
will not only keep the voltage constant on the auxiliary i 
bus during normal operation but will maintain better t 
voltage conditions when a motor is being started. High ( 
short-circuit ratio is not as essential when a voltage c 
regulator is used. With the voltage regulator in opera- j 
bon the speed of response of the exciter has a decided r 
earing on the voltage drop obtained when a large c 
motor is started. The higher the speed of response the 
nearer the effect of armature reaction is eliminated, t 
A high speed of response is inherent in small high-speed a 
exciters. t 

I^fTect of Load Characteristics. The characteristics s 
ot the load have a decided bearing on the size of motors 1 
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r that can be started with a given voltage drop. . The 
p motors driven from the auxiliary generator are usually 
e the condensate, circulating water and boiler feed water 
e pumps. 11 of these have torque characteristics 
which vary with speed. The torque on the circulating 
s water pump motor varies approximately as the square 
of the speed The others are nearly up to speed before 

[ . e pump takes on load - The condensate pump motor 
t is comparatively small, while the boiler feed pump is 
i usually dnven by a wound-rotor motor. The circu- 
i latmg water pump motor is in most cases the largest to 
s be considered. At zero speed, the torque is only that 

1 * e u CeSSa 7 t0 overcome the friction of the bearings. 

I hur allows considerable torque for acceleration, so 
that the motor will come up to speed very quickly‘and 
the low power factor starting current will decrease to 
normal full-load current of comparatively high power 
factor before the armature reaction has become fully 
effective. The voltage drop will, therefore, be less ' 
than if it took longer for the motor to reach full speed. 

From the above it is seen that, if all factors are con- 
sidered, it is difficult to calculate the voltage drop with 
any degree of accuracy. When Richmond station was 
being designed, calculations, using a step-by-step 
method, were made for several combinations of starting 
the circulating water pump motors. When the equip¬ 
ment was installed, tests which were made to determine 
the voltage drop, indicated better voltage conditions 
than calculated because pessimistic assumptions were 
used. 

Tests at Richmond Station. The following is a brief 
description of the generator and the circulating water 
pump motors installed in the Richmond Station and the 
tests run. 

The auxiliary generator is rated at 3333 kv-a., 0.6 
power factor, three-phase, 60-cycle, 2300 volts at 3600 
rev. per min. The leakage reactance is 5.6 per cent and 
the short-circuit ratio is about 1.7. No-load field 
current for 2300 volts is 68 amperes. The direct-con¬ 
nected self-excited exciter is rated at 33 kw., 250 volts 
and is a four-pole unit. 

The 32-pole motors driving the circulating water 
pumps are rated at 500 h. p., three-phase, 60 cycles and 
2200 volts. These motors have a starting torque equal 
to full-load torque, and a pull-out torque of 2.8 times 
full-load torque. The slip at full load is 3.3 per cent of 
synchronous speed. The pump has a calculated torque 
characteristic which varies approximately as the square* 
of the speed down to 70 rev. per min. Below 50 rev. 
per min. the torque increases with decrease of speed. 
The calcu’ated torque with the valve closed is 65 per 
cent of full-load torque at full speed. 

Since the auxiliary generator was required to start • 
three circulating pumps in succession and only two were 
available for the test, an equivalent load, consisting of 
two generator ventilating fans driven by 150-h. p., 
squirrel-cage motors and two boiler draft fans driven by 
125-h. p. wound-rotor motors, was used. The two 
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Fig. 6—Starting One Motor with Voltage Regulator in Operation 


control of the vibrating type of regulator and also with 
fixed excitation. 

Group II . With the equivalent of one motor r unnin g 
and with the voltage adjusted to normal, a second 
motor was started with the generator under the control 
of the automatic voltage regulator and also with fixed 
excitation. The pump valves were open for these and 
subsequent tests. 


2350 volts to 1850 volts in about one second and the 
motor accelerated to 67 per cent of synchronous speed. 
From this point up to full-load speed the'impedance of 
the motor increased rapidly, so that the current de¬ 
creased. Assuming that the motor impedance is 
constant and that the effect of reactance and armature 
reaction becomes effective instantly, a value of 1400volts 
is obtained with no-load excitation on the generator. 
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Group 


pumps used were duplicate units on one condenser. 
In making the tests the generator and the above men¬ 
tioned motors were isolated from the remainder of the 
station, so that complete tests could be made without 
affecting the operation of the station. Two six- 
element oscillographs with eight-foot films were used 
obta ning records of the tests. Besides taking 


in 


records of the auxiliary generator and exciter voltages 


Fig. 5—Starting 


One Motor with 
• Excitation 


Fixed Generator 


and currents, one oscillograph element was connected 
to a special magneto, giving an indication of the speed 
of one pump at all times. The tests fall in four distinct 
groups. 

Group I. One circulating water pump motor was 
started with no-load excitation on the auxiliary genera¬ 
tor. With the pump valve in the open and closed 
position tests were made with the generator under 


III. With the equivalent of two motors 
running, and with the voltage adjusted to normal, 
a third motor was started with the generator under the 
control of the automatic voltage regulator and also with 
fixed excitation. 

Group IV. With no-load excitation on the generator, 
the two ventilating fans, the two boiler draft fans and 
one circulating pump motor were started together, and, 
after an interval, a second circulating pump motor was 
started. These tests were made with the generator 
under control of the automatic voltage regulator and 
with fixed excitation. 

Several other miscellaneous tests which were made 
will be referred to when the results of the above tests are 
reviewed. 

Tests Results. Sections of two of the oscillograms 
taken are shown. Fig. 5 shows the starting of a 
motor with- fixed excitation on the generator. Fig.6 
shows the starting of a motor with the generator under 
control of the automatic voltage regulator. Oscillo¬ 
grams taken simultaneously with those shown give the 
generator currents, exciter terminal voltage and a 
timing wave. For the oscillograms shown the generator 
and motor currents were the same. In order to make 
the test results easier to interpret, the various values 
have been scaled off the oscillograms and plotted. 
The curves with broken lines indicate the results when 
the automatic voltage regulator was in operation, while 
those with solid lines indicate the results of the tests 
when fixed excitation was used on the generator. This 
same notation will be used throughout. 

The results of the tests under Group I are shown in 
Fig. 7. With fixed excitation, the voltage dropped from 
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Whether the pump valves are open or closed makes 
very little difference on the time to accelerate the motor 
to full speed. For either condition the current de¬ 
creased to approximately 110 amperes, gradually in¬ 
creasing to 140 amperes when the valve was open 
The motor came up to full speed in both cases in 1.8 
seconds with fixed excitation on the generator. 

With the regulator in operation, a minimum of 2060 
volts was reached in 0.4 seconds. The regulator 
became effective very quickly, bringing the voltage 
back to normal in 1.1 seconds. In this case it took 1.4 
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amperes. The inertia of the load already on the 
generator undoubtedly helped the conditions when the 
third motor was started. The tests show that the 
current taken by a motor actually decreases for a time, 
the effect of the inertia may be judged from two 
tests run. With the valve open and the condenser 
rail of water, a test was made to see how long it would 
take the motor to stop. In four seconds the motor 
reversed, and at the end of nine seconds the motor had 
reached a maximum speed of 160 rev. per min. in this 



time in seconds 

Fig. 7 

seconds for the motor to come up to speed. The 
voltage was, therefore, normal before the motor reached 
full speed. The exciter terminal voltage built up from 
110 to 220 volts in 1.1 seconds. 

_ The results of the tests under Group II are shown in 
Fig. 8. Without the voltage regulator in operation, the 
voltage dropped to 1920 volts in one second, and the 
motor reached full speed in 1.6 seconds. With the 
regulator in operation, the voltage dropped.to 2080 
volts in 0.4 seconds, and the motor was up to full speed 
in 1.4 seconds. 



Fig. 8 


The results of the tests under Group III are shown 
in Fig. 9. Without the voltage regulator in operation, 
the voltage was adjusted to 2540 volts on the generator 
with one motor running. The voltage dropped from 
2540 to 2140 volts when the second motor was started, 
recovered to 2350 volts, and finally reached a minimum 
of 1600 volts when the third motor was started. 

A record of the speed of the second motor was taken 
when the third motor was started. Although the 
voltage dropped considerably, the speed dropped 
gradually from 216 to 204 rev. per min. This drop in 
speed counteracted the voltage drop, so that the current 
taken by the motor only increased from 140 to 160 



Fig. 9 


direction, due to the water flowing out of the condenser. 
With the valve closed, it took about 40 seconds for the 
pump to stop. 

With the voltage regulator in operation, the voltage 
dropped to 2080 when the second motor was started. 
The voltage had been restored to 2350 volts at the time 
of starting the third motor and dropped to 2070 in 0.4 
seconds but was restored to normal in 1.7 seconds. 
In this case it took longer to bring the motor Up to speed 
because it was running at 75 rev. per min. in a reverse 
direction when the voltage was applied. It took 0.6 
second to stop the motor and a total of two seconds for 
the motor to reach full speed. 

_ The results of the tests under Group IV are shown in 
Fig. 10. Without the voltage regulator in operation 



the voltage dropped to 1300 volts in 13 seconds/and 
when the last circulating pump motor was staged, the 
voltage dropped to 900 volts and remained there. 
The second pump was rotating in a reverse direction and 
the voltage was not high enough to produce sufficient* 
torque to stop the pump before the test was 
discontinued. 

Under regulator control the application of the first 
load caused the voltage to drop to 1920 volts in 0.6 
second and it was restored to 2330 volts in two seconds. 
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When the second load was applied, the voltage dropped 
to 2000 volts in about one second and was restored to 
normal in 2.8 seconds. Again the pump was running 
at 70 rev. per min. in a reverse direction and it took 
a total of two seconds to start the motor. 

The current, when the second load was applied, 
decreased rapidly to 600 amperes and remained at that 
value for a time, again falling to 315 amperes. The 
second drop no doubt indicates where some of the high 
inertia fans, started with the first load, approached full 
speed. 

In no ease did the average speed of the turbine fall 
more than 3 per cent. Although the currents were 
comparatively large the actual load was not excessive 
and came on gradually. • 

A test was made to determine the torque necessary 


to start the motor revolving. This was done by lower¬ 
ing the generator voltage and connecting the motor to 
the generator by closing the oil circuit breaker. It was 
found that with 750 volts on the generator, the motor 
revolved slowly. Considering that the starting torque 
varies as the square of the applied voltage, this indicates 
that it took approximately 11 per cent of full-load 
torque to start the motor revolving. This test was 
made after the motor h'ad been run for a time. 

It is seen from these tests that the actual voltage 
conditions are much better than calculated, such 
calculations being based on steady state conditions, 
assuming an instantaneous decrease of generator flux 
and constant motor impedance. .The tests also show 
conclusively that an automatic voltage regulator has a 
decided stabilizing effect. 
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Synopsis . —This paper discusses the problem of obtaining 
selective relay protection in case of accidental grounds on high-tension 
isolated neutral systems. A relay was developed whose overcurrent 
element operates on the residual charging current which exists when a 
ground occurs on such a system , and whose directional element is 
operated by residual charging current and residual voltage. 
Two schemes can be employed: One using high-tension 
potential transformers for energizing the voltage coil of the 
directional element; the other , which is more complicated but 

Introduction 

S ELECTIVE protection in case of accidental grounds 
on systems either solidly grounded or grounded 
through a resistance is a problem which has been 
solved for some time in a satisfactory manner. The 
paper which is being presented at this same convention 
by Mr. B. M. Jones and Mr. G. B. Dodds gives an out¬ 
line^ covering the different relay systems which are 
commonly in use today. It was only for ungrounded 
systems, however, as well as systems grounded through 
an extremely high resistance, that no satisfactory 
solution had been found. 

In this paper a relay protective scheme is described 
which offers a solution of this problem. It makes use 
of the residual charging current for timing and of the 
jesidual charging current and residual voltage for 
directional discrimination. It can be used successfully 

1. Westinghouse Elec. & Mfg. Co., East Pittsburgh, Pa, 

2. Commonwealth Power Corp., Jackson, Mich. 

3. Consumers Power Co., Jackson, Mich. 

Presented at the Summer Convention of the A. I. E. E. } Detroit 
Mich., June 20 - 24 , 1927. Complete copies upon request. 


cheaper , making use of low-tension potential transformers. 

Tests were undertaken on the lZ+O-kv. system of the Consumers 
Power Co. to determine the effectiveness of this relay system under 
conditions of arcing and solid grounds. These tests were successful 
and it was therefore decided to make general use of such relay equip 
ment for the high-voltage isolated neutral system. The relay scheme 
was put into operation during March , 1926 , and the operating 
records available adequately substantiate the test results. 


on underground systems operating at high voltages 
and having lines of considerable length. 

Theory and Design 
General Theory . As is well known, the charging 
current obtaining on a three-phase system under normal 
conditions is caused by the capacity between wires as 
well as from each wire to ground. Since the capacity 
currents are equal in all three phases, the current in the 
neutral of three current transformers connected to the 
three phases of the system is normally zero. If a 
ground occurs on one of the phases, the balance is dis 
turbed, however. While the charging current due to 
the capacity between wires is still the same, assuming 
that the ground current is not large enough to influence 
the potential between conductors considerably, the 
capacity from each wire to ground t as changed. One of 
the phases is at ground potential, resulting in no charg 
ing current to ground, and the other two are now 1.73 
times normal line to neutral voltage above ground 
Therefore, a residual charging current results. This ii 
shown schematically in Fig. 2, Fig. 2a giving normal 
conditions and Fig. 2b showing vector relations in case 
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of a ground on phase A; charging currents due to the 
capacity between wires are not given, as they stay 
balanced and do not contribute to the residual current. 
The vectors for residual voltage are also shown in Fig. 2. 
Under normal conditions, the secondary delta of the 
star-delta potential transformer is closed, giving zero 
residual voltage. The star-side of the potential trans¬ 
former must be grounded. In case of a ground on one 
of the phases, e. g., phase A cltfse to the station, E a 
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I Phase Relations in case of a Ground on Phase "A' r (P A =0) 
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E Res =3 Times Normaltfec. Delta Voltage 


, \ I Leads E Res by 90 Deg, 

1 Res X 


|Fig. 2—Vector Relations on High-and Low-Voltage 
biDE under Normal Conditions and in Case of Accidental 
Ground. Relay Scheme Employs High-Voltage Potential 
Transformers. 

becomes zero, while E h and E c increase 1.73 times and 
also change in phase position. It is seen that the 
secondary delta is not closed any more and a residual 
voltage equal to three times the normal secondary delta 
voltage appears. 

Studying the phase relations between currents and 
voltages, it will be noted that the normal charging 
current to ground in each phase leads the voltage be¬ 
tween that phase and ground by 90 deg. and that 
under ground fault condition, the residual charging 
current also leads the residual voltage by 90 deg. 

. Gra Phic Representation of Residual Charging Current. 
m order to gain a clear conception of the operation of 
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t^is relay system, the distribution of the residual 
charging current over the line must be studied. An 
excellent equivalent method of arriving at the residual 
currents has been published/ the gist of which is given 
Here. With a solid ground at a certain point of the 
e , r f’ “ e Potential between the grounded conductor 
and the ground is reduced to zero at that point, the 
normal potential between line and ground being indi- 
ca e y E n , Fig. 3. Instead of studying this problem 
now as a three-phase unbalance, let us assume that all 
constants of the system remain unchanged and that a 
single-phase potential whose value is — E n is super¬ 
imposed over the normal potential at the point of 
accidental ground. The sum of these two potentials, 
=;* and ~ E y is zero, corresponding to a solid ground, 
me only difference between the system under normal 
conditions and in case of an accidental ground is now 
caused by this superimposed potential - E n . Due to 
the effect of this superimposed potential, a ground 
current I, is established which flows into the ground 
and divides itself up through the three parallel branches 
ot the capacity to ground, C, of the polyphase system. 

It flows through these back to the ground connection, 
on the grounded phase directly and on the two un¬ 
bounded phases through the windings of the trans¬ 
formers; see Fig. 3b. In the grounded conductor, the 
ground current due to - E n neutralizes the normal 
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Fig. 3—Graphic Representation of Residual Charging 
Current 

capacity current. The latter is not shown. In the* 
ungrounded conductors/it adds to the normal capacity 
current. 

The char ging currents enter the system equally dis- 

4. See R. Rudenberg, “Eleetriscke Schaltvorgange,” pp. 
150-152, Julius Springer, Berlin, 1923. 
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Synopsis . —Load ratio control of transformers , which means the 
possibility of changing the transformation ratio without inter¬ 
rupting the load , has found very rapid adoption on account of its 
wide application possibility. It provides the long sought solution 
for a voltage regulation on industrial loads and large blocks of power , 
and enables a perfect tie-in operation of two or more power systems 


with any desired load dispatch regardless of voltage or power factor. 
It is the only economical method known to operate extended trans¬ 
mission systems on an egui-potential basis. The paper gives the 
various possible applications and some details of the electrical and 
mechanical design of the apparatus. 


Application 

T HE numerous papers published during the last 
two or three years on transformer equipments in 
which voltage taps can be changed without drop¬ 
ping the load, dealtwith the subject either in a theoret¬ 
ical way or they described a particular installation. 
A large and continuous amount of research and con¬ 
structive work has been and is being done by a number 
of large manufacturers to improve such apparatus. 
Seldom before have operating engineers so quickly 
taken up a newly developed line of equipment. In 
less than three years since its conception one manu¬ 
facturer alone has been able to place well over one 
million kilovolt-amperes of load ratio control trans¬ 
formers in service. 

Several reasons account for this almost spontaneous 
adoption, the most outstanding of which is the wide 
variety of possible applications. 

It is the purpose of this paper to enumerate these 
applications, to give examples of typical existing 
installations and to give a short account of the design 
of such equipments. 

A change of the potential across the secondary 
terminals of a transformer or a voltage regulation of 
its secondary without disturbing the existing load is the 
basic foundation of all applications. 

A single-phase industrial load with a demand for 
frequently changing voltage is the simplest application 
of load ratio control. Electric furnace work is the chief 
representative of this class of service. The close regu¬ 
lation of temperature usually demanded for resistance 
or arc type furnaces calls for a relatively large number 
of taps on the transformer winding; up to 20 voltages 
?will not be unusual. This wide range is invariably 
combined with very frequent operation. Assuming 
three^heats per 24 hr. and a gradual rise of voltage over 
a range of 18 steps for each with return to the lowest 
before the next heat, gives, for example, 108 operations 
per day. When it is considered that installations of 
this type are, as a rule, placed and operated in a perma- 

1. Transformer En gg. Dept., General Electric Co., Pitts- 
field, Mass. 

Presented at the Regional Meeting of District No. 1 of the 
A. I. E. E., Pittsfield, Mass., May 25-88,1927. 


nently very dusty atmosphere, it appears obvious that 
only the most sturdy equipment can be expected to 
stand up under these conditions. 

Tap switches, or as they have become known, “ratio 
adjusters,” are at present not commonly made for 
more than 12 positions. With an arrangement as shown 
in Fig. 1, however, it is possible to make as many as 22 
connections. One of the two switches Si and tfi'jis 
normally closed; during a brief transient period both 
of them appear closed. Sufficient reactance in the 



Fig. 1—Load Ratio Control Diagram tor a Large Number 
of Taps 

winding limits the circulating current. The ratio 
adjusters RA X and R A 2 are mechanically connected 
by an intermittent gearing, permitting the turmng^cf 
only one of them at a time. '' - 

By providing three-phase switches and ratio, 
justers, the above described equipment is applies 
to a three-phase industrial load taken from either a 
three-phase transformer or a three-phase bank. Re¬ 
maining within manageable limits of current and volt¬ 
age will decide in each case in which winding the ratio 
adjusters can best be placed. In determining the cost 
of such equipment for different voltage limits, a great 
difference will be found between windings which are 
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ground and grounded Y transformers, 
! ters and switches must be chosen for full 
* in the former case, while on grounded 
' a fraction of the line yoltage is impressed 

' ers and switches if they are placed at the 

ici. 

e r-haps in size and capacity, no definite 
-9.31 be made between a transformer for an 


Ldad ratio control equipments for these two types, 
while basically identical in performance, may differ 
in their execution. 

It seems beyond doubt that the placing of the desired 



r * 2 Average Daily Load Curve 

id and a transformer in a station which 
lock of power for a wide variety of con- 
asequently load ratio control equipments 
these cases will be called upon to perform 
me duties. Experience has shown, how- 
Le frequency of operation which may be 
a the tap changing apparatus on a station 
is rather small. An adjustment of line 





Ratio Control Transformer, Rated H-60- 
8333-69300-11550 

lly desirable only when the load changes 
$ close voltage control is usually obtained 
1 feeder regulators. The average daily 
iWs seven major changes. See Fig. 2. 
gformation of large blocks of power with 
not exceeding about 66 kv., the cus- 
,osse between three-phase units or banks 
.-phase units. Installations for higher 
& are built as banks of single-phase units. 
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Fig. 4—Single-Phase Diagram of Load Ratio Control, 
Using Power Transformers With Separate Regulating 
Transformer 

• 

number of voltage taps on the main winding of the 
power transformer itself is the logical and most economic 
method for any three-phase transformer. The ratio 
adjusters and the required intermittent gear can well 
be located within the transformer tank, which mini- 
mizes the use of high-voltage bushings. «. 

Not quite so obvious is the decision as to which 
method of load ratio control will be the most satis¬ 
factory for a bank of three single-phase transformers. 
According to one method, each phase may be considered 
as its own transformer with its load ratio control 





fill i 
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Fig. 5 Installation at Schuylkill Station of Phila¬ 
delphia Electric Co., 60,000-Kv-a. Bank, With Three- 
Jthase Regulating Transformer 

apparatus, and the remote control is so arranged that 
all three transformers are changed simultaneously. 
Each transformer has the requisite number of taps, 
two ratio adjusters, an intermittent gearing and its 
external remote control operating mechanism. Fig. 3 
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tributed over the entire length so that the current in 
all three conductors increases lineally from the far en . 
An interruption of the linear relation exists in e 
grounded conductor at the point of ground. To e 
right of the ground point, the current flows in the same 
direction as in the ungrounded conductors; to the le , 
that part of the ground current which is caused by the 
grounded line itself flows through its own circuit to the 
point of ground, increasing in the opposite direction. 
Also, the two -currents of the ungrounded conductors 
combine and return over this conductor to the ground 
point. 

The distribution of the ground or residual current is 
obtained by adding the charging currents in each phase. 
This current is also shown in Eig. 3b. In the earth, 
one part of the current spreads out along the conductor 
path to the right and the other to the left. Both have a 
-linear increase. 

This current distribution, due to the accidental 
ground connection, superimposes itself over the normal 
current of the system, both the normal capacity and 
normal load currents, and produces a single-phase 
load and therefore dissymmetry in the potential and 
current of the system. 

The total residual charging current depends on the 
constants of the line and can be calculated rather 

accurately. 

Calculation of Residual Charging _Current. The 
capacity to ground is given by the formula: 

0.03882 

C = -jj-j- (g f. per mile) 5 , 


where 

h = height above ground in inches, 

r® = equivalent radius of line conductors in inches. 

The value of r 0 for different circuits may be computed 

as follows: 

One circuit on pole: 

r 0 = -v / r d- 

Two circuits on same pole: 

r® = r d 5 

r = average physical radius of conductor in inches, 
d' = effective spacing of conductors in inches. 
Capacity per mile, in farads: 

. _ 0.03882 


Admittance pa- mile, in mhos: 

Y = 2xfC 

The residual charging current in amperes per mile, in 
case of ground on one phase: 

I = E n Y {E n = line to neutral voltage) 

5. Refer to Standard Handbook for Elec. Engrs., 5th edition 
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The series impedance, the impedance which the con¬ 
ductors offer to the flow of charging current, is negli¬ 
gible in comparison with the impedance to ground 
through capacity, and therefore has been neglected in 
the above calculations. . 

The residual charging current in a grounded poly¬ 
phase system is three times as great as the normal 
capacity current to ground of each ungrounded 
conductor. 

Behavior of Residual Charging Current. Referring 
back to the distribution of the residual charging current 
as shown in Fig. 3b, bottom, let us now note certain 
important facts in regard to the behavior of this current 
under different conditions of system connections and 
grounds. 

a. The residual charging current is a maximum at 
the point of fault, and is zero at the far ends of the line. 

b. The total value of residual charging current is 
practically constant for a given length of line, voltage, 
etc., no matter at which point of the line the ground 
occurs, neglecting the series impedance. Thisjjs 
illustrated in Fig. 4. 

rsil 2 l5&5j) 25 0, 


'100 Amp. 
,0 50 0. 


:0 50 150 100 ,100 50 0 

o r v i —=—=i 

1*200 

o jo 100,100 150 50 o 

m-—r+— 1 

4I2OO 

• “ 

Fig. 4—Distribution or Residual Charge Current 

• 

c. The value of the residual charging current is 
constant, regardless of the location of generating 
capacity, since no residual current can flow through 
ungrounded apparatus. The three line currents must 
add to zero in the apparatus. 

d. In the case of single lines, the value of residual 
current at a given distance from the end of a line and 
for a given direction of current flow is constant no 
matter at which point of the system the ground fault 
occurs; also shown in Fig. 4. 

Relay Protection. In order to utilize properly the 
characteristics of the residual charging current, a relay 
is used which has both a current and a directional ele¬ 
ment (see Fig. 2). The directional element utilizes the 
residual current and residual voltage and closes its 
contacts only if power flows in a given directioi 
The current element is energized by the residual currer 
and can be used either on the definite minimum 0 : 
inverse part of the time curve, since the relay can h 
set to close contacts in a given time with a certai 
current flowing. As mentioned before, the currei- 
through the relay is constant for a ground at any poM- 


i; 
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on the system, for a given system conenction and given 
direction of power flow. 

Fig. 6 shows a typical radial single line system. 
The time settings of the relays for given currents are 
indicated, as well a^s the tripping direction of the 
directional element. Grounds are assumed at several 
points to illustrate the operation of the relay system. 

Since there is no residual current at the extreme end 
of the line, charging current ground relays cannot be 
made to operate at that point. However, a residual 
voltage relay, as shown in Fig. 1, can be used at the far 


(a) Relay Settings 

400 100 300 200 200 300 

0.1 .1.6 0.6 i.i 1.1.06 


100 400 Amperes 
l&u.OJ Secon| fe 
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with the relay system used by the Consumers Power 
Company. 

. De ^9 n °f Relay. The design of this relay was a 
simple problem after the behavior of the residual 
charging current and voltage had Been studied. A 

AI Res (Current Coil) 


^ Res (Potential Coil) 

> 

I Res (Potential Coil) 

Fig. 7 Vector Relathjn of Current and Potential of 
Relay Coils 
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Generator end of line must be opened 
by operator, or a residual voltage relay 
can be used. (Set for 2.1 Secs.) 


(d) Assume Ground at C 3 
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OAliJ j-l.J 
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Pm. 6—Application op Directional Relay—Operating 
on Residual Charging Current—to a Radial Single Line 
System 


end of the line, set for a long time delay so that it will 
not interfere with the time selectivity at other points. 

Protection of Parallel Lines. The protection of 
parallel lines can be accomplished in two ways. The 
simplest solution is the use of differential current 
ground relays, operating on the unbalance of the 
residual currents in the parallel lines with a ground 
on one of them. Another solution is the use of di¬ 
rectional current relays as employed on single lines, 
except that here they must be used on the inverse 
portion of the time curve to obtain proper selectivity. 

This problem is discussed in more detail in connection 


standard low energy directional relay is used, except 
for the current phase-angle relations in the potential 
coil. As is evident from Fig. 2, the residual charge- 



Pig. 9 —System Connections op 140-Kv., 60-Cycle, H-8 

System 


current leads the residual voltage by 90 deg., neglecting* 
a shift due to the series impedance of the line, which 
may shift the current 10 deg. to 15 deg. 

The. standard directional relay as used for short- 
circuit protection is designed to give maximum torque 
if the current in the current coil and the voltage in the 
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voltage coil are in phase. This is achieved by lagging 
the current in the potential coil by almost 90 deg., 
since maximum torque in an induction element is 
obtained with the two fluxes, or two currents, 90 deg. 
out of phase. 

Now, in the residual charging current relay, the 
current normally leads the residual voltage by almost 
90 deg. Therefore, to obtain good torque conditions, 


Alcona 

2-4444 Kv-a: 
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3-3333 Kv-a. 
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2-3333 Kv-a 
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Fig. 10—System Connections used for Ground Tests— 
August 16, 1925 



Line length 

1_ 

Generating capacity 

1 1 

x esb 

No. 

Total 

*Eff. 

Station 

Generators 

Reactors 

1 

128.9 

89.2 

Cooke 

3-3333 kv-a. 

6000 kv-a. 

" 2,3 

188.9 

149.2 

Foote 

Cooke 

2- 3333 kv-a. 

3— 3333 kv—a* 

6000 kv-a. 

4,5,6 

149.2 

149.2 

Foote 

Alcona 

Alcona 

2-3333 kv-a. 
2-4444 kv-a. 
2-4444 kv-a. 

6000 kv-a. 
6000 kv-a. 


this reason, another relay scheme was worked out 
which can be used in connection with low-tension 
potential transformers. 6 It necessitates complication 
of connections and great care in checking polarities, but 
it will bring about material savings in cost. 

Application 

System Connections. The Consumers Power Com¬ 
pany have a 140-kv. r 60-cycle isolated neutral trans¬ 
mission system having a total connected length of 
approximately 380 mi. and extending from hydroelectric 
generating plants in the northern part of the state 
down along the eastern side through Saginaw, Flint, 


to 22 Kv. Bus 


To Emery Jc. 



To 22 Kv. Bus 
' (open) 


Special Ground Belays 


To Emery Jc. 

4 4 4 


♦Effective line length is the length of the connected line on opposite 
side of ground relays from ground fault. (Effective in producing residual 
charging current through relay.) 

the current in the potential coil is brought practically 
in phase with the potential by adding a resistor R, 
Fig. 2, in series with the potential coil. The vector 
relations in the relay are shown in Fig. 7. It should 
be pointed out that the current and voltage in the 
relay are zero except in case of a ground, thus per¬ 
mitting the use of a sensitive device. 

Scheme using Low-Tension Potential Transformers. 
The relay scheme discussed so far necessitates the use of 
high-tension potential transformers, since the unbalance 
of the neutral voltages on the high-tension side is not 
transmitted to the low-tension side through a power 
transformer bank if the high-tension side of the bank is 
ungrounded. 

Naturally, high-tension potential transformers in¬ 
volve a great expense on high-voltage systems. For 



140 Kv. to 


Edenville 


Fig. 11—Relay Schemes used for Ground Tests 

A. High-voltage potential transformer scheme 

B. Low-voltage potential transformer scheme 

and across to Battle Creek. This is known as the 
“H-8” system and is shown in a simplified manner in 
Fig. 9. Power is supplied from hydroelectric generating 
stations in the Ausable River and the steam generating 
stations at Saginaw, Flint and Battle Creek. Important 
loads are served from this transmission system at 
Saginaw, Edenville, Flint, Owosso, Lansing, Charlotte 
and the Battle Creek stations. 

Field Tests. In connection with the application of 

6. This scheme was developed in cooperation with Mr. H. A. 
Travers and details of it are given in the unabridged paper. 
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this ground relaying scheme, it was decided that a field 
test should be made to check the theoretical calcula¬ 
tions of the amount and distribution of residual charg¬ 
ing current under ground fault conditions and also 
to observe the actual^operation of the special directional 
ground' relays which had been developed. Fig. 10 
shows the system connections, generating capacity, 
test connections and fault conditions during the tests. 
Power was supplied by hydroelectric generating 
stations* on the Ausable River feeding through the 
140-kv. lines to the Saginaw River Steam Plant and on 
to Edenville. The connected length of line and the 
generating capacity used during the tests are indicated 
Both solid and arcing ground tests were made, the 
latter conditions being obtained by connecting a line 
wire to approximately 300 ft. of wire lying on the 
ground. 

Two different schemes of ground protection had been 
developed, one using high-tension potential trans¬ 
formers and the other using low-voltage potential 
transformers. Both schemes were tested out at this 
time and the detailed test connections used are shown 
in Fig. 11, a and B. The regular high-tension potential 
transformers were not available for these tests and 
therefore a large bank of F-F-connected, 140/22-kv. 
power transformers were used to step the voltage down 
from 140 kv. to 22 kv. The neutrals of this Y-Y 
transformer bank were grounded when testing scheme 
No. 1, but not when testing scheme No. 2. In each 
case, 24,000/120-volt potential transformers were used 
to supply potential for the relays and they were con 
nected Y-Y for testing scheme No. 1 and T-delta for 
scheme No. 2. 

Four special type C R directional ground relays were 
provided, one for scheme No. 1 and three for scheme 
No.. 2, together with various indicating meters at the 
Sagmaw River Station. A standard 100/5-ampere, 
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15-kv. instrument current transformer was connected 
in the ground lead at the point of fault and a high 
speed graphic ammeter, having a roll speed of approxi¬ 
mately nine in. per min., was used to give an indication 
of the actual amount of ground fault’current obtained. 
The various tests were made as follows: 


Test no. 

Relay scheme 

Ground 

Location 

Nature 

1 

Low tension (No. 2) 

Edenville 

Solid 

2 

Low tension (No. 2) 

Edenville 

Arcing 

3 

High tension (No. 1) 

Edenville 

Arcing 

4 

High tehsion (No. 1) 

Saginaw River 

Solid 

5 

Low tension (No. 2) 

Saginaw River 

Solid 

6 

Low tension (No. 2) 

i 

Saginaw River 

Arcing 


The results of the above tests were satisfactory and 

asummary of them is given in Table I. 

Some line trouble in the nature of high-resistance 
intermittent grounds was experienced before and during 
the tests, which trouble was later found to be due to 
the line arcing into trees north of Saginaw. This 
somewhat affected the results, especially the accurate 
observation of current and voltage readings. It should 
be noted here that, judging from subsequent data on 
relay operations, during fault conditions, the actual 
ground currents obtained must have been within 10 
to 20 per cent of the calculated values since the actual 
tripping time of the relays was very close to the calcu¬ 
lated time. The test demonstrated that scheme No. 1, 
using high-tension potential transformers, will work 
satisfactorily with either a solid or with an arcing 
ground. 

Because of the line trouble experienced, the test of the 
scheme using low-tension potential did not give con¬ 
clusive evidence of satisfactory operation, although 
correct indications were observed. Therefore a further 
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test of this scheme was made extending over a period of 
several weeks, this being in the nature of an operating 
test with the relays connected so that their operation 
under actual system conditions would be recorded. This 
test, which is described in the unabridged paper, 
proved the correctness of the scheme. 

Bushing Type Current Transformer Tests. At the 
time the application of these ground relays was being 
studied, there was little information available regarding 
the actual ratio and phase-angle characteristics of bush¬ 
ing type current transformers, especially under con- 
„ ditions of low or unbalanced primary currents and high 
secondary burdens. The amount of residual charging 
current available is small even under the best conditions 



x y z 


Pig. 13 Directional Ground Relay Protection using 
High-Tension Potential Transformers 

and Its phase relation is such that the phase-angle 
errors of the current transformers should be known, 
particularly for the low-tension relay scheme. The 
directional ground relays impose a considerable burden 
■on the current transformers, it being in the nature of 
eight ohms oronevolt—ampere per relay at the minimum 
tripping current. For these reasons, special ratio and 
phase-angle tests were made on several bushing type 
current transformers under conditions of primary cur¬ 
rents and secondary burdens approximating those which 
were expected in service with the ground relays. The 
results of these and subsequent tests are given in the 
unabridged paper. 

Installations. One type C R directional ground cur¬ 
rent relay is used for ground protection on each of the 


140-kv. lines at the Saginaw River Steam Plant and 
connected as shown in Fig. 13. The oil circuit breakers 
are equipped with three bushing type current trans¬ 
formers and the current coil of the ground relay is 
connected in the neutral circuit of. the bushing current 
transformers. Two banks of high-tension potential 
transformers rated 83,200/69.2 volts and connected 
Y-Y grounded are used, together with 70/120-volt 
auxiliary potential transformers connected T-delta 
to furnish the potential for the ground relays. The 
auxiliary potential transformers are necessary because 
the high-tension potential transformers must be con¬ 
nected Y-Y and used for other relaying and synchroniz¬ 
ing purposes. The potential coils of the ground relays 
are connected inside the delta circuit of the a uxiliar y 
potential transformers. One set of potential trans- 


ffABLE II 

TOTAL RESIDUAL CHARGING CURRENT 


Transmission line section 

Length 

/ 

Ausable to Saginaw. 

.. 149.2 

97 

Edenville to Saginaw. 

. 39.7 

26 

Saginaw to Flint (H-8). 

.. 41 (Av.) 

27 

Saginaw to Flint (K-ll). 

. 41 (Av.) 

27 

Flint to Battle Creek. 

. Ill 

72 


formers is connected to each 140-kv. bus and auxiliary 
relays are provided to automatically transfer the poten¬ 
tial circuits of the relays from one set to the other in 
case either one is de-energized. 

A similar installation of directional ground relays 
and potential transformers is provided for the various 
140-kv. lines at the Flint-Garfield Avenue Substation. 
The directional ground relays cannot he used at the end 
of a single line and 'therefore they are not installed at 
the present time at Edenville or Battle Creek. Also, 
no residual foltage relay is used at these stations since 
no high-tension potential transformers are available. 

Ground Current Calculations. The amount and divi¬ 
sion of ground current flowing under various conditions 
of line-to-ground faults was .calculated in order to 
determine the proper relay settings. These calculations 
were based on the line capacity and residual charging 
current formulas previously given. All the necessary 
circuit data are given in Fig. 9, except for the average 
height above ground, which is 50 ft. Therefore, for the 
lines on this particular system, h = 600 and r 0 (average) 
= 18.2. Substituting these values in the formulas: 

„ . 0.03882 

Capacity (C) = -— x 10- 6 = 0.0214 X/" 

log io - 


farads per mi. 

Admittance (Y) = 2/C = 8.06 X 10~ 6 mhos per 
Residual charging current (I) — E„Y = 0.65 amper 
per mi. 

The total residual charging currents for the vario 
sections of transmission lines are given in Table II. 

As previously mentioned, the division of residu 
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charging current depends on the transmission line 
lengths and connections. The calculated division of 
residual charging current and the relay operation for 
several assumed conditions of line-to-ground faults are 
given in Fig. 16, A, J3 and c. In Fig. 14a, a line-to- 
ground fault is assumed on the H -8 north line at Sagi¬ 
naw and the total residual charging current at the fault 
is 248 amperes; of this, 152 amperes pass through 
breaker No. 177 and the rest flow’’ in the opposite direc¬ 
tion.. The current through breaker No. 177 further 
subdivides as indicated. The 152 primary amperes 
give 2.0 secondary amperes and with the relays set 


The values of residual ground current obtainable 
are small and the relay current settings were therefore 
made as low as possible. The relays on each end of the 
Saginaw-Flint tie lines were set to operate on the in¬ 
verse part of the time—current curve so as to operate 
selectively under all conditions. The time settings 
selected were such as will give a rather long time delay 
m order to allow minor flashovers to clear themselves 
before the relays operate. This helps to prevent dis¬ 
connecting the lines unless serious trouble develops. 

TABLE III . 

RELAY CURR ENT AND TIME SETTINGS 
Circuit breaker I Relay settings 


Station 

Saginaw 


Number 


Current 

0.5 Amp. 
0.5 “ 

0.5 

0.5 “ 

0.5 

0.5 “ 

0.5 “ 


Lever No. 1 
“ No. 1 
“ No. 3 
“ No. 3 
“ No. 3 
“ No. 3 
“ No. I 


A-36 l[j]177 a -36([|]27 7 

A-72 J lj] 188 F 

A-26 \ io 7 7* 96 t^ 177 


Saginaw 277 it 26 "j 77 A f96-A 


0188 C 

A-185 t 

S 288 A-185 

__j||, - 

A-122) 

B-1.6 ( 122 

1188 ( 

63 | 

248 ( 6-1.2 

C-3.2 I 

D-2.4J ^ 


(b) 


After O.C.B. 

288 Opens * 

(c) 

J177 A-36)C 

] 277 

A-149 f c 

3 177 277 T 


A-72 jn 188 


(r h 





Curve for Lever Setting No.10 Other 
Lever Settings Proportional 


8 10 12 14 16 

TIMES PICKUP CURRENT 


j±l~H 


Eig. 14 Division op Residual Charging Current 
Underground Fault Conditions 

on current tap 0.5 and lever No. 1, they will operate 
in 0.6 sec. as shown by their time—current character¬ 
istic curve, Figs. 14d, Figs. 14b and 16c show the divi¬ 
sion of residual currents in case of a line-to-ground 
fault on one of the Saginaw-Flint tie lines at Saginaw. 
Under such conditions and with the tie line relays set 
on current tap 0.5 and lever No. 3, the relays on breaker 
No. 288 at Saginaw will operate in 1.2 sec. and those on 
breaker No. 277 at Flint will operate in 2.15 sec., total 
time from occurrence of fault. The current and time 
settings used on all the relays are given in Table III. 


Testing Directional Connections. Each directional 
ground relay must be connected so that it will operate 
in the proper direction when a ground fault occurs on 
its particular line. The residual charging current has a 
90-deg. phase relation with the residual voltage and it 
would be desirable to be able to test these v relays by 
actually putting a ground on the line but this cannot 
be conveniently done on this system and therefore the 
i Proper conditions have to be approximated by an 
artificial similation of grounded conditions using 
s norma 1 voltage and load currents. 

De-energizing one phase of the auxiliary potential 
transformers gives a potential across the ground relay 
terminals which will have the same relative phase 
relation as the residual potential across the relay 
terminals when the A-phase of the line is grounded. 
The relay should thus operate properly with this poten¬ 
tial and with a current leading it by 90 deg. If act ual 
load currents are used, the direction of power flow must 
be ascertained in order to determine whether the direc¬ 
tional contacts of the relay should open or close under 
the test conditions. 

The actual procedure used in testing the directional 
setting of these ground relays is described in the un¬ 
abridged paper. 

Operation and Results v 

Relay Operation. Approximately 75 per cent of the 
operations of these ground relays during 1926 have 
been found to be definitely correct. The remaining 
25 per cent of the operations were questionable, as no 
indication' of trouble was found. In connection with* 
the questionable cases of operation, it should be under¬ 
stood that with the isolated neutral system, a great 
many cases of insulator flashovers have occurred and 
cleared themselves before any serious system dis¬ 
turbance developed. With the trouble which was 
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experienced with potential transformer fuses blowing, 
there was always a question as to whether these fuses 
did not blow before the relays had a chance to operate 
in case of line trouble. Also, while these flashovers 
constitute a ground fault, the relays may operate before 
the damage to insulators or conductors is of sufficient 
magnitude to be noticeable on casual inspection. 

Since the resistors were installed to prevent the fuses 
in the potential transformer secondary circuits from 
blowing, 7 there* has been no questionable operation. 
Several definite cases of ground faults have been 
Isolated by these relays, and we feel confident that they 
will continue to operate in this satisfactory manner. 

A point to be particularly mentioned in connection 
with these relays is the necessity ^of keeping the system 
connected at all times in order to obtain as much 
residual charging current as possible. Formerly, during 
times of storm, the system was split up in order to 
isolate any possible cases of trouble. With this method 

7. See unabridged paper. 


of relaying, however, it is essential to keep the system 
all connected together, and this is favorable to the 
present load conditions, as it is frequently impossible 
to split the system due to need for all of the generating 
equipment on the line. 

Future Installations. Due to the very favorable 
operation of the relays which are installed at the 
Saginaw River Steam Plant and Garfield Avenue 
Substation, it' is planned to increase the number of 
installations on the system. At large substations 
where it is planned to use high-tension potential 
transformers, the present relay scheme will be used. 
At the smaller stations having no high-tension potential 
transformer, the relay scheme utilizing the low-tension 
potential transformers will be used. With this second 
scheme, it is much more difficult to obtain the correct 
directional setting, but after the relays are installed 
and adjusted, they should work satisfactorily. Within 
the next year, these ground relays will probably be 
installed on the 140-kv. lines at our Owosso, Charlotte 
and Blackstone substations. 


Abridgment of 

The Electric Arc 

BY K. T. COMPTON* - 


Non-member 


Synopsis—DEFINITION OF ARC . An arc is a discharge of 
electricity , between electrodes in a gas or vapor, which has a voltage 
drop at the cathode of the order of the minimum ionizing or minimum 
exciting potential of the gas or vapor . 

ARC CHARACTERISTICS. The relation of arcs to glow dis¬ 
charges and coronas is illustrated by discussion of “ generalized ” 
curve of the gas discharge characteristic. Empirical equations for 
arc characteristics are interpreted , and a dependence on the boiling 
temperature of the anode is shown. SeeUger's experiments on 
the transition from glow to arc , accompanied by the development 
of a cathode spot , show that the mechanism, of the current at the 
cathode is fundamentally different in the two types of discharge . 

CATHODE SPOT. An analysis based on heat conduction in 
ike cathode shows that the cathode spot has no sharp thermal defi¬ 
nition, but does have a sharp boundary if defined by visual brightness 
or by thermionic emission. The phenomenon of moving cathode 
spates presents the problem of accounting for the observed 
temperatures. 

Definition of Electric Arc 

O NE is struek, in reading the literature of this sub¬ 
ject, at finding no precise definition of an arc. 

,. . P? 1 ® * s due to that although we readily 

distinguish common forms of arcs from sparks, flow 

^ ^ 3X6 ^nations 
from one form to another so that the distinction is 

sometunes dlfficult to make. Child* describes an arc 

;^ r i P I 5 7 Princeton University, Princeton, N. J. 
1. tor all numbered references, see Bibliography. 

Presented at the Summer Convention of the A T w w r> * u 
Mich., June 20-2 4 ,1927. Complete cofies ttonre^et' 


THEORIES OF CATHODE FALL. Compton's theory is 
based on space charge considerations and the assumption that 
the thickness of the fall space is equal to the electronic mean free 
path. Langmuir's theory differs from Compton's in assuming 
this thickness to be considerably less than a free path. Considerar 
tions of energy balance at the cathode definitely support Langmuir's 
rather than Cfimpton's theory. 

ENERGY BALANCE AT CATHODE. Calorimetric mea¬ 
surements permit an estimate of the fraction of the current at the 
cathode which is carried by electrons. Though uncertain , the 
data are accurate enough definitely to support Langmuir's theory 
and to indicate that, in many cases, thermionic emission of 
electrons from the cathode is supplemented by a u pulling out” 
of electrons by the electric field which is concentrated at the cathode 
surface. 

Factors which determine the anode drop and the potential fall 
and ionization in the negative glow and the positive column are 
briefly discussed. 

as “a continuous current of several amperes or more, 
passing through a gas and having a cathode drop which 
is comparatively small.” Hagenbach 2 says, “In order 
to be able to define the arc, the cathode fall must be 
taken to be characteristic. As compared with the glow 
discharge, it is small . . . ” 

The arc is characterized by a larger current and a 
lower voltage than any other type of gas discharge. 
The total voltage across the arc is the sum of (1) the 
cathode drop, which has a value characteristic of the 
gas; (2) the anode drop, which depends on the size and 
shape of the anode as well as the nature of the gas and 
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its degree of ionization, and which may be positive or 
negative in sign; (3) the drop along the positive column, 
which is generally proportional to the length of the 
positive column and depends on the current and the 
nature and density^ of the gas; (4) a voltage drop, 
generally negative but usually small, between the region 
of the cathode fall and the beginning of the positive 
column. Of these parts it is only the cathode drop 
which appears to have a definite characteristic value; 
the other three may be altered or eliminated by altering 
the current, the pressure or the geometry of the arc 
path. 

In view of these considerations, which will be ampli¬ 
fied later, the following definition of an arc is proposed: 

An arc is a discharge of electricity, between electrodes in a 
gas or vapor , which has a voltage drop at the cathode of 
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the order of the minimum ionizing or minimum exciting 
potential of the gas or vapor . 

It must be remembered, however, that there are 
transition stages between typical arcs and typical glow 
discharges which cannot be defined as either 3 . 

Discharge Characteristics and Types 
of Discharge 

The relation of the arc to other types of gas discharge^! ~ " 

istic 6 ? ll The r ?^wt 6g ® ner f Z6ddischi f ge characterO’characteristic curve (2) be greater than that of the 
plest gas discharge circuit consists of a external characteristic 


In Fig. 1 the external characteristic is represented by a 
straight line of slope - 1/R and voltage intercept E. 
The internal characteristic is represented by the curve 
0 0 G G A A . The possible values of current and 
voltage are given by the intersection points of these 
curves (1) and (2). 

If, keeping R constant, E is gradually increased from 
an initial value 0, the current is first small and the volt- 
ampere characteristic is positive. This is the region of 
corona, or Townsend currents 0 O'. .Beyond O' the 
current rapidly increases, the volt-ampere character¬ 
istic is negative and we have the region of the*glow 
discharge GG'. The current jumps diseontinuously ' 
Irom point B to point C on the curve. Obviously, the 
entire glow discharge may be skipped over if the 
resistance R is small, i. e., the slope of the line E B C 
large. In this case the discharge passes abruptly from 
the corona to the arc type. On the other hand, if the 
resistance R is very large and the lin eEBC, almost 
horizontal, the entire change from corona through 
glow to arc may be passed through continuously. 

At G' A there is a transition from glow to arc. 
Sometimes this transition is gradual and sometimes 
abrupt, in which cases the curve is rounded or sharp 
at the transition region G'A. If the transition is 
abrupt there is evidence that the glow and arc charac¬ 
teristics intersect and maybe prolonged as G'G" and 
A A, and it is then possible to have either an arc or a 
glow discharge at the same voltage, or at the same 
current, and we have, within a small range, the anoma¬ 
lous situation of a low discharge carrying larger cur¬ 
rents than the arc at the same voltage. 

In general, it is possible to determine the entire dis¬ 
charge characteristic of any given type of discharge 
apparatus by using sufficiently large ballast resistance, 

R, and correspondingly large e. m. f., E. Once this 
characteristic is known, the various changes in the 
discharge, which will be found when any variations of 
E or R are made in the circuit, may be predicted. 

In this connection, mention only may be made of a 
very complete discussion of the question of stability of 
gas discharges given by Dallenbach 5 and summarized 
by Bar 6 . The fundamental condition for stability 7 is 
d V 

that ~ Hi < R > e -’ that the sl °P e of the internal u 


istic. 4 The simplest gas discharge circuit consists of a 
source of e. m. f., E, a discharge between electrodes, D, 
and a series resistance, R, together with an ammeter 
and a voltmeter to measure the current i and the 
voltage drop V across the discharge. The external 
circuit characteristic is obviously 

E = V + Ri. (1) 

The nature of the discharge apparatus itself is given by 
an internal characteristic 

V =f (i). (2) 


lexternal characteristic curve (1). In addition to tins, 
inductance and capacity and inertia of ions must be 
taken into consideration. • • 

Fundamental Importance of Phenomena 

at Cathode . 

All lines of evidence indicate that the essential feature 
of an arc is the emission of electrons from the cathode 
which produces sufficient ionization of the surrounding 
gas to give a positive space charge just outside the 
cathode, thus facilitating ionization and permitting a 
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generally saturation, electron emission at rela-* 
low voltage. All other characteristics of arcs 
>ear to be either consequences of this emission or 
prerequisites to it under the particular physical con¬ 
ditions in which the are is produced. Theoretically 
any mechanism or process for supplying electrons from 
a cathode in sufficient numbers to produce at low volt¬ 
ages of the order of the minimum critical potentials of 
the gas enough ionization to give a positive space charge 
should suffice tq maintain an are. Actually, however, 
only two emission processes seem capable of supplying 
electron emission in sufficient amount: thermionic 
emission and the pulling of electrons from the cathode 
by the large field in the cathode fall space, or a combina¬ 
tion of these two. J. J. Thomson 8 and Stark 9 first 
suggested the former theory and fangmuir 10 the latter 
one. The present evidence, some of which we shall 
now review, points to the truth of each in particular 
roses and generally to a combination of both. 

Cathode Spot: Area, Temperature, Current 
Density 

In all arcs except those in which the cathode has 
small area and cannot lose heat rapidly by metallic 
conduction (as in ares with hot filament cathodes as 
used in Tungar rectifiers) or those whose temperature 
is maintained primarily by external heating the current 
at the cathode is concentrated in a small area called 
the “cathode spot.” To study the physical condition 
of the cathode, we must therefore examine this cathode 
spot. This is extremely difficult, however, owing to' 
its small size, its frequent rapid motion, and the diffi¬ 
culty in defining it. Until very recently there were no 
measurements of the area of the cathode spot except in 
the ease of carbon arcs, but recently measurements also 
have been made on several metallic arcs. These 
results are shown in Table I. 

In the case of carbon, the spot is stationary and the 
chief source of error is probably in the measurement of 
the photographic plate or the interpretation of visual 
observations. It should be remarked, moreover, that 
different grades of carbon give different results, pre¬ 
sumably due to the effect of alkaline impurities on the 
amount of thermionic emission. In the metal arcs, 
the Spot usually wanders rapidly, so that Giinther- 
sehulze photographed it as a band after reflection from 
a revolving mirror. Seeliger 11 was unable to repeat 


Mercury vacuum. 

Iron In air. 

Tungsten in air... 

Cadmium in air.., 


| Current, 
density 
amp. 
per cm. 2 

Observer 

210 

Reich 

318 

Granquist 

470 

Gimtherschulze 

4000 

<c 

7200 

a 

3200 

Rrauer 

700 

Nottingham 

5000 

Cl 1 


Reference 

Phys. Zeits. 7, 73, 1906. 
Pkys. Zeits . 7, 79, 1906. 


Giintherschulze’s work. Nottingham ‘has used an 
accurate photometric method of measuring his photo¬ 
graphic plates, but did not use a revolving mirror; 
the internal evidence in his work, however, justifies 
considerable confidence in its correctness. 

Similarly, the temperature of the cathode spot is not 
very accurately known. The best determination for 
carbon arcs is probably that of Reich, 12 who gives 3413 
deg. K, although other observers give values from 
2903 deg. K. to 3593 deg. K l \ Hagenbach and Lang- 
bein 18 give for iron 2430 deg. K., nickel 2365 deg. K., 
tungsten 3000 deg. K., silver and copper below 1800 
deg. K. Nottingham, however, has found fusion of 
tungsten in the cathode spot, which would prove its 
temperature to be at least 3643 deg. K. It is quite 
possible that the small size of cathode spots has led to an 
underestimate of their maximum temperature. 

The cathode spot of armercury arc has been estimated 
as between 2000 and 3000 deg. K. on account of a con¬ 
tinuous spectrum emitted from it and ascribed by 
Stark 19 to local high temperature in spite of the much 
lower boiling temperature of mercury, thus supporting 



Fig. 2 * 

his theory oft the thermionic origin of the electron emis¬ 
sion from the cathode. This spectrum, however, 
may be otherwise accounted for, and there is no certain 
evidence that the temperature is so high. Seeliger 11 
applied Rnudsen’s equation to rate of evaporation as a 
function of temperature, using Gtintherschulze’s mea¬ 
surements of rate of evaporation, 14 and calculated a 
lower limit of 673 deg. K. We shall present evidence 
below, however, indicating that the mercury loss 
measured by Giintherschulze was partly in the form of a 
spray rather than true evaporation, so that Seeliger’s 
lower limit should be considerably less than 673 deg. K. 
Thus we really know very little regarding the tempera¬ 
ture of the cathode spot n mercury arcs. 

A very illuminating study of the theory of the cathode 
spot has been made by Seeliger. 11 Consider first a case 
where heat is liberated at a rate Q per cm. 2 at a fixed 
circular area A on the plane surface of a metal block of 
indefinite extent. This corresponds roughly to the 
heated region of a cathode surface. Because of heat 
conduction in the metal, a temperature gradient is set 
up radially outward on the surface of the block as wel 
as into its depth. The final steady surface tempera 


jr • 1 
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ure distribution is calculated by the known theory of 
heat conduction and is found to be of the form shown 
by the curve T, Fig. 2 a. It is quite obvious that there 
is nothing in the nature of a sharply defined “hot” spot. 

The spot is observed, however, by means of the light 
radiation from it, and it is well known that visual 
brightness L increases as a high power of the tempera¬ 
ture T, being given approximately by the relation 

11230 

5.367- log L (3) 

in the temperature range involved here. From this, 
and assuming that the maximum temperature in curve 
T is 3300 deg. K., the visual brightness curve L is 
found to be as shown. This does limit quite a sharply 
defined region which does not differ much in area 
from A. Thus, as seen by the eye, the cathode spot 
is sharply defined. 


hundred degrees in mercury and copper arcs. The 
evidence is that Giintherschulze’s conclusion is right, 
for at least in copper, the metal is found to be fused 
where the hot spot passes, although both Seeliger and 
.It criticize his computations. Tt is difficult' to 
estimate the value of these computations, not only 
because of uncertainty regarding the data but also 
because the spot may not wander continuously, but 
jump from point to point, remaining at each point 
long enough to heat it. . 

It is evident from this brief survey that' in spite of 
the attention which has been focussed on the cathode 
spot since its crucial importance in the theory of the arc 
has been realized, there is as yet no agreement as to 
whether the cathode spot always reaches such tempera¬ 
tures as to warrant a purely thermionic explanat on of 
the electron emission from it. 


Electrically, however, it is neither the temperature 
nor the brightness but the thermionic emission which is 
important, and this may be calculated as a function of 
temperature by Richardson’s equation 

I = A T 1/2 e- i/T (4) 

Taking 6 = 6 (10) 4 for carbon, this leads to curve I for 
the current density of thermionic emission from various 
regions of the spot. Here again, the spot is quite sharply 
defined and has approximately the dimensions of A, 
although it is somewhat smaller than the “visual” spot. 

It is certain that considerations such as these are 
involved in stationary cathode spots, especially if the 
electron emission is primarily of thermionic origin. 
The problem is further complicated, however, in cases 
where evaporation or .sublimation tends to cool the 
cathode, and of course electron emission is itself a cool¬ 
ing process. These cooling agencies,, atting in ad¬ 
dition to conduction through the body of the cathode, 
must tend to limit the temperature in the hottest 
regions of the spot, and thus to alter the distributions 
of Fig. 2a to something like the form of Fig. 2b, which 
helps to explain the fact that the area of the spot is so 
nearly directly proportional to the current. 

In the case of metallic arcs whose spot wanders 
rapidly over the cathode surface, there is a real difficulty 
in explaining the high temperature of the spot, since the 
time available for heating is very short. In a mercury 
arc, for instance, the spot frequently wanders at a rate 
of at least 300 cm. per sec. 16 ' 16 and may move 30 tim es 
this fast. Giintherschulze 17 , Stolt 16 and Seeliger 11 have 
attempted to calculate the maximum possible rise in 
temperature if all the energy i V c liberated at the 
eathode goes into the metal and is carried away by heat 
conduction into the body of the cathode. Both calcu¬ 
lations are rough approximations and they lead to 
opposing conclusions; i. e., Giinthersehulze concludes 
that the cathode spot even in mercury arcs rises to 
temperatures above 2000 deg. cent., while Seeliger and 
Stolt conclude that the temperature rises to only a few 


Thermionic Emission prom the Cathode * 

. Table II gives thermionic emission values calculated 
from Richardson’s equation (4). In comparing these 
values with current densities at the cathode spot in 
arcs, certain facts should be kept in mind. The emis¬ 
sion values for carbon were given by Langmuir 18 for 
carbon assure as could be obtained and with great care 
to avoid contamination. Such purity is utterly im¬ 
possible in arc carbons, and the impurities which are 
known to be present are such as to increase the emissi on 
very considerably. An upper limit for arc carbons 
would be the values given for lime-impregnated carbon. 19 
The actual thermionic emission from an arc carbon 
must lie between the values 26.7 and 4400 amperes per 
cm. 2 This makes it evident that much and possibly 
practically all of the arc current, (see Table I) is simply 
thermionic emission of electrons from the cathode. 
Similarly, in the case of the tungsten arc in air, the 
thermionic emission at the temperature of the cathode 
spot is adequate to account for the arc current, if 
Nottingham’s values are correct. 


table ii 


Carbon 

Impregnated carbon 

Tungsten 

A = 1.49 (10) 25 

A = 3.3 (10) 26 

A = 1.55 CIO) 26 

b = 48,700 

b =42,000 

b = 52.500 


Amps. 


Amps. 

A*nps. 

T deg. K. 

per cm. 2 

T deg. K. 

per cm. 2 

T deg. K. per cm. 2 

2700 

1.9 

2700 

500 

2400 0.365 

3000 

13.2 

3000 

2390 

2800 8.98 

*3140 

26.7 

*3140 

4400 

3200 96.9' 

3300 

54.7 



3540 509 

3500 

127 



*3640 977 


The most accurate identification of arc current with 
thermionic emission from the cathode is obtained in arcs 
from a small non-vaporizing cathode, such as in Tungat 
rectifiers or Pointilite lamps in which there is no “hot” 
spot, but the entire cathode is at practically uniform 
temperature. In these cases, the temperature may be 
measured with an optical pyrometer and the thermionic 
emission current rather accurately estimated. In such 
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cases, the arc current is generally found to be accounted 
for by thermionic emission, 20 although in very intense 
arcs in gas at high pressure the arc current is somewhat 
larger than the calculated thermionic emission. 

In the case of arcs from more easily volatilized cath¬ 
odes the data, as we saw above, are too uncertain to 
support any very positive statement regarding the 
adequacy or inadequacy of thermionic emission in 
accounting for the arc currents. On the whole, the 
writer is inclined to the opinion that in these cases 
the ordinary thermionic emission is increased by an 
effect of the intense electric field at the cathode in 
actually ‘pulling electrons away from the cathode which 
would not otherwise be emitted. It is significant that 
some agency in addition to thermionic emission appears 
to be needed to account for arc currents in just those 
cases in which conditions for such a “pulling out” effect 
would be most anticipated. 

Development of an Arc 

Seeliger 21 has recently made an instructive experiment 
on the development of an arc from a glow discharge, 
and the relation of this to the formation of the cathode 



spot. He used a very high resistance to stabilize the 
discharge and very pure electrodes, and followed 
through the variations in current density as the total 
discharge current was increased, beginning with a 
normal glow discharge covering only part of the cathode. 
The results are shown diagrammatically in Fig. 3. 

In interval, a b, the current density was constant, the 
cathode fall of potential was constant at about 300 volts, 
and the glow did not completely cover the cathode. 
A! b the glow completely covered the cathode. Fur¬ 
ther increase in current was accompanied by increase 
in current density and large increase in the cathode 
drop, which may rise to several thousand volts. At c 
there was first observed a tendency for the cathode glow 
to concentrate into a hot spot, which tendency increased 
with further increase in current. Simultaneously the 
current density increased at an accelerated rate, while 
the cathode drop began again to diminish. At the 
point d, the cathode drop had fallen to a value less than 
the original normal cathode drop, and it was falling so 


fast and the current density was rising so fast that the 
series resistance was insufficient to" stabilize the dis¬ 
charge and it passed abruptly to condition e, from which 
point on the discharge was a true arc, the glow was 
replaced entirely by the hot spot, g,nd the cathode drop 
was in the neighborhood of 10 volts. 

This illustrates the fact that the mechanism of current 
transfer in the glow and arc discharges is quite different. 
In the glow discharge the current at the cathode is 
carried principally by positive ions, and the electron 
emission from the cathode is “secondary” emission due 
to positive ion bombardment and photoelectric action. 
In the cathode fall space the number of electrons in¬ 
volved in carrying the current increases rapidly, 
through impact ionization, with distance from the 
cathode. 22 In the arc discharge the current at the 
cathode is carried principally by electrons, which are 
probably liberated thermionieally, assisted by the 
“pulling out” action of the field, and sufficient ionization 
occurs outside the region of cathode fall to give a 
positive space charge which concentrates the field at 
the cathode surface and may supply considerable heat 
by ion bombardment. The thickness of the cathode 
fall space in the arc is certainly thousands of times 
smaller than that in the normal glow discharge. 

Compton’s Theory of Current at Cathode 23 

The existence of the cathode fall of potential is proof 
that the space charge near the cathode is positive, i. e., 
that the concentration of positive ions exceeds that of 
electrons. Let i be the electron current density and 
J + y be the positive ion current density, j is that part 
of the positive ion current which just neutralizes the 
space charge of the electrons, and J is the excess, which 
accounts for the positive space charge, whose density 
we shall calkp. By Poisson’s equation, 

d* V j J 

— =-4 5 p = -47r —, ~(5) 

where v is the average velocity of advance of the posi¬ 
tive ions in the field — dV/dx and is given approxi¬ 
mately by 

»- JJIXiT. ( 6 ) 

' 2 \ M dx 

in which M is the mass and L the mean free path of 
the ions. The solution of this equation gives the 
cathode drop 

v - — ( 6 7r ) 2/3 J 2/3 C 5/3 

5 / 7 r e r \ 1/3 ^ 

\~2~ ~M L ) 

We are entirely without experimental evidence regard¬ 
ing the thickness of the cathode fall space in arcs, except 
for the knowledge that it is extremely small. It seems 
certain that it does not exceed the electronic mean free 
path l, since the electrons have., their best chance to 
ionize at their first impact owing to the fact that electric 
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intensity diminishes with distance from , the cathode. 
In the present theory it is assumed that c = l, though 
it may be that this is an upper limit. Now the ionic 
free path L is •%/ 2 times the molecular free path X, 
since the ions have ajiigher. order of speed than do the 
molecules. Also, the electron free path l is 4 V~2 
times X, and hence 4 times L, owing to the negligibly 
small dimensions of an electron. Thus; writing c = l 
and L = 1/4, and solving equation (7) for J, we find 


J 


k(JL \ n (± \' 2 1 

12 V 2 M ) V 3 V °) — in c. g. s. units. 


= 0.76 (10) -7 —^. 1/2 - ■ in amperes per cm. 2 , with 
M in ordinary molecular 
weight units. (8) 
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cfn. V c lies between 5.5 and 10.3, and is probably 
about . 8.6. This leads to J = 162 amperes per cm. 2 
Giintherschulze finds the current density I at the 
cathode to be 4000 amperes per cm. 2 , whence J/I =** 
0.040. Similarly//J = 0.0003. Thns about 0.04 of 
the total current is carried by positive ions. 

Other cases agree in indicating that only a small 
fraction of the total current at the cathode is carried 
by positive ions. 

A test of this theory is afforded by comparing these 
calculated values for the fraction of current carried by 
positive ions with the values calculated from considera¬ 
tions of thermal equilibrium at the cathode. Before * 
doing this, however, we shall consider an alternative 
theory of the cathode fall space which has been pro¬ 
posed by Langmuir. 


Consider now that part of the positive ion current 
density j required to neutralize the electron space 
charge, j and i being proportional to the mean rates of 
advance of ions and electrons, respectively, and their 
ratio may be shown to be approximately 


i 


3 


= 4 V2 



( 9 ) 


which was the relation taken in the original statement of 
the theory 23 , but derived there in a manner quite incon¬ 
sistent with the actual physical conditions in the fall 
space. We shall use equation ( 9 ), therefore, in the 
belief that it is at least a fair approximation to the 
requirements of the theory. 

Expressing currents in amperes, potential drop in 
volts and ionic mass M in ordinary atomic units, we 
have the results of this theory. expressed by the 
equations: 


Total current density I = i + j -|_ jr 
Neutralizing current density i = 242 Vl j 


Space charge current 


y 3/2 

density J = 0.76 (10)~ 7 JyjyTfi 




Applications: Carbon Arc. At atmospheric pressure 
and 3300 deg. K., which is close to the cathode tem¬ 
perature l = 0.66 (10) ~ 3 cm., V c is given as about 8.6 
volts 24 , although no determination by a reliable method 
has ever been made, and the true value is probably 
several volts higher. Substitution in equation ( 10 ) 
gives J = 1.6 amperes per cm. 2 Since the total cur¬ 
rent density I is of the order of 320 amperes per cm. 2,25 
J/I = 0.005. Similarly,?// = 0.001. Thus altogether 
about 0.006 of the total current is carried by positive 
ions. 

Mercury Arc. The vapor density at the cathode is of 
the order of an atmosphere 26 and its temperature is at 
least 400 deg. K., and may reach 2000 deg. K., although 
reasons are given later which weigh against this high 
value. We shall not be far wrong as to order of magni¬ 
tude if we take 600 deg. K., which gives l = 0.000040 


Langmuir’s Theory of Current at Cathode 10 

On this theory, the cathode fall space is simply the 
positive ion sheath produced around the cathode by the 
incoming positive ions. If it is assumed that the posi¬ 
tive ions traverse this fall space without colliding with 
gas molecules, i. e., if d < l, the space charge equation 
of Child 27 and Langmuir 28 may be applied in the form, 

r __ V2 I e V c 8 / 2 
‘ J ~ ~9tt \ ~M - units 

y c 3/2 

= 0.543 (10)~ 7 ^J 2 - in ordinary electrical and 

molecular units. ( 11 ) 

This does not appear to differ much from equation ( 10 ) 
of Compton’s theory, but in reality it may be quite 
different since it does not assume d to be equal to the 
electron free path l, but leaves d undetermined. In 
order to use this equation, information from some 
other source must be obtained regarding either J or d. 

Two courses are open for finding independently the 
positive ion current density, J + j, in order to test 
Compton’s theory or to complete the information 
necessary for Langmuir’s theory. J +j may perhaps 
be measured directly by Langmuir’s exploring electrode 
method 29 , although this has never been done near the 
cathode and presents experimental difficulties* or 
it may be calculated from considerations of thermal 
equilibrium at the cathode, as follows: 

Energy Balance at Cathode 30 * 

Let / be the fraction of the current at the cathode 
which is carried by electrons and 1 - that carried by 
positive ions. Then, per ampere of current, we have 
the following rates of heat development, in watts: 

A. Heating of Cathode. (1) By incoming positive? 
ions, which fall through the cathode drop V c , (1-f) 
(V° “I - ( P+)> where <p+ is the heat of neutralization of 
positive ions at the surface of the cathode; (2) by out¬ 
going electrons, some of whose energy may be returned 
to the cathode, [f (V c - (1 - /) yj F; here / V c is the 


m 
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energy gained by the electrons in the cathode fall space, 
(p _ j) Vt is the energy of these electrons which is used 
in ionizing the gas whose ionizing potential is Vi, and F 
• is the' fraction of the remaining energy which returns 
to the cathode infihe form of radiation, etc.; (3) by heat 
supplied by an external heating source, if there be. 
one, H. 

B. Cooling of Cathode. (1) By escape of electrons, 
j <p_, where <p- is the electron “work function,” or heat 
of evaporation^ (2) by conduction through the body of 
the cathode, C ; (3) by gaseous conduction and convec¬ 
tion, C'; (4) by radiation, R; (5) by evaporation of 
cathode material, E. 

Grouping all these items, we find the equilibrium 
condition to be given by , 

V' + <t»-FV ( + H-C-C'-R-E 
V c + <p+ + <P- — F (V* + Vi) 

An experimental determination of the factors in this 
equation should therefore permit a calculation of the 
fraction / of the current at the cathode which is carried 
by electrons. Let us consider the various terms in 
this equation: 

The cathode fall of potential V c in various arcs has 
been measured with the following typical results: 


TABLE III 


Arc 

V c (volts) 

Reference 


7.6 + 13.6// 

(24) 


8.5 

(31) 


13.9 

(32) 

in oit» a.t, rprhlOftd TirCSSlire . 

13.7 

(32) 

JLJt-JL UJL dLL <M\J 1 CUUvOU 

TVTArmTPf in va.cinTm .. 

5.27 

(33) 

* Argon gas and heated non-vaporizing cathode. 
♦Helium gas and heated non-vaporizing cathode 
♦Mercury vapor and heated non-vaporizing 
cathode. 

11.6 

20.0 

5.5 

134) 

(35) 

(35) 


As all values except those marked* were obtained by 
the old probe method which is known to give incorrect 
results, 29 they are only approximate and are probably 
several volts too low. More accurate values are 
greatly needed. 

The heat of neutralization, or condensation, of posi¬ 
tive ions <p+ was formerly calculated from a theoretical 
relation <p+ = V, + L — derived by Schottky and 
von~ Issendorff 86 and by Compton. 30 Recent experi¬ 
mental measurements 37 have shown that the true value 
is much iess than this, and nearly zero. Compton 
and Van Voorhis 38 give reasons for modifying the above 
equation to the form 

<p+ = rkj + (L) — <p., ( 13 ) 

where r is a “radiation factor” a little less than 0.5, 
"and L is the latent heat of condensation of the neu¬ 
tralized ion on the electrode, in case the ion remains 
there deposited. If the material of the ion does not 
remain on the electrode after neutralization, L is to be 
omitted from equation ( 13 ). 

In this connection, the writer would suggest that the 


luminosity of the cathode in mercury arcs, which has 
been taken to indicate high local temperatures exceed¬ 
ing 2000 deg. K., may be simply this radiation ac¬ 
companying ion neutralization at the cathode surface, 
and showing as a continuous spectrum because of the 
intense field at the surface. 

The ionizing potential V, is accurately known for 
most gases and vapors. 

The fraction F of the excess energy of the electrons 
which is returned to the cathode is unknown. It 
cannot exceed 0.5. It is probably nearer 0.0. 

H, C, C', R and E may all be measured or computed. 
In considering the cooling E by evaporation of cathode 
material, one must be cautious, however, since there 
is evidence in cases like^the mercury arc that not all 
material lost is by true evaporation, but part of it is by 
mechanical loss as a “spray” which does not contribute 
to the cooling. 

Evidently our present knowledge and our experi¬ 
mental technique are too limited to permit us to use 
equation (12) for accurate results. It may be used, 
however, to show orders of magnitude and to set cer¬ 
tain upper and lower limits which permit us to draw 
some important conclusions. 

Applications: Carbon Arc. Take, for a 10-ampere 
arc, V c = 9.0 volts, <p- = 3.9 volts, <p+ = 0, V* = 16 
volts. A rough estimate of conductivity loss gave 
C = 0.04 volt. Net loss by radiation, calculated as if 
cathode and anode hot spots were black body radiators 
at 3140 deg. K., and 3700 deg. K., respectively, gave 
R = 0.75 .volt. E is relatively small, and so is C, 
provided the arc is not cooled by an air blast. With 
these values we find 

/ = 0.64, assuming *F = 0 
j = 0.63, assuming F = 0.25 
/ could be raised as high as 0.70 by neglecting all heat 
losses, C + C' + R + E, which is clearly an upper 
limit. No reasonable value of <p+ differing from 0 
would produce much change in /. The assumed value 
of V c is probably several volts too small, but no reason¬ 
able increase would increase / greatly; <p~ could only 
be given a smaller value if the electrons were pulled out 
of the cathode by the field rather than spontaneously 
emitted thermionically, and we have previously seen 
that no large effect of this kind can be important in 
the carbon arc. We thus seem forced from energy 
considerations to conclude that the fraction of current 
carried by electrons at the cathode is of the order of 
60 to 70 per cent, rather than 99.4 per cent as predicted 
by Compton’s theory. The fact that an earlier calcu¬ 
lation 30 appeared to support Compton’s theory was due, 
first, to the use of a value of <p+ now known to be 
inadmissable 42 and second, to the use of an impossibly 
high value for F. 

Mercury Arc. Recent experiments by Giinther- 
schulze 39 give apparently accurate data for most of the 
quantities involved, except for minor corrections 
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pointed out by Seeliger 11 and included here. The 
data are, in watts (volts) per ampere of arc current, 
C = 2.68; E = 2.8 to 3.9, depending on the assumed 
temperature of the cathode spot; R = 0.04. Taking 
ip- — 3.9, Vi = 10.4, (p+ = 0, V c = 8.6 volts, knowing 
C' to be negligible and H zero, and assuming F — 0 
we find / = 0.25 to 0.16. If F is taken to be greater 
than zero, / becomes still smaller. 

Even if cooling by radiation R and evaporation E is 
entirely neglected, which could only be justified if all 
mercury were lost from the cathode mechanically rather 
than by evaporation, and even if the cooling <p_ by 
electron emission were neglected, which would" be 
justified if the emission were due entirely to the “pull¬ 
ing out effect of the field, still equation ( 12 ) gives only 
/ — 0.70. In any case, therefore, the fraction of cur¬ 
rent carried by electrons must be less than 70 per cent, 
whereas Compton’s theory predicted 96 per cent. 


The electric field is of minimum strength and is often 
reversed in direction, the current being by diffusion of 
electrons in the direction of decreasing concentration 39,41 . 
Probably much of the radiation from this part of the ard 
is the result of recombination of iofis and electrons 42 . 

Conditions in the Positive Column 

Here ionization occurs to just a sufficient extent to 
balance the loss of ions by recombination or diffusion 
to the walls, if the arc be enclosed. Thig ionization may 
be produced thermally, by electron impact, photo- 
electrically, or by a combination of these. There are 
reasons for ascribing much of it to high temperature in ' 
the carbon arc 80 , while this certainly plays no role in the 
mercury arc, where the ionization is due to electron 
impacts, probably of a cumulative nature. The light 
from the positive column is almost certainly due to 
excitation rather than to recombination 42 . 


Conclusions 

From this consideration of energy balance at the 
cathode,. therefore, it would appear that Compton’s 
assumption that the thickness of the cathode fall space 
is equal to the electron mean free path is incorrect, and 
that this thickness is much smaller. If it is much smal¬ 
ler, the positive ions must move through it generally 
without colliding, and we have exactly the space charge 
condition leading to equation ( 11 ) of Langmuir’s theory. 
We must therefore consider the evidence as strongly 
supporting Langmuir’s theory. 

Further than this, these energy considerations lead 
us to some conclusions regarding the mechanism of 
electron emission from the cathode of a mercury arc. 
Since almost certainly the cathode drop does not exceed 
the ionizing potential V < = 10.4 volts, it is obvious that 
no electron can ionize more than once near the cathode. 
The fraction / cannot, therefore, be less tfian 0.5 and 
could only be that small in case the probability of 
ionization were unity, which cannot be so. From this 
consideration, / must exceed 0.5. An examination of 
equation ( 12 ) in connection with Guntherschulze’s 
data shows that a value of / > 0.5 can only be obtained 
if (p- < 3.9 and E < 2.8 by large margins. In other 
words, the field at the cathode surface acts to pull 
out electrons which would not otherwise be liberated, 40 
and some of the mercury is lost from the cathode 
mechanically, rather than by evaporation. The former 
of these possibilities was suggested by Langmuir, whose 
measurements of positive ion current densities led him 
to estimate the field at the cathode of a mercury arc 
to be of the order of 10° volts per cm. In cases where 
two arc types exist, as appears for tungsten in Table I, 
it is likely that one type is that in which thermionic 
emission predominates while in the other type this 
plays an insignificant role. 

Conditions Just Beyond the Cathode Fall Space 
This region, generally called the negative glow, is a 
region in which the concentration of ions is maximum. 


Conditions at the Anode 

The anode drop in potential may be positive or 
negative according to conditions first explained by 
Langmuir and Mott-Smith 29 as follows: Surrounding 
the anode is an atmosphere of ions and electrons moving 
with more»or less random motion. If, in this random 
motion, the excess of electrons over positive ions striking 
the anode would be greater than the total current in the 
circuit, then a negative, or reverse, anode drop is set up 
so as to hold back enough electrons to keep the current 
to the value demanded by the constants of the circuit. 

On the other hand, if the number naturally striking the 
anode is insufficient to carry the current, then a positive 
anode drop is set up so as to draw in more electrons. 
From these considerations, it is evident that anode drop 
decreases with increasing anode area and with increased 
ion concentration, as can be obtained by using a hollow 
anode or by promoting ionization near the anode. 

The heating of the anode depends on three fractors: 

(1) the heat of_condensation of electrons (2) the 
average energy V- of the electrons in their initial ran¬ 
dom motion; (3) the anode drop V a , if this be positive. 
Although this subject has been studied ealorimetrically 43 
and the order of magnitude of these predictions always 
verified, thus far only Van Voorhis 37 has measured all 
the quantities necessary to make an accurate quantita¬ 
tive test, which has exactly verified the above state¬ 
ments. * 

From the preceding discussion it will be seen that 
much progress in the understanding of are phenomena 
has been made during the past few years, ^jid that 
there are at present numerous possibilities for 
further experimental research, guided by theoretical 
considerations. 
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Catenary Design for Overhead Contact Systems 




BY H- F. BROWN 1 

Member, A. I. E. E. 


T HE rational mechanical design of any overhead 
contact system must be based upon certain funda¬ 
mental rules of mechanics, usually those dealing 
with statics, or forces in equilibrium, applied to the 
physical characteristics of the track alinement. The¬ 
oretically a problem for the civil engineer, the 
general solution and detailed application of the design 
has been assigned to the electrical engineer in most 
cases, as the number of papers presented on this sub¬ 
ject would indicate. 

It is'now generally conceded that railroad electrifi¬ 
cation involving any distance must depend upon some 
form of overhead contact for the distribution of power 
"to the trains, regardless of the system used. There 
will be, therefore, certain basic principles involved in 

1- Assistant Electrical Engineer, N. Y., N. H. & H. Railroad. 
Presented at the Summer Convention of the A. I. B. E. 
Detroit, Mich., June 20 - 24 , 1927- Complete copies upon request. 


all such installations governing the general design and 
application of such contact systems. 

This paper is presented to the Institute, therefore, 
with the thought of setting forth some general methods, 
formulas and solutions which have been found very 
valuable in the mechanical design of several types erf 
catenary construction on the 11,000-volt single-phase 
a-c. electrification of the New Haven system, and which 
may be applied to any other catenary design. The 
paper represents the elaboration of design notes which 
have been accumulated during the past fifteen years, 
and while containing much that may not be new, never¬ 
theless it includes, especially in connection with the 
application of catenary construction to curved track, 
some rules and methods of design which have not, to 
the writer’s knowledge, been set forth heretofore in 
a form available to engineers who may be interested 
in the general problem. 

The details of design, including required cone.- 
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size of contact, insulation, hardware details, attach¬ 
ments, etc., will vary with the requirements of each 
installation and the ideas of the designer. Such details, 
while of great importance, are not included in the scope 
of this paper. The New Haven design details are used 
merely as examples to illustrate the specific applications 
of general methods. 

The fundamental requirements of an overhead 
contact system for high-speed railway electrification are: 

a. It must, within prescribed limits, be parallel, or 
nearly so, to the track center line. "When changes are 
necessary in the normal elevation above the track, 
the gradients must be such that the current collectors 
on the locomotives and cars will follow the contact 
wire without leaving it and without excessive pressure 
due to inertia; that is, the relative grades must not be 
too abrupt. 

b. It must support, without great distortion, its own 
weight together with superimposed vertical loads due 
to sleet and horizontal loads due to wind. 

c. It must posssess consistency in flexibility; that is, 
hard spots should not occur in a construction design to 
possess a certain amount of yielding, nor should soft 
spots occur in a system possessing inherent rigidity. 

d. It must transmit the power supply, and afford 
suitable contact area with the moving collecting device 
on the locomotive or car, at the required speed. 

e. It must possess a high degree of reliability, and 
ease of maintenance. 

f. It must be reasonable in cost.” 

In that part of the paper dealing with the choice of 
maximum span length, and choice of messenger material 
and sag, all of which are of fundamental importance, no 
mention is made of the* influence of the very heavy 
loadings and very high conductivity requirements of 
the very low-voltage systems of 3000 volts «r less. It 
is, of course, obvious that these factors will have an 
important bearing on these details. 

Part I of the paper deals with construction over 
straight or tangent track, and is in general a review of 
methods and formulas which are necessary as an intro¬ 
duction to Part II, which shows the application of 
catenary construction to curved track. Two general 
types of construction on curved track are discussed. 
Section A deals with tangent chord construction, and 
outlines span limits, proper location of the contact wire 
with respect to the track centerline, and the advantages 
of this type of construction. Section B deals at length 
with the theory and design of the so-called inclined 
catenary, and its adaptation to the track alinement. 

The design of the earlier installations of this type of 
construction on which the spans were fairly short 
was based on the assumption that the shape of the 
trolley and messenger as projected on a horizontal 
plane was a parabola, and that the rods all had the same 
inclination. When this theory of design was later 
applied to longer spans, and on heavier curves, it was 
found that appreciable errors would result, due to the 
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fact that the shape is not necessarily parabolic, but of 
some other general family of curves, of which the 

para o a is one special case, and the catenary curve 
another. 

. T1 * e soIution of the problem set forth in this paper 
involves developing the actual shape of the trolley 
curve from the forces acting upon a given design, 
y e ermming ordinates from an axis at regular inter¬ 
vals corresponding to the hanger spacing. The shape 
factor thus determined is multiplied by another factor 
(called the multiplier) which is dependent on the 
egree of curvature, to fit the known dimensions of a 

ff ei \ curve and s P an - The horizontal dimensions 
thus determined are then geometrically combined with 
the vertical dimensions of tangent catenary and the 
actual inclined dimensions arrived at. 

In the solution of symmetrical spans on simple con¬ 
tinuous curves, but one shape factor (called the U shape). 
is used. If the span is on a symmetrical reverse curve, 
another shape factor (called the S shape) is used. 
Asymmetrical spans involve the use of both shape 
factors to a greater or less degree. Somewhat the same 
general method of solution has been employed, I believe, 
by Mr. H. # S. Richmond, on catenary construction 
installed by Gibbs and Hill. 

Certain correction factors must be used with the 
multipliers to avoid noticeable departures from the 
track shape at the point of support. The method 
illustrated in Fig. 41 is, in reality, an over correction to 
allow for temperature variation distortion, since the 
exact correction would still show some distortion of 
the shape at temperatures other than normal. 

One point not definitely mentioned in the inclined 
catenary application is that care must be used to locate 
the supporting structures about points of curvature, 
or points of compound curvature so that messenger 
offsets will be the same for the spans either side of the 
support. This means that, in general, the change in 
alinement must be near the low point of the span, 
although the method of design allows considerable 
latitude in its location. 

The limitations, advantages, and disadvantages of 
this type of construction are set forth, and installation 
methods touched upon briefly. 

The graphical charts shown apply in the majority 
only to the New Haven design, but similar charts may 
be made for any other design. 


The world’s largest artificial lake—the water of which 
is to produce electric power in Alabama—will s8on be 
formed. A dam 200 ft. high and 2000 ft. long on the 
Tallapoosa River, about 20 mi. from Birmingham, 
is backing up water for the new Lake Martin which * 
will be 63 mi. long and impound three times as much 
water as is walled up by the great Muscle Shoals dam. 
The project cost about $20,000,000 but the demand of 
the South for more electric power is expected to more 
than justify the cost. 






Application and Design of Load Ratio-Control 

Equipment 
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Synopsis . —Load ratio control of transformers, which means the 
possibility of changing the transformation ratio without inter¬ 
rupting the load , has found very rapid adoption on account of its 
wide application possibility. It provides the long sought solution 
for a voltage regiHation on industrial loads and large blocks of power, 
and enables a perfect tie-in operation of two or more power systems 


with any desired load dispatch regardless of voltage or power factor. 
It is the only economical method known to operate extended trans¬ 
mission systems on an equi-potential basis. The paper gives the 
various possible applications and some details of the electrical and 
mechanical design of the apparatus. 


• Application 

T HE numerous papers published during the last 
two or three years on transformer equipments in 
which voltage taps can be changed without drop¬ 
ping the load, dealt with the subject either in a theoret¬ 
ical way or they described a particular installation. 
A large and continuous amount of research and con¬ 
structive work has been and is being done by a number 
of large manufacturers to improve such apparatus. 
Seldom before have operating engineers so quickly 
taken up a newly developed line of equipment. In 
less than three years since its conception o'ne manu¬ 
facturer alone has been able to place well over one 
million kilovolt-amperes of load ratio control trans¬ 
formers in service. 

Several reasons account for this almost spontaneous 
adoption, the most outstanding of which is the wide 
variety of possible applications. 

It is the purpose of this paper to enumerate these 
applications, to give examples of typical existing 
installations and to give a short account of the design 
of such equipments. 

A change of the potential across the .secondary 
terminals of a transformer or a voltage regulation of 
its secondary without disturbing the existing load is the 
basic foundation of all applications. 

A single-phase industrial load with a demand for 
frequently changing voltage is the simplest application 
of load ratio control. Electric furnace work is the chief 
representative of this class of service. The close regu¬ 
lation of temperature usually demanded for resistance 
or arc type furnaces calls for a relatively large number 
of taps on the transformer winding; up to 20 voltages 
e will not be unusual. This wide range is invariably 
combined with very frequent operation. Assuming 
threeJieats per 24 hr. and a gradual rise of voltage over 
a range of 18 steps for each with return to the lowest 
before the next heat, gives, for example, 108 operations 
per day. When it is considered that installations of 
this type ar e, as a rule, placed and operated in a perma- 

1* Transformer Engg. Dept., General Electric Co., 
field. Mass. 
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nently very dusty atmosphere, it appears obvious that 
only the most sturdy equipment can be expected to 
stand up under these conditions. 

Tap switches, or as they have become known, “ratio 
adjusters,” are at present not commonly made for 
more than 12 positions. With an arrangement as shown 
in Fig. 1, however, it is possible to make as many as 22 
connections. One of the two switches Si and S^is 
normally closed; during a brief transient period both 
of them appear closed. Sufficient reactance in the 



Pig. 1 Load Ratio Control Diagram for a Large Number 
of Taps 


winding limits the circulating current. The ratio 
adjusters R Ai and RA 2 are mechanically connected 
by an intermittent gearing, permitting the turmng^of 
only one of them at a time. ' c ll 

By providing three-phase switches and ratio v ad¬ 
justers, the above described equipment is applicable 
to a three-phase industrial load taken from either a 
three-phase transformer or a three-phase bank. Re¬ 
maining within manageable limits of current and volt¬ 
age will decide in each case in which winding the ratio 
adjusters can best be placed. In determining the cost 
of such equipment for different voltage limits, a great 
difference will be found between windings which are 
1202 
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isolated from ground and grounded Y transformers. Lc/ad ratio control equip] 
Ratio adjusters and switches must be chosen for full while basically identical • 
line voltage in the former case, while on grounded in their execution, 
windings only a fraction of the line voltage is impressed It seems beyond doubt tl 
upon adjusters and switches if they are placed at the 
grounded end. 

. ® xce Pt perhaps in size and capacity, no definite 
distinction can be made between a transformer for an 1 i 


Lcfad ratio control equipments for these two types, 
while basically identical in performance, may diff er 
m their execution. 

It seems beyond doubt that the placing of the desired 



Fig. 2—Average Daily Load Curve 

industrial load and a transformer in a station which 
provides a block of power for a wide variety of con¬ 
sumers. Consequently load ratio control equipments 
for either of these cases will be called upon to perform 
much the same duties. Experience has shown, how¬ 
ever, that the frequency of operation which may be 
expected from the tap changing apparatus on a station 
transformer is rather small. An adjustment of line 





Fig. 3—Load Ratio Control Transformer, Rated H-60- 
8333-69300-11550 

voltage is usually desirable only when the load changes 
considerably, as close voltage control is usually obtained 
with individual feeder regulators. The average daily 
load curve shows seven major changes. See Fig. 2. 

iFor the transformation of large blocks of power with 
the high voltage not exceeding about 66 kv., the cus¬ 
tomer may choose between three-phase units or banks 
of three single-phase units. Installations for higher 
voltages as a rule are built as banks of single-phase units. 
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Pig. 4—Single-Phase Diagram of Load Ratio Control, 
Using Power Transformers With Separate Regulating 
Transformer 

• 

number of voltage taps on the main winding of the 
power transformer itself is the logical and most economic 
method for any three-phase transformer. The ratio 
adjusters and the required intermittent gear can well 
be located within the transformer tank, which mini¬ 
mizes the use of high-voltage b ushing s 
Not quite so obvious is the decision as to which 
method of load ratio control will be the most satis¬ 
factory for a bank of three single-phase transformers. 
According to one method, each phase may be considered 
as its own transformer with its load ratio control 
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*ig* 5 Installation at Schuylkill Station of Phila- 
delphia Electric Co., 60,000-Kv-a. Bank, With Three- 
Phase Regulating Transformer 

apparatus, and the remote control is so arranged that 
all three transformers are changed simultaneously 
Each transformer has the requisite number of taps, 
two ratio adjusters, an intermittent gearing and its 
external remote control operating mechanism. Fig. 3 
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ing mechanism is required, the control system loses 
much of its complexity. The switching circuit, a 
can he seen from Fig. 4, may be isolated from the 
regulated circuit, and potential as well as current can 
be chosen to allow the use of standardized equipment. 
The power units can be operated at any time without 
the regulating unit if demand or necessity arises. 
These four advantages will compensate readily for the 
slightly higher cost of an installation with a regulating 
tr ansf ormer. An example of a 60,000-kv-a. bank of 
transformers with a separate regulating unit is shown 
in Fig. 5. The three self-cooled, 20,000-kv-a. units are 
of the radiator type, while the much smaller regulating 
transformer is placed in a tubular tank. Two of these 
banks operate at the Philadelphia Electric Company in 
their Schuylkill Station. A similar bank, also of 
60,000-kv-a. capacity, was recently placed in service by 
the Commonwealth Edison Company in Chicago. The 


6—Load Ratio Control Transformer W C T-60- 
60,000 (667)-12,000-13,200-Regulating Unit 


would be substantially one-tenth of the output of the i3 WpBfe r:.y 

regulated bank of single-phase transformers. All the 

voltage taps required for the regulation are placed on ,'j|pi | . jg fji IIS 

the three phases of the regulating unit and are con- 

neeted to two three-phase sets of six ratio adjusters. $ ■ : ______J 

Fig. 8—External View, Low-voltage Side, HT-60- 
36,000 (Output) 66.000Y-59,400Y/72,600Y-D Autc-Transfor- 
mer, Duquesne Light Co. 

regulating transformer for this bank is shown in Fig. 6. 

Another field of application for load ratio control is 
the tie-in transformer to couple two transmission sys¬ 
tems with different and varying voltages at the tie 
point. The size of such a transformer will depend upon 
the range of ratio control and the kilovolt-amperes to 
be transferred from one system into the other. Fig. 7 
shows the schematic connection, and Fig. 8 the ap¬ 
pearance of a tie-in load ratio control transformer in a 
36,000-kv-a. line. To fulfill its purpose of controlling 
the flow of reactive kilovolt-amperes in either direction, 
the control on such a tie-in transformer must permit a 
voltage reversal in the series winding which can be done 
The two sets are turned by the intermittent gear readily by moving the two adjusters in Fig. 7 past 
which is actuated from one external operating each other. 

mechanism. Finally, a transformer with load ratio control can 

Such an arrangement has much to recommend it. often compete successfully with a synchronous con- 
The design of the power units is greatly simplified, denser, which is used floating at the end of a trans¬ 
being standard design throughout. As only one operat- mission line, accomplishing a dual duty, namely, 




i TIE-IN TT\AN6FT£. 


Fig. 7 —Diagram Showing Connection of Tie-In Trans¬ 
former 
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improvement of power factor and voltage regulation. If 
the former duty is not sufficient to warrant the cost 
and the losses of a synchronous condenser, voltage 
regulation may be performed more economically by a 
transformer the ratio of which can be changed while 
fully loaded. .. 

Design 

Several methods are known whereby the ratio of 
primary and secondary voltage of a transformer may be 
changed without interrupting the load, among which ’ 
the following three are best known: 

Progression Method. The taps of the winding are 
connected to a straight row of contacts over which glides 
a double brush. The two halves of the moving brush 
are at all times tied to the ends of a reactor. While 
moving from one to the next contact, the reactor will 
momentarily take up and limit the short-circuit current 
of one transformer tap. The ensuing arcing, reduced 
to a minimum by the reactor, is not prohibitive for 
small capacity and quick brush motion. For larger 
capacities, the arcing may be diverted from the brush 
and the main contacts to a separate, mechanically 
interlocked and magnetically blown contactor. This 
method is used extensively on the transformers of 
European locomotives. It is limited, however, to an 
output of a few thousand kilovolt-amperes and moderate 
voltages. 

Multiple Switch Method. Method 1 may be modified 
by connecting every tap to an external oil switch. A 
change from one tap to the next is then possible without 
losing the load if the second switch is closed an instant 
before the first one is opened. A common reactor 
limits the short-circuiting of the tap section during the 
short transient period when two adjacent switches are 1 
closed. If this protective reactance is designed for the ( 
purpose, or if there is sufficient inherent reactance in the 
transformer winding itself, twice as many operating 0 
voltages as taps may be obtained by leaving two 0 
adjacent tap switches closed. This will, of course, 0 
entail a certain amount of permanent internal circu- 
lating current. A row of mechanically operated and 
interlocked contactors may be found in some cases c 
suitable for this method. a 

. Dow.6/e Circuit Method. If a design of ratio adjuster ii 
is available which is mechanically and electrically n 
absolutely dependable, this method will be found most w 
economic and versatile. The transformer is equipped h 
with a double winding, each with the required taps ™ 
and its own ratio adjusters. By means of external oil se 
switches, one and then the other half can be “killed” for pi 
its tap change. Under normal operation both halves di 
are m parallel. The method may be modified as per tv 
•tig. 1 or Fig. 4 where alternate or the same taps are m 
brought to two ratio adjusters, establishing two cir- su 
euits, each with an external oil switch. Using standard co 
an highly developed oil switches, neither capacity gi 
nor voltage set any upper limits to the application of 
this method. , 
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In American power transformer practise, only 
methods 2 and 3 have found general application. In 
practically all cases remote control is demanded. The 
definite sequence of opening and closing of switches, 
mentioned above, is usually obtained by remote motor 
control The same motor is called upon in method 3 
to turn the internal ratio adjusters, one at a time. An 
intermittent gear, specially designed for this purpose, 
enforces and interlocks the correctly timed motion of 
tne two adjusters. • 

Several safety features have become standard parts 
of such remote-control mechanisms. Limit switches 
against over-running end positions, alarms for incom¬ 
plete operating cycle or premature stoppage, arrange¬ 
ments for keeping the’three single-phase units of three- 
phase bank m step, remote position indication and 
emergency hand operation, are being provided on each 
load ratio control equipment. For substations without 
a tendance, automatic control can be furnished with a 
contact-making voltmeter as basis. To prevent, in such. 
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Foe Automatic Load Ratio Control Furnished Fob 
Cleveland Electric Illuminating Co. 


a ease, a too frequent operation, a positive and adjust¬ 
able time delay is included. An automatic installation 

of two 10,000-ky-a., three-phase transformers is shown 
in Fig. 9. 

The mechanical and electrical parts of load ratio- 
control equipments are integral with their transformer 
and must therefore conform to its type. For outdoor 
installation, circuit breakers and the operating mecha¬ 
nism must be made to withstand the influence of the 
weather. Outdoor type circuit breakers and a suitable 
housing over the mechanism, as shown, for example) 
m Fig. 6, answer this purpose. Although it does not 
seem fully consistent with generally accepted qutdoor 
practise, where vast amounts of bare and alive con¬ 
ductors are suspended overhead, the connections be¬ 
tween transformer and circuit breakers may readily be. 
made inaccessible by covering them with a housing, 
such as shown in Fig. 9, or oil immersed, high-voltage 
contactors may be used instead of circuit breakers, 
giving an outside appearance like Fig. 3. 

While the wide range of application possibilities of 
load ratio control was pointed out in the first sectioned 
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this paper, it is apparent from the second section that' 
there is also a wide range of designs available to suit 
any particular condition. It should be mentioned, 
however, that the parallel circuit method, or any varia¬ 


tion thereof, is applicable to any condition, lending 
itself therefore admirably to standardization and 
quantity production of the mechanical equipment 
which in turn brings about low cost and quick delivery. 


Electricity as Applied to the Petroleum Industry 


B. K. HOWARD! 

Non-member 


W ITHIN the last few years rapid strides have 
been made toward electrification of the petro- 
•leum industry. The trend is definitely toward the 
use of this form of power for all purposes except heating. 
Motors and attendant equipment are but the first links 
in this chain of power supply—distribution lines, sub¬ 
stations, transmission lines, and the central generating 
station must increase greatly to care for the require¬ 
ments of the latest industry to swing to purchased 
jpower in the face of adequate and cheap fuel supply 
^easily available at the point of application. 

vQne of the petroleum companies served by the 
author’s company requires in a single Texas t>il field an 
average of 4200-h. p. capacity to operate its 200 motors 
with a combined nameplate rating of 7000-h. p. This 
customer uses 25,000,000 kw-hr. per year at a total cost 
of $350,000. They also own and maintain three 
22,000/4160-volt substations with a combined capacity 
of 4600-kv-a., 20 miles of 4160-volt, three-phase dis¬ 
tribution lines, and 7000-kv-a. in distribution trans¬ 
formers, together with necessary lighting and control 
equipment. It was necessary to install 3000-kv-a. 
capacity in synchronous condensers to correct the 
power factor of this field as the power factor is ap¬ 
proximately 0.6. 

When it is considered that this quantity of equipment 
is used to serve a single oil company in one field, the 
prospects for the future are amazing indeed. 

The petroleum industry load is desirable to the 
utility because of its high annual load factor (from 75 to 
06 per cent), because of its high revenue per horsepower 
of dgmand, and because of the magnitude'of the opera¬ 
tion, which makes it possible to extend a transmission 
line into almost any well established field. 

• The industry has been slow to electrify because of 
the abundance of natural gas in the field, and because 
of the easy availability of oil for internal-combustion 
engines. Only of late years has the utility been able to 
■demonstrate conclusively that electric power costs are 
such a small percentage of the operating expense, that 
the advantages incident to its use far out-weigh the 
slight additional expense. 

• br anches, shut-down time is considerably less 

Wk- Comxaeroial Manager, Texas Power & Light Company 

at the Regional Meeting of District No. 7 of the 
fpS-J K an $ as City, Mo. t March 17-18 , 1927. 


with electric power and shut-downs mean production 
forever lost. Motors are uniformly more reliable than 
engines, but it is not here that the major saving appears. 
The more uniform power flow of the motor means less 
shock and strain to the driven equipment. Breakage 
and replacement are reduced when the motors super¬ 
sede engines, with the expected increased production 
time per day. 

In one specific instance in the producing branch, 
electrification showed an increase of 52,228 barrels of 
fluid from twelve wells in a period of three months. 
During the three months prior to electrification, twelve 
gas engines with 567 well-hours shut-down time pro¬ 
duced 386,692 barrels. After electrification, twelve 
15-35-h. p. motors with 321 well-hours shut-down 
produced 438,920 barrels—an increase of 13.6 per cent. 

Shut-down time was distributed as follows: 



Engines 

Motors 

Cups.... 

18 

24 

Kods..... 

. .. 144 

81 

Tubing.\ . .. 

. .. 117 

105 

Bolting. 

m 


Chain ^rive. 

_ 

2 

Sprockets. 

_ 

8 

Engine. 

... 160 


Motor. 

_ 


Motor control. 

___ 

18 

Electric power. 

_ 

57 

Big and Miscellaneous,,. 

... 68 

31 


567 

321 


Production per well-hour—Engines—16.3 barrols 
Motors—17.15 barrols 

The Tulsa Daily World said recently: 

The wisdom of the Amerada Petroleum Corporation 
in equipping its 80-acre lease in the North half of the 
Southeast of 16-10-8, the Cromwell Field, with electric 
pumping equipment, was proved good during the recent 
blizzard. While other properties were more or less 
shut down because of frozen water and gas lines, the 
Amerada pumped right along. Only six men are kept 
on its lease, because the use of electricity enables a 
reduction in working forces.” 

The personal element also appears in the comparison 
m that the motor, being so easy to handle/will be back 
in operation after a shut-down in much less time than 
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the engine, which must often wait for the arrival of the 
day force before operation is resumed. Any oil-field 
operator who has attempted single-handed to start a 
"hot-spot” engine after it has cooled down will readily 
appreciate this feature. 

As to power uses to which electricity is admirably 
adapted, the entire range of the petroleum industryvis 
available as a field. 

In production, drilling by electri’c power has been found 
desirable, due to ease of control, longer life and better 
service to be expected from the drilling equipment. 
And again the December Oil Weekly says, 

"The Chanslor-Canfield-Midway Oil Company has so 
far accomplished the setting of numerous world records 
in drilling its Olinda 96 to 8046 ft., and there is difficulty 
in finding any record for deep-well boring which this 
operation has not broken. 

The most interesting feature *of this record well, is 
the fact that it has been drilled entirely by electricity. 
Along these lines, it is interesting to note that the power 
cost for drilling this well to 8046 ft. is only $8173.43, 
a little over one dollar per foot of hole drilled. 

The electrical equipment employed on this well is a 
duplicate of the ten similar apparatus which the com¬ 
pany has had in constant use since 1922. 

The resistance used with this controller for starting 
and regulating the speed of the drilling motor is so 
graduated that it is not necessary to ‘take a run at 
heavy loads,’ for such loads can he picked up gradually, 
all of which indicates longer life to all drilling equip¬ 
ment. The rotary t^ble can be reduced to five revolu¬ 
tions per minute. The control is so arranged when 
drilling that resistance can be inserted in the motor 
rotor circuit, which provides a decicled dropping speed 
characteristic when sudden loads are encountered, 
as occurs in rotary drilling.” * • 

To the two foregoing uses in which electric power 
excels should be added casing-head gasoline plants and 
electric dehydration of crude oil. 

For pipe-line transportation, progress toward com¬ 
plete electrification has been slower. For a number of 
years, the industry has been using reciprocating pumps, 
but recently, due to the good example set by the refining 
departments, the centrifugal pump has gained con¬ 
siderable ground, and with it, the electric motor. This 
development has been naturally slow, since the in¬ 
dustry as a whole was familiar with the earlier equip¬ 
ment, and was reluctant to abandon tried methods for 
the newer untried ones. However, opposition has now 
been considerably overcome. 

Refineries have long been large users of electricity 
for power purposes, and are increasing their load as 
conditions warrant. New developments in refining 
processes are expected to bring with them ever widening 
fields for electrification. 

I predict that in ten years the petroleum industry will 
be totally electrified in all branches except heating. 
Transmission lines will follow pipe lines, allowing the 
installation of double the number of pipe-line stations 
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operating as boosters, thereby keeping the pressure 
above 300 lb. and increasing the line capacity 30 to 40 
per cent, the first cost of which is $36,000 per mile. 

Electricity will serve every established field, and 
whenever economically possible, new fields will be 
developed by the same means. 

Discussion 

W. G. Taylori -With cheap fuel in the fonn of natural gas 
and crude oil so readily available in the oil fields, the oil industry 
has been one of the last of the large industries turn to electric 
power for its various operations, That it is doing so extensively 
is evidence of the rapidly increasing amount of engineering study 
being devoted to all oil-field work by the operating departments 
of the oil companies themselves, assisted by fclio central stations 
and the machinery and electrical manufacturers. - 

That the prospects for%the future are amazing, as stated by 
Mr. Howard, is scarcely an exaggeration, In the United 
States alone there are approximately 300,000 producing oil 
wells, with a large number of oil-gathering and pipe-line pumps, 
water pumps and miscellaneous power-driven machines; and 
there are also from 550 to 600 refineries, both small and large. 
Statisticians tell us that this entire industry even now is less 
than 5 per cent electrified. Yet one electrical manufacturer 
has already sold over 200,000 h, p, in motors for well pumping 
and drilling alone, without counting those applied to other work, 
and this is apparently only a small forerunner of what will 
follow. • 

Mr, Howard makes the prediction that in ten years the petro¬ 
leum industry will be totally electrified in all branches except 
heating. Perhaps this prediction will be realized, as we all 
hope it will, but some factors make it seem doubtful that this 
millennium will be reached so soon. For instance, there are 
many thousands of wells in the eastern fields, (including Penn¬ 
sylvania, Ohio, West Virginia, etc.), which are very small 
producers and which are pumped only a few hours a day, at 
low expense. They have been pumped so long that the invest¬ 
ment for power equipment has been practically written off the 
books. Even if, by the adoption of electric drive on these w^ells, 
the running expenses could ho cut to half, the money saved 
v/ould probably he too little to pay for the new investment in a 
reasonably short time. Obviously, electric drive mil not be 
applied to such wells until the gas supply seriously declines, and 
while this situation has already been reached in some places, it is 
doubtful if it will bo universal in another ten years. Eventually, 
however, we may look for motors on such wells. 

Drilling is often done by contractors who provide their own 
power equipment. Inasmuch as they must use steam engines 
when electric power is not available, it is difficult to induce 
thorn to duplicate thoir investment by purchasing electrical 
equipments also, This is one of the reasons why drilling is 
not more extensively done by electricity. 

Another factor is the attitude of many of the power companies ^ 
toward the drilling load. Although electric drilling leads 
naturally to electric pumping, the drilling load is characterized 
by high peaks and relatively small kilowatt-hour consumption, 
and is not attractive to the central station on that account. 
Furthermore, long line extensions are often necessary to pick 
up the drilling load in a new field, and the power companies 
can scarcely afford to make these without assurance of a steady 
future return on the investment. The oil companies are not # 
usually willing to carry the burden, and by the time the now 
field proves to be a producing one, the opportunity to electrify 
the drilling rigs lias passed and the oil companies have installed 
many gas engines for pumping because they could not wait for 
electric power. However, many of the pow'er companies must 
be given credit for their growing interest and aggressiveness in 
these matters, and this is materially stimulating electrification. 

L. J. Murphy* Mr. Howard listed a tabulation in his paper 

••• * 
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With reference to pumping wells by means of natural gas: 
There has been very little of this done in Texas; however, there 
has been considerable development in the pumping of wells by 
means of compressed air in this section. 

My company lias recently installed twelve 75-li. p., motor- 
driven air compressors which are producing over 6000 barrels of 
oil per day. These motors replaced gas engines, and it was found 
upon replacing engines with motors that eight motor-driven 
compressors would supply the same quantity of air at the same 
pressure as twelve engine-driven compressors, due to the constant 
speed with sufficient horsepower to drive each unit. 

We have just obtained figures, on pipe-lino pumping covering 
a 30-day period, on one of the stations having installed three 
200-h. p., motor-driven, reciprocating pumps, two operating and 
one as a spare. There were handled during the 30 -day period, 
795,310 barrels of oil at 500-lb. pressure through a 10-in. pipe 
line, consuming 116,400 kw-hr.; and in another station, on the 
same line, there were handled during the same period 609,266 
barrels of oil at 600 lb. pressure, using 159,100 kw-hr. pumping 
into a line a part of which was 8-in. and the balance consisting of 
two 6-in, lines, causing higher pressure due to size of line. The 
cost of pumping was approximately two mills per barrel for 
electric energy. We understand that the equivalent cost with 
oil-engine-driven pipe-line pumps is approximately three one- 
lialf mills, which takes into account the difference in labor and 
maintenance. 

In conclusion, I feel that the opportunities for the development 
of the use of electricity in the petroleum industry have now 
reached the point whore the operating executives of the oil 
companies will receive and seriously consider electricity more 
intensi\ ely than they have in the past, during the pioneerng of 
this field, and we, engaged in tho electrical industry, can look 
forward to a very substantial amount of business from this source. 

DRONE OF AIRPLANE ILLUMINATES 
LANDING FIELD 

No longer will it be necessary to keep airplane 
landing fields brilliantly lighted all night when a new 
invention only recently demonstrated is perfected to 
the point of being manufactured in quantity. The 
noise made fcy the hum of an airplane 1000 ft. in the air 
closed the switch that lighted a bank of flood lights at 
Bettis Field, McKeesport, in the first demonstration 
of the sound sensitive automatic lighting apparatus 
developed by T. Spooner, an electrical research engineer. 
Merle Northrup, an air pilot, completed the experi- 

The device uses the drone of the airplane to control 
electric energy. From a tiny current at first this 
controlled energy is increased in power by amplifiers 
until it is strong enough to throw a good-sized lighting 
switch. 

A loud-speaker operated reversely is the “ear" 
of the mechanism. Laid on its back it gives the ap¬ 
paratus a directive effect with reference to noises from 
a ove. A microphone completes the auditory section. 
Passing through several amplifiers the impulse then 
passes through the time-limit relay, the last step before 
the current automatically throws the lighting switch. 

Ihe switch locks automatically and the lights remain 
on until th e switch is thrown by a field attendant — 
Tel. and Tel Age. 
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allowing the comparison of shut-downs with gas-engine drive 
and electric-motor drive in a certain field in Texas, In this 
connection I should like to say that I have similar data which 
show that tho percentage of shut-downs with tho electric drive 
averages 40 per cent less than the shut-downs with gas-engine 
drive. These shut-downs are from all causes, including engines, 
bolts, rigs, rods, and tubing. 

When a power salesman or an electrical man approaches an 
operator, the first question asked is, “How much is the power 
going to cost?” When lie gives the information that, for the aver¬ 
age well, it will run any where from $80 to $90 and for some wells 
as high as $296, ’fchile in other cases it will be as low as $45 a 
month, ho is immediately told that it is too expensive with the 
further comment, “Why should I use electric drive when I 
have all" the freo gas I can possibly use? In fact, some of it 
goes up into the air and is wasted.” Tho answer then is in 
■ behalf uf maintenance and fewer shut-downs. 

Mr. Howard passed lightly over tlie*matter of labor charges. 
With tho electric drive, I know of cases where one pumper handles 
as many as 33 wells, but the average number of wells per man 
wall be in the neighborhood of 15 or 16. On the other hand, 
the pumpers handling gas engines are doing well if they can 
take care of 8, as in many cases where the engine is repeated^ 
giving trouble and requiring attention, one pumper to every 2 
wells is quite often necessary. 

Another feature is tho roustabout gang. These are the fellows 
who do tho heavy work in the field, on rods, tubing and derrick. 
It is to bo expected that with the percentage of shut-downs 
of wells being reduced 40 por cent, the roustabout gang can also 
be reduced by a similar percentage, and actual results bear out 
this expectation. 

On a lease where there are, say, 100 wells operating with gas- 
engine drive, and they have 125 roustabouts, upon changing 
over to electric motor drive, the number of roustabouts can be 
reduced to approximately 75 men. This represents a saving 
at $165 per month per man or $8250 per month, or $99,000 per 
year. It can readily be seen that this item is one that should be 
taken into consideration in advancing electrification. 

E. B„ Freeman* I don’t believe Mr. Howard brought out 
one of the things that is uppermost in my mind with regard to the 
use of electricity in oil-field development, that is, the pumping of 
oil wells by means of natural gas. In the mid-continent field in 
Oklahoma, the Seminole oil field, (from which I hail, and which 
has. been producing about 320,000 barrels of oil per day), is 
being pumped by means of electric motors on air compressors or 
gas compressors. This, in many cases, has increased the flow 
of the well 100 por cent, and, by the way, it is an excellent thing 
for the power companies because it is a 24-hour load running at 
JLOO per cent load factor, or thereabouts. 

I believe he did mention in his paper an article from the Tulsa 
7 orld, telling of the Amorado Petroleum \ 
a big sleet storm without an interruption. That happened to be 
on oift lines and they are one of our largest power consumers. 
They have one station that consists of twenty 75-h. p. motors and 
four 100-k. p. motors that has been running continuously with a 
shut-down of one or two motors at a time for about GO days. 

*The Seminole oil field is a comparatively new field Six 
months ago they struck the first well and I believe we had a 
load pf |4h, p, Due to the fact that we had a high-tension line 
i| that vioimty wo were able to take on considerable load and 
at; the present tune we are pumping to the pipe lines about 80 
■ar«2» tlie outpufc of field and have connected in the one 
fleW a Uttle more than 12,000 K p. in the last six months, and 
■*££ this is motors on air compressors. 

K. Howard, I probably should have been more explicit 
,fl a T he P otroleun » industry would be totally 
“ d ma i l ltS , branohes ten years. I meant by this 

that all now development would bo electrified where olectrio 
s?rv ce was available and in some eases whore the oil compands 
would generate their own power for olectrio drive. 







Development of Automatic Switching 

Equipments in the United States and Europe 


BY A. H. de GOEDE 1 

Associate, A. I. E. E. 


Synopsis. —This paper gives a brief outline of the history and 
general development of automatic switching equipments in the 
United Stales and Europe, as applied to power equipment. 

A general review is made of the advantages of automatic equip¬ 
ments, consisting not only of a saving in operating expenses, but 
also of better operating characteristics as- compared with manually 
controlled stations. The various designing problems, adherent 
thereto, are pointed out. 

A comparison based on personal observation is made between 
the conditions in the United Stales and Europe, which accounts for 


the less rapid development and less extensive applications of auto¬ 
matic equipments in Europe, and a brief review is made of the 
restdls obtained in the latter years. 

Mention is made of the more recent applications, such as to 
mercury arc rectifiers. A brief description is also given of super¬ 
visory control systems, Hie development of which has progressed hand 
in hand with the automatic equipments. 

The accompanying illustrations show some typical iilodern 
American and European installations. 


* * * * * 


Introduction 

I T is interesting to note that the development of 
certain lines of the electrical industry shows wide¬ 
spread differences in the United States and Europe. 
The automatic switching equipments for the various 
classes of electric service form a striking example. 

The idea to cut down the operating expenses of elec¬ 
tric railways by the use of automatic substations, eli mi¬ 
nating the attendants and operating only when 
needed, found its conception in the United States about 
14 years ago. These equipments reached a high degree 
of reliability within a comparatively short time. 
After the war period, and after the initial installations 
had proven their worth, the automatic switching equip¬ 
ments found application on a large scale, not only for 
electric railways but for practically all kinds of service. 
In Europe, however, the first trial installations were 
not made until 1921-1922, and they had not been 
taken into commercial use on any appreciable scale 
until about 1924. The tardiness of Euripe in using 
automatic equipments may be explained by the dif¬ 
ference in economic and operating conditions as .com¬ 
pared with the United States. 

Development in the United States 
It was only natural that the high cost of labor 
in the United States should create a demand for un¬ 
attended stations. The first installation of this kind 
was tried out in Detroit in 1912 where a synchronous 
converter for lighting service was remotely controlled 
from a substation a mile away.. The success of this 
arrangement directed the attention of electric inter- 
urban railways to it in an effort to reduce their operat¬ 
ing expenses. Owing to the greater distances between 
substations, as in the case of interurban lines, -the 
remote-control scheme was less suitable and the de¬ 
velopment of full automatic substations had to be taken 
in hand. Automatic stations should be designed in 

1. Automatic Switchboard Dept., General Electric Co., 

Schenectady, N. Y. . . , 

Presented at the Regional Meeting of Dislncl No. 1 of the 
A. I. E. E., Pittsfield, Mass., May 26-28,1927. 


such a way that they perform the following duties, 
which are ordinarily taken care of by an operator in a 
manually controlled station: 

1. Start the machine on load demand, 

2. Protect the machine during the starting period, 

3. Connect the machine to the system, 

4. Protect the machine, when running, and control 
its output,, 

5. Take the machine out of service when there is no 
further demand for it. 

How well the early designers of these equipments 
realized the various problems associated with their 



Fia, 1 —Automatic Switching Equipment fob Two 
2000-Kw., 600-Volt, D-c., Synchronous Converters for 
Railway Service, with Feeders, Combined with Distributor 
Supervisory Control. (Oak Square Substation of Boston 
Elevated Railway, Brighton, Mass.) 

© 

functioning is proved by the fact that the first installa¬ 
tions of 1914 are still in service. 

The success of the very first automatic switching 
equipments for interurban and city railway service was 
so striking that a demand developed soon for their 
application to other fields. After a temporary slacken¬ 
ing during the actual war period, this demand became 
more urgent around 1920, and since that time they have 
been used extensively for all lands of electric service, 
of which may be enumerated their widespread appliea- 
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tion to railway, liydroelecti'ic, lighting, mining and in¬ 
dustrial (in particular, steel mill) service. 

.Hand in hand with the development of automatic 
control equipments for machines came the design of 
automatic reclosing a-c. and d-c. feeders in order to 
derive the maximum benefit from these installations. 
By selecting the most appropriate machine and feeder 
control equipments, a most flexible installation can be 
secured. 

1 The experience obtained with the first installations 



Fio. 2—Automatic Switching Equipment fob Two 4600- 
Volt, A-c., 3000-Ky-a., Waterwheel Driven Generators. 
(Interior Sugar Island Station, St. Lawrence Valley 
rowER Corporation, Potsdam, N. Y.) 

showed that the anticipated saving in operating ex¬ 
penses materialized. The main item was the saving in 
wages for two or three shifts of substation operators 
against which stood a surprisingly small amount for 
periodic inspection. An appreciable item was also the 
reduction m power consumption, as the stations are 
only m operation when there exists a load demand on the 
thus saving the running light losses over con¬ 
siderable periods, especially in the case of interurban 
lines with infrequent service. Further savings resulted 
that if was now economically possible 
nni? to a - a I 8er number of sma11 substations through- 

Zt oZ^L m t ° r - of a few la 'e« Elions. 

f! i ^? d u th , 1Sglve im P r °vement of service owing 
to he better holding of constant voltage on Z S 
system but also a considerable saving £ w , a , “ 

™ ***** which comp^rf'to a 

otoinet '* 

operation, it is essential thaf nn ^ t0 SGeure pro P er 
provided with a complete^ 0 f ® tati ° n be 

Active features which should , vv ? 1I ' know n pro- 
ranged in such a way that a ^ designe f and ar- 
function will take place for ant f m predete rmined 

if ?"""* *“*• 10 


ment. The ordinary manual station has only a few 
protective devices and depends for the rest on the ex¬ 
perience and minute observation of the operator who 
will never be able, in case a certain trouble develops, to 
take such immediate positive action as a relay especially 
installed to perform a definite function in case of just 
that kind of trouble. All operations in an automatic 
station occur in a certain predetermined sequence, and 
each step in the sequence depends upon the proper 
completion of .the previous one, so that faulty operation 
is excluded under all conditions. This will allow more 
reliable functioning than when the uncertain human 
element is present. 

In this respect it will be clear that the success of 
automatic switching equipments depends upon the 
correct functioning of each individual device. This 
has been realized by the designers of these equipments 
since the beginning, and .every endeavor has been made 
to make the devices as perfect as possible. A device 
must be not only electrically and mechanically strong 
but in many cases it is also essential that it be quite 
sensitive at the same time, which offers some unique 
problems. Furthermore, these devices should operate 
satisfactorily over a wide range of temperature, as 
automatic stations are not heated. Special devices 
have been designed as protective, checking, regulating 
and sequence relays especially for this kind of service, 
with due regard to their probable number of operations 
and duration of life. While in the beginning of auto¬ 
matic station operation there were a few cases of device 



Tig. 3 Typical American Automatic Control Fount 
ment for 276-Volt D-c, 300-ICw. Synchronous Moto 

Generator Set for Industrial Use 1 uok 

failures, the art has progressed so rapidly that a verv 

ugh degree of reliability has been reached and device 
failures rarely happen. 

In this way a very high class of regulating equipment 
ha been developed for use In automatic stations, S 
w 1 al ow these stations to operate temporarily at a 
much higher overload than would be considered safe 
m case of manual operation. The automatic protect 

Iwm J 1 - det f mme exact] y when the load Has to be 
educed m order to prevent damage to the machine 
d will function to accomplish this. - Usually, a d-c 
achme will then be adjusted so as to deliver power 
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up to its limit, to the system at a reduced voltage. As 
soon as the excessive load demand ceases, the voltage 
will be brought back to normal. In this respect the 
load limiting resistors in the circuit of synchronous 
converters may be mentioned, as well as rheostatic and 
counter-electromotive force control of the shunt fields 
of d-c. generators. These arrangements make it 
possible for an automatic station to deliver power up 
to the very limit of the machine so that service will be 
maintained as far as possible. 

A further advantage accruing to the use of auto¬ 
matic switching equipments is the fact that smaller 
buildings of less elaborate design can be used to accom¬ 
modate these equipments as no sanitary measures 
have to be taken for the attendant personnel as in 
manual stations. This makes it also possible to locate 
substation apparatus in places which would not be 
considered suitable for manuahstations. For example, 
if the load on an Edison lighting system in the business 



Fig. 4 —Two Views or Automatic Switchboard to 
Control a 500-Kw., 000-Volt D-c. Synchronous Converter 
at Sevres Substation or the “Sooiete des Transports en 
Commun de la Region Rarisienne” at Paris, Showing the 
Extensive Use op American-Made Devices (Reproduced 
prom Lb Ocnic Civil op December 12,1925) ^ 

district of a city increases to such an extent that a new 
substation becomes necessary, this may be located in 
the load center and installed in a basement, while in 
many cases with manual operation a more expensive 
site would have to be purchased, or the substation 
would have to be located at some distance from 
the load center, necessitating expensive cable runs. 
Another example is formed by the installation of sub¬ 
stations with rotating apparatus in residential districts, 
to which many objections usually are voiced on ac¬ 
count of the noise. When using automatic control, it is 
possible to use an entirely enclosed soundproof building. 
It will be clear that such ‘‘noiseless’' substations are 
only feasible with unattended equipments. 

The automatic switching equipments have also made 
possible the profitable development of small water 
power sites. It has been found in many instances that 
the building of small hydroelectric plants with auto¬ 
matic control, was entirely feasible, while their develop¬ 
ment with manual control was not economically wai- 
ranted, owing to excessive operating expenses. In some 
special cases it has been found that the building of 


‘several small plants along a river was cheaper than the 
development of a single high head plant of large 
capacity, due to the characteristics of the river-bed. 

Summarizing the above, some of the most out¬ 
standing advantages of automatic switching equipments 
are the following: 

1. No operators required, 

a. Saving in operating expenses, 

b. Freedom from labor trouble, 

2. Stations operate only as needed, *> 

a. Saving in power, 

b. Less wear on apparatus, 

. 3. Continuity of service and better regulation, 

4, Reliability, . 

5. Constant protection with positive action, 

6. Possibility of selecting the most economic location 
for a station, 

a. Saving in feeder copper, 

b. Less expensive sites, 

7, Possibility of developing small water power sites. 

It is not surprising that because of these paramount 

advantages of automatic switching equipment, their 
use has increased rapidly on a progressive scale. While 
in earlier, years automatic equipments were only in¬ 
stalled to'reduce the operating expenses, it is a notable 
fact that during the last few years their use is considered 
in many instances solely based upon their more re¬ 
liable service accomplishments as compared with 
manual control. They find more and more applica¬ 
tion in cases where continuity of service is of the utmost 
importance, such as in steel mills. 

Development if* Europe 
While the development of automatic switching equip¬ 
ment went ahead with rapid strides in the United States, 
very little work was done in this line in Europe. During 
the war period the capital and men were lacking for 
experiments and investigations which were not directly 
useful for the progress of the war, so that the develop¬ 
ment in the electrical industry in general was virtually 
at a standstill. The principal work consisted of main¬ 
taining existing installations in operating condition, 
while extensions were practically impossible. At the 
end of the war the load on several systems had increased 
to such a value that they were operating without any 
reserve at all.. 

After the war the demand for electric service increased 
greatly and the available capital was applied to the 
extension of the systems. As this had to be done in 
as short a time as possible to satisfy the demand, and 
as the industry was still quite disorganized, it is appar¬ 
ent that the time Was not very appropriate to try out 
radical changes in design, and only the more con¬ 
ventional equipments were installed. 

Owing to cheaper labor in Europe and the less ex¬ 
tensive use of interurban electric railways, the demand 
for automatic or unattended switching stations was less 
pronounced. The tremendous success of automatic 
installations in the United States, however, directed 
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the attention of European manufacturers to this class Europe to mount an exciter on the converter shaft for 
’ of equipment, and the subject was given serious con- .thispurpose. 

• sideration, especially as the post-war depression necessi- After these trial installations had given a good 
tated the application of the most economical apparatus, account of themselves, the automatic control equin- 
In the years 1921-1922 several trial installations were ments for synchronous converters have found com- 
built, practically all for synchronous converters for mercial application in the last three or four years" 

when their advantages became more fully appreciated! 
In the same manner as in the United States, they have 
been applied not only in order to secure operating 
economies but have also been used in cases where 
manual control was less suitable. In this regard men¬ 
tion may be made of a substation, Soho Square Sub¬ 
station of the Charing Cross Electricity Supply 
Commission, which is installed in the basement of a 
building in a thickly populated section of London. In¬ 
cidentally, it may be noted that this substation will 
ultimately contain five 300-kw. synchronous con¬ 
verters for 210-volt, d-c. lighting service, which are 
arranged to start and stop automatically in a definite 
sequence depending upon load conditions of the d-c. 








Fio. 5— Automatic Switching Equipment for 1000-Kw., sequence depending upon load conditions of the d-c 
(300-Volt MERCUnY Akc Rectifier, Consisting of Two system which is a large number of units comnared TO ?fU 
6-Anode Tanks, fob Railway Service, with Feeders, the usual .station in Hip TTnlfoW c!+„4. rt mr ed 
Combined with Selector Supervisory Control. (Chicago th ® Unlted StateR ‘ Th,a 5,W “ 

XlnnMH AXT__ Y. 1 
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the usual station in the United States. This shows that 
faith exists in the reliability of these equipments. 
Nevertheless, automatic synchronous converter sub¬ 
stations have found application only on a very limited 
scale in Europe when compared with their extensive 
use in the United States. The value of the load limit- 
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North Shore & Mi lvaukee Railroad Co.) 
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railway service. Two distinct designs can be noticed: 

1. Those which were developed by European com¬ 
panies with American connections, and which followed 
largely the American design, sometimes to the extent 
of using several devices built in the United States, 

2. Those which were developed independently. 

Even these latter equipments base their design upon 

the operating experience obtained in the American 
V ^ tat,0ns . duri "K several years. The only basic dif- 
ference is that in many cases the synchronous converter 
is not self starting, which has never found great favor 
?, n the con tment owing to the disturbances caused in 
fchea * <? ; system, frequently of a small capacity. Instead 
KIRS! ’ . ma]l starting motor is installed on one end 

°* the converter shaft to bring the machine up to syn- 

JlIKlsi bef ° re C0I ? necting ifc t0 the a*c; system. 

W y universal practise in the United States 
brushes from, the commutator during the 
a few E««>pean manufacturers do not 

^^iSS^^^Procedure. It is claimed thaTex^Te _- 
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Mercury Arc Rectifiers 
At this point attention may be called to the steel 
enclosed mercury arc power rectifier. Being an Ameri¬ 
can invention, it is remarkable that its development 
originally progressed even more rapidly in Europe 
than in the United States. Above a certain definite 
d-c. output voltage, this apparatus has a very decided 
attraction as the means of converting alternating 
current to direct current with the highest efficiency of 
any known conversion method. 

These rectifiers have found widespread application 



Fig, 7—Typical European Installation op Automatic 
Switching Equipment for Three 1600-Kw., 600-Volt D-c. 
Synchronous Converters at Balham Substation, op the 
London Underground Railway, Remotely Controlled. 
(Reproduced prom the Metropolitan-Vickers Gazelle, op 
November, 1926) 


. Supervisory .Control Systems 

The development in the United States has long 
been concentrated on full automatic operation without 
any attendance whatsoever, except periodic inspection. 
In more recent years there seems to b£ a tendency to go 
back, not exactly to remote control, but rather to remote 
supervision. In this case the automatic station is 
allowed to function automatically by its own devices, 
but a dispatcher at a central point receives indications 
of the main switching functions, so that he is at all 
times fully informed by means of a system of lamps as 
to what happens in the remote automatic stations. 
Generally, the dispatcher has control of certain func¬ 
tions, so that he can start or stop a machine or open a 
feeder at will, regardless of the conditions on the system 
of which the substation forms a part. This feature is 
useful in certain emergencies. These supervisory 
systems have passed the experimental stage and have, 
also reached a high degree of reliability. They allow 
the control and indication of a large number of separate 
functions over three or four common line wires, which 
under certain circumstances may also be used for tele¬ 
phony. The systems operate with a short time delay, 
which is only 6 or 10 sec. Simpler schemes rely on 
audible indication and are useful for systems where 
only a few functions have to be performed. These 
supervisory systems are based upon the use of devices 
which have proven their reliability in train signal, 


mm 


in Europe during the last 8 or 10 years, and after proving 
their reliability, the step to make them automatically 
controlled was soon taken. Fundamentally, the auto¬ 
matic switching equipment for a rectifier^ is simpler 
than for a synchronous converter as no synchronizing 
with the a-c. system and no polarity check is necessary. 
Consequently, automatic control equipments for mer¬ 
cury arc rectifiers have found more general application 
and on a larger scale in Europe than the equipments 
for synchronous converters. Only in the last two years 
a comparatively small number of mercury arc rectifiers 
has been equipped with full automatic control equip¬ 
ments in the United States. Their application gives 
some complications which are not known in Europe, 
especially due to the fact that they are subjected to 
extreme changes in temperature in many sections of the 
United States, which may effect the correct operation 
of the rectifier. Automatic temperature control is 
therefore necessary, which is not required for European 
installations. For full automatic equipments the 
American practise requires also automatic vacuum 
control, which is not generally furnished with the 
European equipments. These complications have held 
back the application of automatic control equipments 
to mercury arc rectifiers a good deal, but still their use 
is gradually increasing. 



Fig. g —Typical European Installation op Automatic 
Switching Equipment for 300-Kw., 800-Volt D-c. Syn¬ 
chronous Converter and 300-Kw,, 800-Volt D-c, Mercury 
Arc Rectifier at St. Legier, Switzerland. (Reproduced 
from the Brown Boverie Review, August 1026) 

telegraph and automatic telephone service, of course 
with the necessary modifications for power work. 
A further refinement of these methods of supervision 
is the remote metering. Several workable schemes have 
been developed to transmit various meter readings auto¬ 
matically over large distances from a remote automatic - 
station to a dispatcher. While this supervisory 
equipment is fairly expensive, many operating compa¬ 
nies consider it of the utmost importance, because the 
dispatcher is constantly informed about the actions of 
the automatic stations, which will explain why these 
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systems have found a widespread application in the 
United States during the last few years. 

As automatic stations have not yet been in such 
extensive use in Europe, there has been very little 
demand for theSe supervisory systems. A few have 
been developed, based mainly on automatic telephone 
devices. 

Conclusion 

The leading, manufacturers in the United States are 
at present prepared to furnish reliable automatic 
switching equipments suitable to meet all possible 
control operations for both a-c. and d-c. machines and 


for switching operations on a-c. and d-c. networks, in 
short, for all classes of electric service, with the only 
exception of generating stations driven by prime movers 
other than water wheels. 

The application of automatic switching equipments 
in Europe has been on a much smaller scale and covers a 
smaller scope of work. Practically all installations are 
for railway and lighting service, with some isolated 
cases for the other classes of electric service. , Tj 

Automatic switching equipments for practically 
every conceivable operating condition have been in¬ 
stalled the world over and prove daily their paramount 
advantages. Their future is assured. 


Transformer Tap Changing Under Load 


BYL.H. HILL 1 
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Synopsis « —Changing the voltage ratio of transformers under 
load is now a recognized and established procedure. Methods 
of changmg taps under load are discussed, illustrated and compared . 


Equipment for obtaining smooth curve voltage control is discussed, 
as well as combination voltage and phase-angle control , 

* * * * * 


Introduction 

T HE development of reliable equipment for changing 
the voltage ratio of transformers without discon¬ 
necting the load has, in effect, created a new type 
of apparatus ranking with the induction regulator or 
synchronous condenser in importance - . 

Transformers provided with equipment for tap chang¬ 
ing underload, however, do not labor under the inherent 
disadvantages incident to the use of the other two kinds 
of apparatus. The rapid growth in popularity of this 
equipment has been due to the fact that for certain 
applications, a simpler, more compact, more reliable, 
sturdier, more effective, and cheaper piece of apparatus 
can be obtained by this than with the older forms of 
equipment. 

The application of transformers provided with equip¬ 
ment for changing taps under load is very wide. Per¬ 
haps one of the most important is in connection with 
transformers used to tie together two large systems or 
parts of systems. Of next importance are units used 
for bulk voltage regulation of. a secondary bus or to 
compensate for voltage drop in transmission circuits. 
Other interesting applications are those involved in the 
variation of voltage applied to rotary converters and 
furnace transformers. 

Methods of Tap Changing 
• There have been numerous methods devised and, at 
least to a limited extent, used to change the voltage 

tv^ ra tisformer Engg. Dept., Weatingliouso Eleo. & Mfg. 
Uo. Sharon, Pa. 

. Presented at the Regional Meeting of District No. 1 of the. 
4. /. E, E., Pittsfield, Mass,, May 85-28,1927. 


ratio of transformers under load. These may be 
divided into two classes—those changing the ratio in 
steps and those changing the ratio along a smooth curve, 

. Changing the Voltage Ratio in Steps 
The majority of schemes proposed and used for chang¬ 
ing the voltage ratio under load change the ratio in 
steps. Roughly, these may be divided into two general 
classes,—(1) those using duplicate paralleled windings 
in the transformer, each normally carrying one-half 
of the lo^d, but adapted for carrying the entire 
load during the time that the taps on the other are being 
changed; and (2), those using a single winding with a 
preventive resistance, reactance, or auto-transformer 
across the taps involved in the transition. • 

The Parallel Winding Method 

Fig. 1 indicates schematically a winding arranged to 
change taps under load by means of the parallel winding 
method. 

Each of the parallel circuits contains a tap changer or 
ratio adjuster, usually located inside the transformer 
tank, and a circuit breaker, which is outside of the trans¬ 
former tank. 

When taps are changed, one of the paralleled circuits 
is opened by means of the circuit breaker in its re¬ 
spective section and the taps are changed while the 
winding carries no load. During this period the entire 
load is carried by the other winding. When the first 
circuit breaker closes, the two sections of the windings 
are paralleled with unequal taps and a circulating 
current exists. This is for a short time only, as the 
second breaker opens immediately, permitting the taps 
to be changed at no-load on the second winding, while 
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the first carries the total load. After this, the tap 
changing operation is completed by closing the breaker 
on the second winding with the result that the two 
paralleled sections again operate on equal taps. 

During the interval of tap changing, one of the paral¬ 
leled windings carries double normal current. The 



Operations for the Parallel Winding Method 


windings are ordinarily designed with sufficient capacity 
to carry this abnormal current during the tap changing 
operation and differential protection between windings 
is provided to guard against accidental overloading for a 
longer period of time. 




Fia. 2—20,000 -Kv-a., 66,000-Volt, 60-Cycle Tbansfobmehs 
using Parallel Winding Method 

A transformer designed to change taps under load 
by means of the parallel winding method is illustrated 
in Fig. 2. 

Single Winding Method 
The other methods used in addition to the parallel 
winding method fall into the class which uses a single 
winding in the transformer with a preventive coil or 


some other device to limit the current during the tran¬ 
sition period from one tap to the next. 

Probably the oldest form of equipment for tap chang¬ 
ing under load employed the Stillwell regulator prin¬ 
ciple, which uses a preventive resistance temporarily 
bridged across taps to limit the current during the tran¬ 
sition period. 

Equipments have also been made, to a limited extent, 
using a preventive reactance in the circuits instead of 
the resistance used with the original Stilkvell scheme. 

A much simpler scheme than either of these two 
consists of using a preventive auto-transformer with a , 
mid-point tap, as schematically shown in Fig. 3. A great 
many units have been built employing this metho,d. 

To obtain the full winding of the transformer in the 
circuit, switches 1 and 6 are closed. The circuit is then 
through the full transformer winding and divides 
through the preventive auto-transformer, one-half, 
being through one side of the auto-transformer and one- 
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Fig, 3—Schematic Diagram and Sequence Chart of 
Preventive Auto-Transformer Method 

half being through the other half in the opposite di¬ 
rection. The voltage of the transformer is therefore 
the voltage induced in the entire winding. To change 
taps, switch 6 is opened and 2 is closed. This connects 
the auto-transformer across the two taps and, since the 
line lead is attached to the center of the preventive 
auto-transformer, the line voltage becomes the same as 
it would have been had the line lead been attached to a 
tap midway between the two actually brought out. 

Similarly, to change taps still further, the process is 
repeated in this manner, (Fig, 3). 

In the earlier installations built using this method, 
the switches and preventive auto-transformers were all 
mounted separately and apart from the main trans¬ 
former tank. In later equ ipments, since the preVentive 
auto-transformer has no moving parts and can be made 
entirely reliable, it is mounted inside the main tank 
and supported from the main transformer. 

Fig, 4 illustrates an installation of transformers using 
this type of apparatus. The tap changing equipment is 
contained in the sheet iron house next to the transformer 
tank. 

The tap leads are all brought through the side of the 
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'transformer tank, and are connected to the circuit 
: -.-fereakers mounted in the upper portion of the stele 
|f?|“house. 

The circuit breakers are mechanically connected to 
• the operating mechanism on the floor below. 

||For a short time during the transition period, one-half 







Simplified Preventive Auto-Transformer Method 
The preventive auto-transformer method, using a 
short-circuiting switch across the auto-transformer, 
has recently been simplified still further by merely the 
elimination of the short-circuiting switch and the use 
of an auto-transformer designed to carry the trans¬ 
former full load current in either half of the winding with 
the other end disconnected. 

Fig. 5 illustrates schematically the winding arrange¬ 
ment when this method is used. To obtain the entire 
transformer winding in the circuit, switch 1 is closed 
and the current passes through the transformer winding 
and one-half of the preventive auto-transformer. This 
gives a small impedance drop through the auto-trans¬ 
former which is in series with the transformer. Since 
the drop is almost entirely reactive, its effect on regula¬ 
tion is practically negligible at power factors above 65 
percent. 

To change taps one step, switch 2 is closed, placing 
the auto-transformer across the two taps, and giving a 
voltage on the mid-tap of the auto-transformer midway 
between the two actual tap voltages. 

To change taps another step, switch 1 is opened and 
the conditions become as before, with the other half 
of the auto-transformer carrying the full current of the 
transformer. 

To change taps still further, the process is continued 
in the same manner, as may be followed in detail from 
the sequence chart, Fig. 5. 

It may be seen that, by this development, the process 
of tap changing has apparently reached its utmost 
simplicity for step-type tap changers with one switch 
operation to change taps, and in every other tap change, 
the switch closing instead of opening. 

When full load current is passed through one-half 
of the auto-transformer with the other half open, the 
full-load current of the main transformer as in the case 
of the other auto-transformer method becomes the 
exciting current of the auto-transformer. Under this 
condition, there are no neutralizing ampere-turns from 
the other half, so that the transformer becomes a 
reactor. Air-gaps are provided in the core to give 
low impedance when operating in this manner which, 
of course, makes the exciting current, when operating 
as an auto-transformer across taps, higher than 
ordinaiy. 

Switches for Tap Changing Service 

a • Circuit-breaker devices for tap changing service have 

PiJlilSS Au^q-Thansfoiuier cncmt bleaker. The ordinal breaker is designed for 

-■ V. relatively infrequent operations with a few operations 
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Pig. 4—Installation of 0- 10-, 500-Kv-a,, 66,000-Volt, 
25-Cycle Transformers using Preventive Auto-Trans- 
former Method » ' 


of the auto-transformer winding carries all of the load 
IgpItCr t current of the transformer, while the other half of the 
winding is open. The load current is then the mag¬ 
netizing current, and the voltage across the preventive 
auto-transformer tends to rise somewhat above normal. 
• To limit this voltage to a low value, the design of the 
auto-transformer is such that thecore becomes saturated 
when the voltage reaches a value slightly above normal. 
In changing from one voltage to another, two opera- 
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line current. Instead of calling for a few operations 
with high interrupting capacity, it must be able to stand 
a great number of operations without losing its adjust¬ 
ment but with very low interrupting capacity required. 

A switch for tap changing service is never called upon 
to interrupt a short circuit except in the remote possi¬ 
bility of short circuit on the system occurring during a 
tap changing operation. Even in this case the voltage 
to be interrupted would be very lbw but the current 
would, of course, be considerably higher than normal. 



Fig. 6—12,000-Kv-a., 132,000-Volt Transformer using the 
Simplified Preventive Auto Method 

In fact, the service required of a switch for tap changing 
service, approaches that ef a heavy duty contactor 
switch. Fig. 6 illustrates a transformer provided with 
equipment for tap changing under load, using Especially 
designed switch to meet these requirements, a very 
simple, compact, and sturdy mechanism. The single 
winding method, using the simplified preventive auto¬ 
transformer, was employed. 

All mechanical equipment is isolated from the main 
transformer tank. The switches are contained in a 
separate oil-filled compartment on the side of the trans¬ 
former case and the operating mechanism is contained 
in the housing below with a connecting tube enclosing 
the drive shaft which enters the upper compartment 
through an oil tight stuffing box in the bottom. 

The general construction of the switch itself may be 
seen in Fig. 7. Condenser bushings through the side 
of the transformer tank support the stationary and 
movable contacts which are arranged to give the rolling 
action common with heavy-duty contactor switches. 

.The rolling action is such that the arcing is taken at 
the tips so that the current carrying parts always 
remain in good condition. Opening and closing is 
definitely fixed in the proper sequence by the mechani¬ 
cal operation of the cams as in the case of the equip¬ 
ment using circuit breakers. The toggle mechanism 
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assures quick opening, but in case of sticking or contact 
weld, the cams force the opening. 

Control of Tap Changing Equipments 

Tap changing equipments are normally arranged for 
remote electrical control by the operator, with auxiliary 
arrangements for manual operation in case of failure 
of motor or control voltage. 

The electrical control is such that after the operator 
has initiated a .tap change, auxiliary mechanically 
operated switches on the equipment assure the com¬ 
pletion of the tap changing operation irrespective of the 
action of the operator. Remote electrically operated 
position indicators of the dial type or of the indicating 
lamp type are generally, used. 

Tap changing equipments may also be built to operate 
under automatic control. The transformer illustrated 
in Fig. 6 was arranged to automatically control the 
voltage at a given point within predetermined limits. 

The automatic control is initiated by a rise or fall in 
the low-voltage potential acting through a long time 
delay relay. 

The use of automatic control with step type tap 
changers places unusual responsibility on the reliability 
of the apparatus. On account of the greater number of 
operations likely to be obtained with equipment respon¬ 
sive to the action of fluctuating line voltages, the time 
delay relay must be introduced to eliminate unnecessary 
operations—also to prevent the possibility of the tap 



Fig, 7—Special Switcii Designed for Tap Changer Service 

changer operating during short circuits. Since a short 
circuit on the system tends to reduce the voltage, these 
would be a tendency for the tap changer to operate 
during the short circuit to raise the voltage, which in 
itself would be undesirable. 

With automatic contvol of step type equipment 
it is necessary also to design the control equipment to 
free the motor-actuating circuits from the voltage- 
responsive circuits as soon as the motor-actuating cir¬ 
cuits have become energized. 

When transformers are operated as single-phase units 
in a bank with individual tap changing mechanisms or 
when two banks are operated in parallel, it is essential 
that out-of-step operation be guarded against. In all 
such cases, the automatic equipment is locked out of 
service and an alarm sounded. 
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Comparison of Step Type Tap Changing Methods 

Satisfactory tap changing equipments have been 
built using the two fundamental methods of step-type 
tap changing. There are certain inherent advantages, 
however, pertaining to each. 

The single winding method requires fewer taps in the 
transformer for a given number of operating positions 
and gives a simpler transformer winding than the other 
method. On account of the less number of taps it is 
easier also te bring all operating parts outside of the 
transformer tank when this method is used. In 
addition, the fewer number of switch operations give the 
preventive auto method a decided advantage. 

With the parallel winding method, however, when a 
wide range of taps in small steps is desired, a more 
compact equipment may usually be obtained by the 
use of the tap changer inside the main tank. This is 
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Pig, 8—Schematic Diagram and Sequence Quart for Step 
Induction Regulator Equipment 

particularly advantageous with small three-phase units 
where space limitations make it difficult to mount all 
equipments outside the main tank. 

Equipment for Changing Transformer Voltage 
Ratio in Smooth Transition 
t An interesting modification of the simplified preven¬ 
tive auto-transformer scheme of tap changing is ob¬ 
tained if the two halves of the preventive auto- 
transformer are replaced by the two sections of a series 
transformer—in combination with a small induction 
regulator. 

Stfch a combination is called a step induction regula¬ 
tor and has been used principally for bus regulation and 
to apply variable voltage in a smooth curve to furnace 
. transformers, testing transformers, and synchronous 
■.converters. It has been applied also to transformers 
• Ujsed for interconnecting two systems. Referring to 
Fig. 8, the switches 1, 2, 3, 4 and 6 are called selector 
switches while A and B. are called transfer switches. 
The induction regulator may be a standard feeder 


regulator with the addition of slip-rings to make the 
rotor suitable for continuous rotation. 

Rotation of the induction regulator rotor through 
180 deg. changes the voltage in its winding from^a 
maximum in one direction to a maximum in the other 
direction. In the application to step induction equip¬ 
ment, the voltage of the regulator is added to or sub¬ 
tracted from a transformer tap to provide means for 
transferring from one tap position to the next and in¬ 
cidentally obtaining an infinite number of operating 
positions in between. 

Referring to Fig. 8, if the entire voltage of the trans¬ 
former winding is desired, selector switch 1 and transfer 
switch A would be closed with the regulator rotor in 
the position of zero buck and boost. 

To reduce the effective transformer coil voltage, 
the regulator is rotated to increase the voltage. At 
the position of maximum regulator voltage, the series 
transformer is designed so that the voltage offhach half 
of the series winding is exactly the same as one-half 
the tap voltage. 

At this point, switches 2 and B may be closed, since 
the half of the series winding connected to switch 1 
reduces the effective coil voltage the same amount that 
the half connected to 2 adds to the voltage up to that 
point. Since the potential at the two points are the 
same, they may be connected. Continued rotation 
of the mechanism opens switches A and 1 and the volt¬ 
age of the series transformer adds to the coil voltage 
of switch 2. As the regulator is rotated further, the 
voltage of the series transformer half decreases to zero 
when the line voltage becomes equal to the coil voltage 
up to tap 2. Continued rotation repeats the process 
to the next tap, ’as may he followed in detail from the 
sequence chart of switch operations Fig. 8. 

Any ojjthe infinite positions of the induction regulator 
become operating positions so that an infinite number of 
steps in voltage may he obtained between the extreme 
tap position. 

It would be possible to eliminate the series trans¬ 
former with this equipment, by building a special regu¬ 
lator with two sets of secondary coils. The use 
of the series transformer is desirable, however, 
not only because it eliminates the necessity of 
making a special regulator winding, but it isolates 
the induction regulator from the transformer circuits. 
The use of the relatively weaker induction regulator, 
therefore, does not reduce the inherent mechanical 
and electrical reliability of the main transformer. 

When the range of voltage regulation is exceptionally 
large, it is economical to modify the above scheme by 
switching the induction regulator along an auxiliary 
winding, which, in turn, is switched along the main 
winding at less frequent intervals. The taps are 
changed on the auxiliary winding in the same manner 
as described above and the voltage of the auxiliary 
winding either added to or subtracted from the taps of 
the main winding. ^ 
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Assuming that the voltage is to be increased, one of 
the auxiliary windings is connected to a tap such as 
tap 1 of the transformer, and the induction regulator 
switched along the auxiliary winding until the voltage 
of the double secondary windings is added to the auxil¬ 
iary winding, The voltage added to tap 1 is then the 
same as the voltage of the winding between taps 1 and 2 


Fig, 9—2500-Kv-a., Stef Induction Regulator Equipment 

minus the voltage of one winding of the series trans¬ 
former. There will be no change, therefore, in voltage 
if the second double secondary winding is connected 
to tap 2 so that its voltage is subtracted from the tap. 
The voltage may be increased further by disconnecting 
the auxiliary winding from tap 1, and rotating the regu¬ 
lator rotor so that the voltage of the second auxiliary 
winding plus the voltage of one winding of the double 
secondary winding is added to tap 2. • The connections 
are then changed as before* so as to subtract the voltage 
of one winding of the series transformer frgm tap 3. 
Further increases of voltage are obtained beyond tap 3 
in a similar manner. 

An interesting application of the step induction 
regulator principle -is illustrated in Fig. 9, where the 
voltage applied to a 2500-kv-a., synchronous converter 
is varied in the ratio of 2 to 1, giving a voltage range of 
50 per cent in smooth transitions. By the use of 
voltage regulating equipment of this kind it is possible 
to cover a wide voltage range without the use of booster 
type converters. 

In Fig. 10 is illustrated the possible compact and 
simple arrangement of step induction regulator equip¬ 
ment with all moving parts external to the main unit 
but with the series transformer inside the main case. 
The selector and transfer switches are mechanically 
operated contactor switches driven by the regulator 
in the proper sequence. 

Comparison ' of Step Type and Step Induction 
Regulator Methods 

The step induction regulator is well adapted for use 
where bus or transmission circuit voltage is to be con¬ 
trolled, particularly where automatic control is desired. 


CHANGING- UNDER LOAD 

In*this case, automatic control merely calls for a volt¬ 
age actuated relay with time delay, giving a much more 
simple control equipment than is possible with the step 
type equipment. When automatic control is used, the 
number of tap changing operations is’usually greater 
than otherwise so that the step induction regulator 
units are particularly adaptable on account of the fact 
that there is no burning of the contacts and therefore 
less maintenance required. 

When the range in taps to be covered is»not too large, 
and if small steps are not required, the step type 
equipment is more desirable on account of the somewhat 
simpler equipment. 

Separate Regulating Units 

The tap changing equipments heretofore considered 
have been applied directly to the transformer unit. 
On account of the fact that no additional transformer 
units are required, this generally gives the cheapest, * 
most efficient and most compact equipment to change 
the voltage. 

There are applications, however, where modifications 
of this simple arrangement are desirable. 

In general, tap changing mechanisms are so far 
practicable for direct use in circuits up to 33,000 volts 
orjcarrying not more than 1200 amperes. By using these 
units in the star connection of solidly grounded systems 



Fig. 10—Sketch op Transformer Provided with Step- 
Induction Regulator Equipment Built Integral with It • 

it is possible to apply them to transformers of^much 
higher voltage by placing the tap changer in the 
grounded end. 

In case of delta connections above 33,000 volts or 
ungrounded star windings of higher voltage, the use of a 
separate regulating unit becomes desirable at present. 

The use of a separate regulating unit may be desirable 
also from other considerations. For example, if it is 
desired to obtain voltage control with transformers 
already installed, the separate regulating unit becomes 
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very useful. In some cases the need for voltage regu¬ 
lation may not be permanent, so that a separate regu¬ 
lating unit may be used with the idea that it may 
later be transported to some other location. 

The use of Separate regulating units, however, is 
accompanied by the requirement of more floor space, 
lower over-all efficiency on account of the extra trans¬ 
formers required, higher installation cost on account of 
the interconnections, etc., required between the reg¬ 
ulating unit ajid the main unit. 

Fig. 11 illustrates schematically the winding arrange¬ 
ment for a separate regulating unit. By suitably 
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Fig. 11—Schematic Diagram op Separate Regulating Unit 

arranging the ratios of the respective series and exciting 
units, the tap changing equipment may be used to cover 
a wide range of applications. Both the series and ex¬ 
citing transformers may be mounted in the same case, 
to reduce the number of bushings and simplify the 
connections and installations. 

In the case of equipment for tap changing under load 
designed to operate on high-voltage ungrounded units, 
the auxiliary series and exciting windings may be built 
into the same unit in such a way as to reduce the 
number of auxiliary windings and cores and increase 
' the over-all efficiency. Assume, for example, a unit 
with tap changing under load required on a 120,000- 
yolt delta winding. The series transformer as shown 
|n Fig. 12 may be used but the exciting transformer 
in the separate regulating equipment may be replaced 
bj;a third winding in the transformer's shown. 

Combination Voltage and Phase Angle Control 
1 y: When systems become larger and interconnections 
* become more frequent, cases will arise where phase- 
angle control, as well as voltage control, may be re- 
|.v,jguired to obtain satisfactory results. This condition 
will exist where a substation is supplied from two 
' with interconnecting lines of different 
|f;:ptjpi6^mces. 

S : !|; # appears that the control necessary will be of the 
^erpfplus or minus 10 per cent in-phase voltage with 
contro1 of approximately plus or minus 
eg. This means that an in-phase component of 
plus or minus 10 per cent, and a quadrature component 


of plus or minus 10 per cent, each independently adjust¬ 
able, should be super-imposed upon one of the lines at 
some suitable point. 

These problems may be worked out, using two induc¬ 
tion regulators, two transformers, or by means of a 
single multi-winding transformer. 

Regulation Methods 

Under this scheme, taking a 24,000-volt line carrying 
25,000 kv-a. as an example, two 1260-kv-a., three- 
phase, induction regulators, adapted for 5 per cent 
regulation on 25000 kv-a. and connected in series 
may be used. The primaries of these regulators are 
energized by means of a three-phase transformer, 
24,000 to 4800 volts, 3300-kv-a. capacity. The output 
of the two regulators in series may be stepped up by 
means of a 2500-kv-a. series transformer so as to buck 
and boost tire 24,000-volt line 2400 volts in either di¬ 
rection due to the two 5 per cent windings in series. 
Because of the fact that a three-phase regulator rotates 
the voltage vector,—that is, it is fixed in magnitude but 
is variable in phase,—the first regulator will add to the 
line voltage a voltage vector which is equal in magnitude 
to 5 per cent of the line voltage but whose phase angle 
with respect to the line voltage, (depending upon the 
relative position of the rotor and stator of the regulator), 
may swing to any position in a complete circle pivoted 
upon the end of the line voltage vector. The regulator 



Fig. 12—Schematic Diagram showing Applications oi 
Low-Voltage Tap-Changing Equipment to Higii-Voltagi 
Transform bus 

itself may be supplied with slip-rings so that it is capable 
of continuous rotation. The terminal voltage of the 
regulator is therefore represented by a circle of radiut 
5 per cent. To this, a second regulator is connected 
ip-series having an independent control, the termina 
voltage of the second regulator describing a 5 per cenl 
cii cle having its center located on the circle described 
by the first regulator, with the result that the termina 
voltage of the second regulator may be adjusted al 
any point within a radius equal to 10 per cent and may 
therefore give a phase angle control of the line voltagi 
of approximately 6 deg. and also a maximum in-phasc 
buck or boost of 10 per cent either way. 
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Transformer Method 


In the second method, two transformers of 2500-volt 
capacity each may be used with primaries wound for 
24,000 volts and secondaries wound for 2400 volts, 
each rated for 24,000 volts series connection with the 
line and equipped with tap changing under load 
covering a range from plus 2400 volts to minus 2400. 
The first transformer is arranged with its primaries 
star connected so that the secondary is in phase with the 
line. The second transformer has a delta-connected 
primary and by properly selecting the secondary wind¬ 
ing, a secondary in quadrature with the line is obtained. 
These two windings are placed in series with each 
other and with the line, and it is therefore possible to 
impose upon the line an in-phase voltage component 
of 10 per cent plus or minus and also a quadrature 
voltage component of 10 per cent plus or minus, each 
being controlled independently. By a manipulation 
of the two transformers in effect, it is evident that any 



• Multi-Winding Transformer Method 

By using a multi-winding transformer, the equip¬ 
ment may be still further simplified. Instead of using 
two transformers a single three-phase, three-winding 
transformer may be used. One winding is the exciting 
winding and the others are connected to give two 
voltages in series but displaced from each other by 
60 deg. This would take the place of the two separate 
transformer windings in true quadrature. This ar¬ 
rangement results in a very decided decijease in the size 
of the transformer tank and also an increase in J the 
over-all efficiency of the transformation, and results-in a 
considerable reduction in cost. 

In either of transformer equipments, any of the .types, 
of tap changing equipment may obviously be used. 

Conclusion 

The development of reliable sturdy apparatus for 
changing transformer voltage ratio under load has 
opened up a new field with enormous possibilities. 


degree of in-phase voltage regulation and any degree of While it can be seen that equipment of this naturejis 
phase-angle control within the limit of the apparatus not inexpensive, yet it will generally be found that if 
may he obtained. voltage control of large capacity is desired, the use of 

The losses in the case of the regulator method are transformers arranged for changing taps underload 
approximately double the transformer method. will be foufid economically desirable. 


Recent Investigation of Transmission Line 

Operation 


BY J. G. HEMSTREET' 

Associate, A. 1, E. E. 


Synopsis . —This paper discusses transmission line operating 
experience on the 140,000 -volt isolated neutral syslfoi of the Con¬ 
sumers Power Company, Michigan. 

Careful inspections and tests have been made to determine the 
conditions existing relative to insulator flashover and the findings 
and results are shown by tables and curves. 


Ground resistance or soil conditions appear to have a very decided 
effect on the number of flashover s on the various lines. The necessity 
of providing suitable arc protection to the line conductors is shown, 
as is also the soundness of certain theories and recommendations for 
increasing the reliability of transmission lines, based upon laboratory 
experiments. 
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Introduction 

HE design of an insulation system for high-voltage 
transmission lines that will be immune from failure 
during lightning storms or other abnormal con¬ 
ditions, is one of the most important problems con¬ 
fronting the transmission engineer at the present time. 
This is becoming increasingly so with the intercon¬ 
nection of large ’systems and the more exacting require¬ 
ments of the consumers. 

The experience of those who have been operating 
some of the larger systems should be of assistance in 
designing, in so far as possible, to guard against the 
difficulties that have been encountered, and it is with 

1. Supt. of Operation, Consumers Power Co., Jackson, Mich. 

Presented at the Summer Convention of the A. I. E. E., Detroit, 
Mich* t June 20-24, 1927. 


this thought in mind that the data in this paper are 
presented, as well as to add to the information on 
operating experience already available; also as a further 
check on certain theories and designs that have been # 
and are proposed for the greater reliability of high- 
voltage transmission lines. This paper relates some 
experiences and the results of investigation of trans¬ 
mission line operation with particular reference to 
insulator flashover on the 140,000-volt system of the 
Consumers Power Company in Michigan. A map 
of this system is shown in Fig. 1. 

History 

The matter of insulator flashover became of some 
concern a few years ago as the system increased in 
size. The flashovers in some cases caused voltage 
disturbances or circuit breaker operation and in a 
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few instances failure of the line due to burning of the 
conductor or hardware at the lower end of the insulator 
string. The earlier lines were not equipped with any 
form of are protection hut in 1920, standard 15-in. 




Fra. 2—Type or Arcing Horn Used 

arcing horns, (shown in Fig. 2), were installed on the 
Argenta-Battle Creek section which at that time was 
added to the system. Later in the year, the Jackson- 
Battle Creek section was added and was also equipped 


with the standard arcing horn. The Edenville- 
Saginaw-Flint sections were added in 1924. At the 
time these last two sections were being designed, 
there was considerable discussion as to the nature of 
the transients, set up in high-voltage systems, that 
caused flashover, and based upon the theory that the 
trouble was due to rather sustained high frequency 
conditions 2 , started by the original lightning discharge 
or some other cause,, the insulator flux control was 
offered as a means of raising the flashover voltage of the 
insulator, as well as providing a horn as protection to 
the conductor. The Consumers Power system being 
delta-connected throughout, the possibility of the 
existence of severe high-frequency disturbances was 



Fig. 3—Flux Control Assembly 

thought to be more likely at the time than would be the 
case on other systems operating with the neutral 
grounded, and this was thought possibly to be the cause 
of some of the trouble. These last two sections of line 
were equipped with the flux control, as shown in Fig. 3. 
All of the arcing horns and flux controls were installed 
on the lower end of the insulator strings only. 

The development of the klydonograph 3 ' offered a 
means of determining the nature of the transients and 
four cf these instruments were in service during 1925. 
At the close of the 1925 lightning season, it was 

2. A. 0. Austin, “Insulation Systems," paper, Second Inter¬ 
national High-Tension Congress, Paris, 1923. 

|v3. J. F. Peters, “The Klydonograph,” Electrical World, 
April 19,1924. 
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decided to make a careful inspection of the two sections 
of the transmission line added to the system during 
1924. There had been no failures directly traceable 
to these sections but it was thought desirable to 
determine the exact conditions. The inspection was 
carried on with considerable care, an especially trained 
crew of men climbing each tower and carefully in¬ 
specting the insulators, conductors and all parts of the 
tower tops, to locate any burns or evidence of insulator 
flashovers. Later, the inspection was extended to 
other parts of the system to obtain the comparative 
data, and also to locate and eliminate any weaknesses 
due to damaged conductors or other equipment. In 
only a very few cases could the damage be detected 
from the ground, nor had it been found by the regular 
patrol service. 



Fig, 4—Types of Towers Showing Dimensions 
and Clearances 


Description of System 

The system as shown on the map, Fig. 1, consisted of 
431 mi. of line operated at 60 cycles in the Eastern pfert 


Of the state and 186 mi. operated at 30 cycles in the 
Western part of the state. All 60-cycle lines are elec¬ 
trically connected through the busses at the station 
except the Jaekson-Battle Creek section, this being 
isolated from the remainder of the 'system by trans¬ 
formers at Battle Creek. The 30-cycle lines are all 
connected. The two systems are interconnected 
through a 15,000-kv-a. frequency changer at Battle 
Creek. Sections shown by solid lines are those that 
were closely inspected and are referred^ to in the data 
in this paper. Those sections shown by broken line 
were put into operation prior to 1916 and were originally 
equipped with the older type cap and pin insulators, 
quite a large number of which have since been replaced. 
The shuffling of the insulators in replacing the defective 
ones made it impossible to obtain satisfactory compara¬ 
tive data on these sections. Capacities of generating 
equipment totaled approximately 225,000 kv-a. feeding 
into the 60-cycle system and 100,000 kv-a. into the 30- 
cycle system in 1926. 

Fig. 4 shows the types of construction conductor 
clearance and separation, height of tower and other 
details of construction. There were no ground wires 
installed op any part of the system at that time, and 
one circuit was in place on the towers in all cases. 
The lines are equipped with Ohio Brass No. 26622 
insulators. 

Results of Inspection and Investigation 

The inspection data cover a total of 305 mi. of line 
scattered throughout the state. The period of opera¬ 
tion of the different sections varies from two to tne 
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'The • eciu^try over which the lines are built is 
flat, the maximum variation in height over any 
fclp- ^ection being less than 200 ft. Therefore, the lines 
Igilv,, ; follow closely the contour of the ground. 

Laboratory measurements by Peek 4 indicate that the 
pte Suvoltage due to lightning storms in the delta-connected 
- system such as this would be slightly less than in 
systems operating with the neutral grounded, all other 
■tg SV. ; factors, of course, being equal, and this is also borne 
out by comparison with the experiences on systems of 
the other type, so it would seem that these data should 
Ik: ■ . be fairly representative of results that might be ob- 

llifl tained in other locations under similar conditions inso- 
far as.the number of flashovers are concerned. 

■Bf iTable I gives some additional construction details 
and a summary of the number of cases found where 




induced voltage, where the wires are placed in a vertical 
plane, should therefore be lowest in the conductor 
nearest the ground and correspondingly high in the 
other conductors. 

The data showing the number and per cent of flash¬ 
overs occurring on the top, middle and lower conductors 
in Table I check quite closely with this law. There are 
some slight discrepancies, as on the Mio-Loud and 
Loud-Emery Junction lines, and in some cases flashovers 
occur on the middle and lower conductors and not on 
the top wire, but in general, agreement is noted. There 
is, however, quite a wide variation in the results in 
this respect between the individual lines. On the 
Edenville-Saginaw and Saginaw-Flint lines, equipped 
with flux controls, the percentages of flashovers on 
the middle and lower conductors are lower than on 




flashovers had occurred, their location on the tower, - other sections of the line. This would tend to indicate 




Blgi i : extent of damage to the line conductor, and other 

JHp^x;. information, A study of this table shows some rather 
interesting conditions. 

Rather wide variations in the results on different 
Ite fS':- - sections will be noted. The Junction-Grand Rapids, 
Mio-Loud and Loud-Emery Junction lines of very 
similar construction and not equipped with arc protec- 
R tion show a variation from 0.17 to 0.65 flashover per 

I py ^r- mile of line per year after 8, 10 and 9 years operation 
respectively. 

■ra^lThe popular reason for this would be the variation 
the severity and frequency of storms in the two 
Bffe-' •• .-localities, It is a fact that the Junction-Grand Rapids 
pfe i.: . line runs north and south directly across the path of a 

jpp^; !. great many storms as they pass inland off Lake Michi- 
■BpT/'" gan, but on the other hand the Mio-Loud line follows 
jgggvJ very' closely the bed of the Au Sable River, nearly east 
and west and lies parallel to the course of a gi*eat many 
ifelfe •• storms which it is said by many have a tendency to 
follow the water courses. Possibly these factors may 
influence the results one way or another, but other 


that the flux control has raised the flashover voltage of 
the string to some extent, but not sufficiently to keep 
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10 110 200 475 590 685 790 910 1035 

60 160 310 525 640 735 845 970 

■TOWER NUMBERS 

6—Number Flashovers Compared to Ground Resis¬ 
tance, Junction-Grand Rapids Line 


the lower cqjnductor entirely free of flashovers. On the 
Edenville-Saginaw line, there was but one case of flash- 
over on the lower conductor over the two-year period. 


conditions peculiar to the different lines may perhaps The sphere-gap effect of the tubular horn used with 
Mm, have a very, decided influence on the operating results the flux control may perhaps have some effect, together 
y-that have been obtained. with the shielding effect of the control insulator. 

V'-O ' , ..... > •_ „ „ A comparison of the Edenville-Saginaw line with 

• 0F ^ 1NB Above Ground Soil Conditions, the Junction-Grand Rapids line shows a wide variation 
■PfjSjfji 1 "- Ground Wire and Other Factors in this respect. The Junction-Grand Rapids line shows 

HppY • Measurements and tests made by Peek 6 , have shown the smallest percentage of flashovers on the top phase, 
jlltfe f : (a), that the voltage gradient between cloud and earth while the Edenville-Saginaw line shows the greatest 

I lpi;;.in the air under a storaif cloud is approximately 100 kv. with a wide variation over the three wires in spite of the 
f|IW : \ per ft. .under severe conditions, and (b) that the voltage higher nominal elevation of the conductors. In looking 
i B &fe induced.in the transmission line will vary with the for other reasonable explanations for this difference, 
|f ? height «f the line above the ground, amounting to 30 the possibility of soil conditions being somewhat 
yto 50 kv. per ft. depending upon the closeness of the responsible is suggested. The curves in Figs. 5 and 6 
to the line and other factors. Also that placing show a comparison of ground resistance measurements 
i'^PWid wire above the line reduces the lightning with the number of flashovers on the Junction-Grand 
IBs|l|i ; 5^i|turbances from 30 per cent to 50 per cent. The Rapids and the Battle-Creek-Jackson lines. 

The ground resistance was measured 1 between the 
tower anchors, (which are of the basket type), and 
ground rods driven into the ground approximately 
24 ft. from the base of the tower. Complete resistance 


Slf§tt<$$i-' "ii ' i'il W. Peek, Jr., Lightning and Other Transients 'on Trans- 
Iff! PPi’mission Idnes, A. I. E. E. Trans., Vol, XLIII, p. 1212. 

F. W. Peek, Jr. f Lightning and Other"Transients on Trans - 
): 7 nissionLincs,A. I. E, EJ. Trans., Vol. XLIII, p. 1212, 
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measurements of all the towers on the line were not 
available but at points approximately every five miles 
along the line, the ground resistance of several towers 
was measured.. An average was calculated from each 
group, and from this data, the ground resistance curve 
was plotted. The broken line shows the number of 
flashovers occurring within one mile in each direction 
from the group of towers whose resistance was mea¬ 
sured, That there is some relation between ground 
resistance and the number of flashovers seems apparent 
in the fact that both increase and decrease correspond¬ 
ingly with one or two exceptions which might be 
because of abnormal local conditions. 

Peek 0 has called attention to the “water level” 
below the surface of the ground as being the effective 
ground level, and has stated that under equal con¬ 
ditions, an induced voltage is higher in dry sections 
because of the fact that the flux extends from cloud to 
water level, the effect being that of increasing the height 
of the line. 

Referring to Pig. 5, it is noted that the ground resist¬ 
ance along the Junction-Grand Rapids line is very high, 



100 145 175 220 260 300 375 

40 85 120 165 20q 240 280 350 

TOWER NUMBERS 

Fia. 6 —Number Flasupvehs Compared to Ground Resis¬ 
tance, Battle Creek-Jackson Line 

■i\ ■ k 

reaching a maximum of 1200 ohms. The soil along this 
line is very dry and sandy and in some small sections, 
it is almost devoid of vegetation. The country along 
this line is slightly more rolling in places than along some 
of the other, lines, but not enough, apparently, to affect 
conditions to any extent. The high-resistance measure¬ 
ments were not confined to the higher points, but were 
found in all locations. The soil on the Edenville- 
Saginaw line represents perhaps the other extreme, 
being low and marshy with a considerable amount of 
heavy clay soil, and the water throughout this district 
is very salty; in fact, there are several chemical manu¬ 
facturing plants obtaining their products from the brine 
pumped from the ground, A sufficient number of 
ground resistance measurements along the Edenville- 
Saginaw line were not available to plot a curve, but 
those taken indicate a resistance of not over four ohms., 
The conditions along the Battle Creelc-Jackson line 
show lower ground resistance than the Junction-Grand. 
Rapids line, varying between 10 and 100 ohms. The 

6. F. W. Peek, Jr., Lightning and Other Transients on Trans¬ 
mission Lines, A. I, E. E. Trans., Vol.XLIII, p.1213. 


* conductors being lower probably helped, but this was 
offset to some extent by the small arcing horns which 
probably increased the number of flashovers. The 
percentage of flashovers on the top conductor on this 
line is smaller than any other except Junction-Grand 
Rapids, and the other lines follow this trend, varying 
in proportion to the ground resistance. The location 
of the Mio-Loud line along the river probably helped 
to keep down the number of flashovers on account of 
the moist soil close under the line, ako the triangular' 
construction lowering the two top wires, undoubtedly 
helped to some extent. • 

With the increased effective height of the lines with 
higher ground resistance, all three of the conductors are 
well within the flasjiover voltage range and the effect 
of the difference in the height of each of the three 
conductors is proportionately smaller. On the Eden¬ 
ville-Saginaw line apparently the closer proximity .of 
the lower wire to the effective ground level makes it 
almost immune to flashovers in spite of the higher 
nominal span. It also lowers the number of flashovers 
on the middle wire, but the height of the top wire raises 
it to within the range of the flashover voltage. The 
shorter strings of insulators on this line undoubtedly 
had some detrimental effect. Results of this kind 
suggest that the lines should be so constructed that all 
three conductors will be a minimum distance from 
ground or in a horizontal plane. . A 

Comparison of the Junction-Grand Rapids and 
Edenville-Saginaw lines is of interest from the stand-, 
point of the type' of construction and possible effect of a 
ground wire. It is probable that if the Edenville- 
Saginaw line had been constructed with the horizontal 
configuration instead of its present form, this line would 
be very free from lightning trouble even without ground 
wires. On the other hand, the Junction-Grand Rapids 
line, with the same construction, would probably 
require one or more ground wires to produce equal 
results, and care would have to be taken that the 
ground wires were provided with a connection to water- 
level or a good ground, 

It has been supposed that flashovers might increase 
with the mileage of line, but the results on the Jackson- 
Battle Creek line, which is separated from the remainder 
of the system, does not bear out this theory and inas¬ 
much as the lightning surges travel but a short dis¬ 
tance, it is reasonable to believe that there would be no 
great difference. * 

Reports of operating results on lines in different 
sections of the country indicate quite a wide~variation 
in results from the standpoint of trouble during light¬ 
ning storms. In some eases, excellent results are 
obtained with but moderately insulated lines, and in 
other places, considerable trouble is experienced on 
much more highly insulated lines. It is apparent, 
however, that at least some of the conditions that cause 
these discrepancies are being cleared up, and before 
constructing lines in the future, the soil conditions and 
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other factors not heretofore taken into consideration 
will be studied before the design is completed and more 
definite information obtained concerning the amount 
of insulation, number of ground wires, and other factors 
necessary to produce a line that will be as free as possi¬ 
ble from these troubles. 

Effectiveness of Arc Protection 
Comparing the lines equipped with the flux controls 
and arcing horns with the others, the rather remarkable 
efficiency of the arc protection in reducing the damage 
to the conductor is noted. A decrease from 66 per cent, 
38 per cent and 24 per cent on the lines not equipped to 
3 per cent and 5 per cent on those equipped with arcing 
horns and 5.3 per cent and fl.5 per cent on those with 
flux controls is shown, the arcing herns being somewhat 
more effective than the flux controls. It will also be 
noted that there have been no failures due to burning 
of the conductor or insulator hardware on any line 
equipped with either type of horn which also empha¬ 
sizes the advisability of providing some form of arc 
protection. 

_ The conditions that were found on the Junction- 
Grand Rapids line with its 66 per cent of burns offer an 
excellent example of what may be expected-of a line 
constructed in a locality of this kind without arc pro¬ 
tection to the conductor or some means of holding down 
the lightning potentials. 

It will be noted that the number of failures of the 
line due to the arc burning off the conductor, or some 
part of the insulator string at the time of the flashover 
is rather small. There have been a total of only three 
m the eight years of operation on the Junction-Grand 
Rapids line and one on the Mio-Loud line. This of 
course, is an excellent service record. However, of the 
345 cases of damage found on the Junction-Grand 

° at many 3 re 80 Prions as to necessi¬ 
tate immediate repairs. Where the damage is not so 

great, there is, of course, some weakening of the con- 

futurTtim^ h r<?ate u thG h , azard of fai,ure ^ some 
future time when abnormal mechanical stresses are 

imposed upon the conductor, such as during severe 

sleet storms and some failures of conductors on this 

line during sleet storms that have occurred in the nS 

ted S' havi "8 b “ l«* partly due to 

- this weakened condition of the wire. y 

Aside from the damage to the conductor the arcs Ho 
not seriously damage the other eauirnn Ju t d 

HB »tS 

S ™ T" liVe ■“ fte topof the 

string, in most cases there it no 

from the ground. The current in f-Ro * mag f, apparent 

system is smaller than if the neutral ° n ^ lso]atGd 

wtoh undoubtedly, 

d T e ^ ee ° ver 

nr cL * » 

cycle. The appearance of the spots 


• tends to bear this out. The small round burns are 
found to be deeper and more severe on the 30-cycle 
than on the 60-cycle system due apparently to the 
greater duration in each location at the lower frequency. 
Using the number of spots found as an indication of the 
length of time the flash over exists it is thought that a 
great many of the flashovers are of very short duration, 
considerably less than one second, others, however, 
hold longer and evidently are the ones that cause the 
more serious damage. 

The data also show that there are quite a number of 
flashovers on towers where the insulators are in the 
strain position. In most cases, however, the breakdown 
occurs between the jumper loop and the tower and it is 
believed in some instances that the loop is not always 
at a maximum distance from the tower due to wind 
conditions or distortion of the conductor due to other 
causes. Consideration in this case is being given to 



Fl °* 7 ~Location op Burns Caused 
by Flashoyehs 


the use of methods of holding the loop away from the 

In Kg dis 5 ance under ah conditions. 

Hi 7 j ?° rt has been made to show the con- 

t0 tbe travel of the arc and the 
cascading of the insulator strings A fxminni ^ » 
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below the top one, but the amount of flashing to the 
tower basket is greater. This is particularly so with the 
flux controls and might indicate an effort on the part 
of the control to perform its duty of keeping the flash- 
over away from the string. On the Junction-Grand 
Rapids line, about 15 per cent of the strings, where 
flashover had occurred, were found with all of the caps 
burned. On the other lines, however, this was of rare 
occurrence. 

Fig. 7 shows again the very marked decrease in the 
‘amount of damage to the line conductor and clamp 
where arcing horns are used. These data are also of 
interest in showing that a very high percentage of the 



p IG . 8 —Cascading of Insulators with and without 
Arc Protection 

flashovers occur over the insulator string and does not 
take place between the conductor and tower indepen¬ 
dent of the insulator string as has been thought. 

The cascading and burning of the caps, except at the 
end of the strings, apparently takes place at the time of 
the initial flashover, as tests that have been made on 
various types of arcing horns show that there is a strong 
tendency for the power arc to blow away from the 
string in almost all cases, regardless of the type of arc 
protection in use. During part of the 1926 lightning 
season, there was a new line betweeiv Argenta and 
Battle Creek on the opposite side of the tower from the 
old one which had not been put in service and had both 
ends grounded. An inspection showed that several 
flashovers had occurred on this dead line and the caps 
show burns similar to those on the live lines. 

The curves in Fig. 8 also show the amount of cas¬ 
cading quite clearly on the lines with and without arc 


protection. The curves show the effectiveness of these 
particular types of are protection in reducing the 
amount of cascading. 

Measurement op Surges 

Four klydonographs were in service on the system 
during the year 1925 and as indicated in Fig. 1, instru¬ 
ments were placed at Cooke, Sliaftsburg and Battle 
Creek on the 60-cycle system and at Grand Rapids on 
the 30-cycle system. These instruments were in ser¬ 
vice for a period of about eight months, which in¬ 
cluded the lightning season. . 

In Table No. II is a summary of the record of the* 
four installations and shows that a total of 567 surges 
of between 1.5 and # 10 times normal voltage to' ground 
were recorded. It* is noted that only the lightning 
surges reach values in excess of five times normal and 
are undoubtedly the cause of the insulator flashover. 
This checks closely with operating records inasmuch 
as flashovers occur during lightning storms and in 
localities where the storms are known to be present. 
With the klydonographs so widely scattered, these 
registrations can only be taken as a partial record of the 
number and magnitude of the surges due to lightning, 
as this type of surge is of steep wave front and is 
quickly attenuated. In one case the klydonograph at 
Grand Rapids registered 10 times normal voltage on 
one phase and nine times on the other two. The 
maximum surge recorded was during a severe lightning 
storm directly over the Cooke station. At this time the 
potentiometer, which was of the ring type, supported 
on post type insulators, flashed over from the top ring 
to the bottom of the insulator column. The klydono¬ 
graph flashed over between all three terminals and to 
ground and produced a very large image across the film. 
It is thought that about 15 times normal voltage would 
be required to flashover the potentiometer so it is 
evident that voltages in excess of this were present in 
the transmission line. 

The insulator strings themselves are perhaps the best 
indicator of the magnitude of the surges. Peek 7 has 
shown that the lightning sparkover of a string of sus¬ 
pension units such as used on these lines is between 


TABLE II * 

NUMBER AND VOLTAGE OF VARIOUS KINDS OF SURGES ON TOTAL SYSTEM AS RECORDED BY KLYDONOGRAPH^ 


Number times normal crest 
voltage to ground 


Switching surges. 


Lightning surges. 


+ 

- + 
+ 
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1.5 


126 

1 

10 

64 

1 


36 

1 

4 

16 

12 


2,6 


8 

3 

13 

1 

1 


10 

1 

6 

1 

8 


3.5 


4.5 


6.5 


0,6 


10 


Total 1 


101 

2 

22 

Ill 

8 

31 


Arcing ground surges. 

. + 


Surges of unknown origin. 


- + 


Total. 


n 

53 

1 

7 


275 


25 

11 

2 


107 


35 

5 

1 


67 


26 

3 


54 


19 


10 


10 


8 | 2 


118 

73 

1 

10 
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1,200,000 to 1,400,000 volts. The results indicate that 
voltages of this magnitude or greater are present on the 
lines and also show the correctness of the use of a 
potential gradient of from 30 to 50 lev. volts per ft. in 
calculating the volthge that may be present in lines 
close to lightning storms. 

The surges due to switching and arcing grounds are 
much less severe Than those caused by lightning and 
insofar as the line insulators are concerned, are not of 
great concern. Undoubtedly the registrations made by 
them are nearer to their true value than is the case 
with lightning surges, as they travel greater distances 
'along the line. 

The records covering the klydonograph installations 
at the different locations did not.vary to any great 
extent although the instrument at Grand Rapids 
recorded a greater number of more severe lightning 
sufges than the other instruments which undoubtedly 
is consistent with the other flashover data, as this 
instrument was connected to one end of the Junction- 
Grand Rapids line where the most severe conditions are 
thought to exist. 

Relay Protection 

The relay scheme in use has not been shown. This 
has been developed along with other parts of the system 
over the period of years covered by this data, but in 
general it consisted of the usual standard relays. 

Fn 1926 a system of ground relays operated by the 
unbalanced residual current in the line when a ground 
occurs was installed on the 60-cycle system and very 
good results have been obtained 8 . 

We have been unable to connect up all of the flash- 
ovm with surges or disturbances on the system, and 
it is thought that in many cases the arc extinguishes 
lbfelf without starting a disturbance that would cause 
surging in voltage or circuit breaker operation. This 
m perhaps another peculiarity of the isolated system. 

Insulating and Arcing Devices 

A f umin K that the lightning sparkover voltage of the 

St ng V T ieS With its it is apparent 

that there is an advantage in increasing the length of 

L SJ >r0Vid , Wl ?“ ent * malntaM 

. M| !” ! h PJU ^ of the structure. Insulators of 
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£ rtiTln fl- he S r0SS across the individual units, 
with a v«?x" 3“ f Stem ’ howevcr > indicate that even 
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thtfif the*** * ^ heretofore, so that it would 
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* standpoint in using the wider spaced unit in obtaining a 
longer string. 

In sections of the country removed from the sea coast 
and where trouble from fog or dust is not experienced, 
the use of wooden pole structures in the place of steel 
towers appears from the insulation standpoint to have 
some merit. Advantage is taken of the insulation of 
the wooden structure which apparently is considerable, 
and in certain locations like in the vicinity of the Eden- 
ville-Saginaw line, wood pole lines with the conductors 
carried in a horizontal plane at the minimum distance 
from the ground might provide a line that would be 
very free from lightning trouble, without the use of 
ground wires. 

The choice of an arcing attachment for the insulator 
string is somewhat of a problem. Various kinds of 
horns and rings are offered. Some are said to be more 
efficient than others in not only protecting the conductor 
and insulators from the arc, but bettering conditions 
around the insulator string so that the flashover is not 
so apt to occur. Experience on this system has been 
confined to the types of horns shown in Pigs. 2 and 3 
and has demonstrated the high efficiency of the small 
arcing horn as protection to the conductor, but which, 
like all plain horns, undoubtedly lowers the flashover 
of the string. Systems where more severe arc con¬ 
ditions exist might not obtain as good protection and 
would have to consider their own local conditions. 
There does not appear to be any marked difference in 
protective value between the various kinds of plain 
horns. The power arc has a strong tendency to blow 
out away from the insulators in most cases, but devices 
that will prevent the cascading of the string at the time 
of the initial flashover might be of considerable value. 

4 Remedial Measures 

Ground wires are being installed on all tower lines now 
under construction on this system and are either being 
installed or contemplated for at least part of the older 
sections of the system, 

, °, n the Saginaw 'Flint line, which has been completed 

ioUT IT™’ a gr0Und Wire wil1 be in P ]ace during the 
1927 lightning season, and it is planned to secure data 

showing the effectiveness of this ground wire in reducing 
flashovers. There is a second line between these two 

? n J h ® ma P with a separation from two to 
eight miles which has also been carefully inspected to 
determine its present condition in regard to flashovers 
A number of surge recorders of the klydonograph type 

Hnl^nd iUs hL fr U Uent f interValS al ° ng both of th ^ e 
lines and it is hoped to get a good comparison between 

the two lines with and without ground wire. 

Groimd resistance measurements are being made over 

a number of other lines with the idea of determirihS 
more definitely the effect of soil conditions^he 
location of the effective ground level and to determine 
the necessary protective equipment for future and also 
some of U* present l ta . It * plann e d tHSS- 
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protection of some type on all of the lines whether, or 
not ground wires are installed, as it is evident there will 
still be a number of flash overs in spite of the equipment 
installed to reduce the disturbance caused by 
lightning. 

Consideration is also being given in some locations to 
use of the wooden pole “H"-frame construction as a 
means of increasing the insulation of the line and placing 
the conductors in a horizontal plane as close as possible 
to the ground. It would seem that this type of con¬ 
struction would give the maximum protection insofar 
as the lightning storms were concerned, provided 
some method is worked out to prevent the shattering 
of the poles and crossarms and the possible burning of 
the poles or crossarms in some localities due to leakage 
over the insulators. 

Conductor clearance and separations have been 
increased on all new lines, and provisions made for the 
installation of longer insulator strings, if this seems 
desirable after the effectiveness of the ground wire has 
been determined. 

On the strain type construction some means of 
holding the loop or jumper will be installed so that there 
will he no possibility of its coming close enough to the 
tower to cause flash overs. 

Conclusions 

1. Transmission lines in sections where lightning 


storms are prevalent are subjected to extremely high 
voltages, which will cause quite frequent flashovers of 
the insulators unless constructed in such a manner, or 
protected so as to hold down this voltage. 

2. The severity of the conditions ‘affecting the line 
varies considerably in different sections due to local 
surroundings and perhaps the severity of storms. 

3. Unless equipped with some type of arc protection, 

damage is very apt to result to the line conductors, 
which, if it does not cause failure at th% time, weakens 
the wire and creates the hazard, of failure at some future 
time. • 

4. Cascading of the arc over the insulator strings will 
take place to some extent in nearly all flash overs unless the 
string is provided witl^suitable preventative equipment. 

5. Surges due to switching or grounds in so far as the 

line insulators are concerned do not appear to be of 
serious consequence. ' , 

6. Careful inspection of lines is warranted on account 
of the defects found that are not appearent from the 
ground, particularly on a system operating with isolated 
neutral. 

7. It seems desirable that a thorough study, including 
conditions affecting the height of line, as well as the 
frequency *and severity of storms, be made before a 
line is constructed to determine the necessary protective 
features. 
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Synopsis.—Up to a few years ago , the generally accepted 
limitations for the amount of current which could he collected from 
an overhead distribution- system were from 300 to 800 amperes 
in heavy interurban service and between 800 and 1000 amperes, 
with a maximum of 1500 in Ike case of the Chicago, Milwaukee & 
St, Paid, 

It is not possible to determine the limits of current collection by 
theoretical calculations nor by the experience on any particular 
installation . The tests described and analyzed in this paper were 
demonstrated on a four-mile track using special overhead construc¬ 


tion of the twin trolley type with observation lowers at several points 
to enable observers to carefully inspect commutation between the 
collector and the trolley ivirc. ‘ 

Tests were also made to determine the temperature rise which 
would be obtained as a result of delivering, for a period of five 
minutes r a current of 5200 amperes to a standing locomolivL 
Further tests were made to determine what damage would result , 
if any, should a pantograph leave the wire while delivering currents 
as high as 4000 or 5000 amperes . Test data arc included* and 
description of the several types of overhead construction used . 


Introduction 

T HE problem of transferring current from overhead 
contact wires to moving cars and locomotives is 
one which cannot be solved by mathematics or 
laboratory tests. Neither can conclusions as to the 
limits of current collection be reached by experience on 
any particular installation. / ; 

There has been considerable discussion as to the 

1, Both of the General Electric Co., Schenectady, N. Y, 
Presented at the Summer Convention of the A* L E. E., Detroit , 
Mich,, June 20-24, Complete copies upon request . 


amount of current that can be successfully collected 
from an overhead contact system. Except for standard 
railways, operating experience has been confined to the 
heavier types of interurban service, with current values 
of from 300 to 800 amperes, and heavy traction work 
such as the Chicago, Milwaukee & St. Paul Railway, 
where normal current collected with single pantograph 
varies between 800 and 1000 amperes, with a maximum 
of about 1500, 

Those who have made a study of the subject know 
that there is a large number of factors to be taken into 
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account and that each of these factors is subject to 
considerable variation due to design, maintenance 
methods, or both; also that certain factors are essential 
for successful current collection on any given 
installation. 

In view of the nature of the problem, as mentioned 
above, and the general interest in probable future 
requirements, a series of tests was conducted with the 
object of securing information as to the maximum 
amount of current that could be successfully collected 
from overhead contact wires with the conditions which 
are .described later. These tests were made at Erie, 
Pennsylvania, on a section of track owned by the East 
Erie Commercial Railroad, and used by the General 
Electric Company for testing locomotives and cars. 
Following reconstruction of overhead contact system 
and completion of test runs, demonstrations of heavy 
.current collection were given to engineers and railroad 
’men on July 16, 17 and 18, and other dates, 1923. 

These tests were planned and conducted in conjunc¬ 
tion with the New York Central Railroad and the 
Cleveland Union Terminals Company. 

It is thought that the importance of this subject, in 
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Fia. 2 ™Test Traii* Consisting of Locomotive No. 18, 
Gondola 

With loading rimost-ats and observation car 

connection with railway electrification work, justifies 
the compilation of a record covering the details of 
preliminary tests and investigations and the results as 

finally demonstrated. 

* 

Nature op Tests 

Due to the fact that the capacity of the substation 
Supplying power was limited to 6000 kw., tests were 
made at 850 and 1500 volts, using the lower voltage for 
the higher currents. Comparative collection tests 
were made at 850 and 1500 volts under identical con¬ 
ditions which clearly indicated that the voltage of 
contact line makes no difference in the collection of 
current so long as the voltage is more than adequate to 
maintain any arc that might occur between contact 
wire and pantograph. . 

Tests were also made to approximate conditions 
existing under prolonged acceleration periods, and to 


determine the temperature rise in various members of 
the contact system and in the collector. 

With each change in contact wire arrangement and 
suspension, tests were started with low current values 
and at low speed and gradually worked up to maximum 
allowable values. A number of duplicate runs was 
made at maximum values to check the final results. 

Testjng Equipment 

A. Power Supply. Current was obtained from the 
substation used to supply power to the test track. 
Power was supplied to the overhead line through a 
1,000,000-cir. mil feeder shown in Fig. 15. 

B. Test Train. A special test train was assembled 
consisting of a 110-ton gearless locomotive capable of 
operating at speeds up to 70 mi. per hr. with either 
600 or 1600 volts. This locomotive was coupled to a 
special gondola car followed by a standard passenger 
car used as an observation car equipped with ammeter, 
speedometer and telephone, Fig. 2. These cars were 
furnished by the New York Central Railroad. As 
the weight of this train was not sufficient to give the 
current desired, a sufficient number of iron grid rheo¬ 
stats with contactors and switches arranged to give the 
additional current required for the tests was assembled 
in the gondola car. By means of this equipment, 
it was possible to obtain any load up to 6000 amperes 
at 850 volts and 4500 amperes at 1500 volts. It was 
also possible to obtain load at 3000 volts although only 
a few runs were made at this voltage. The two panto¬ 
graphs were installed 57 ft. apart which was considered 
representative spacing for a two-unit locomotive. 

C. . Track. The track used for general testing is 
4.15 mi. in length and is laid,with 100-lb. rail in slag 
ballast. 

Of thisttfal length, about two miles were used for high 
speed running, while testing and demonstrating. The 
remainder was used for acceleration and retardation. 

. D. Observation Towers. It was decided to make the 
unusual provision of observation towers in addition 
to the observation car referred to elsewhere. 

There were five towers with platforms capable of 
accommodating from 12 to 15 people, located at a 
height placing the eyes of the average observer slightly 
higher than contact wires and collector shoes, and pro¬ 
viding an unobstructed view of all the parts entering 
into current collection, when approaching, passing 
and leaving. Towers were located as close to track as 
permitted by clearance requirements. 

An added feature in this connection was that studies 
were made at night when the slightest spark between 
wire and shoe could be detected from these points of 
vantage. 

E. Overhead Contact System. 

1. General Design of Contact System. On account of 
the heavy current values contemplated, it was thought 
advisable to shorten and simplify the taps between 
feeder and contact wires as much as possible, and to 
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reconstruct with compound catenary, suspending the 
feeder from the messenger and the contact wires from 
this feeder messenger. With the length of span 
adopted, 300 ft., y%- in. high-strength steel cable was' 
selected for the messenger. 

The feeder messenger was suspended from the mes¬ 
senger by means of hangers made of No, 2 A. W.- G.' 






f ■ V 1 ■ \ ,/y.; \ f^|S| 



Fig. 5 —Loop-Hanger Suspension With 2-4/0 Contact 

Wires 

solid, hard-drawn copper, with bronze-. clamps for 
attachment to messenger and feeder messenger. 

2. Contact Wire Arrangements and Suspension, The 
first installation included several arrangements of 
contact wires and methods of suspension as described 
below and referred to on Fig. 1. The table on this 
drawing gives the final arrangement. 

a. Between points 1 and 2, 3600 ft. Two 4/0 wires, 
loop-hanger, suspension, (A), Fig. 4. Also Fig, 5. 


b. Between points 2 and 3, 600 ft. Two 4/0 wires, 
laced suspension, (A) and (B), Fig. 6. Also Fig. 7. 

c. Between points 3 and 4,1200 ft. Two 6/0 wires, 
loop-hanger suspension, (B), Fig. 4. 

d. Between points 4 and 6, 1200 ft. Three 4/0 
wires, loop-hanger suspension, (C), Fig. 4. Also Fig. 8, 

e. Between points 6 and 6, clamp suspension, 600 ft.. 
Fig. 10. 

f. Between points 6 and 7, 2400 ft. Two 4/0 wires, 
loop-hanger suspension, (A), Fig. 4. Also Fig. 5. 

Short sections of two additional types of contact 
wire suspension were installed during preliminary tests. 

g. Cable-hanger suspension, reproduction of photo¬ 
graph, Fig. 11. 

h. Twin laced suspension with which the two con¬ 
tact wires were suspended by independent lacings from' 
symmetrical yokes attached to the feeder messenger, 
locating them about 3}4 in. apart and in the same hori¬ 
zontal plane. 

3. Feed Taps. Loop-hanger suspension, (a) and (f), 
required feed tap connections, Fig. 12, which wei’e in¬ 
stalled at the center of each span, or 300 ft. apart. 
The feed tap cable was of 4/0 copper with 19 wires. 

4. Reasons for Several Contact Wire Arrangements. 
The selection of two' contact wires in the same hori¬ 
zontal plane was due to previous experiments and 
actual experience on the Chicago, Milwaukee & St. 
Paul Railway and other lines, where current collected 
was of considerable value. The main virtue of this 
arrangement, in addition to the increased contact 
surface, is that with alternate or staggered suspension 
of the two wires, the collector shoe is always in contact 
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Fia. 6—L/iCED Suspension 


with?, two wires, , and one wire is always without any 
additional weight due to hangers or other fittings. 

The installation of two 6/0 wires was made to get 
information as to the handling and performance of this 
size wire as a contact member: First, on account of its 
having been proposed by several foreign engineers; 
second, to try outthismethod of increasing cross-section 
should the two 4/0 wires show undesirable temperature 



Fig. 7— Laced Suspension (Outside Raid fok Testing Wide 
• Gauge Locomotives) 

rise; third, to study the effect of the additional weight in 
contact wires. 

The installation of three 4/0 wires was made in line 
with possible need for more cross-section and more 
contact and to get experience in connection with their 
use, including the additional weight. 

Methods of Making Tests and Basis fok 
Conclusions 

With the several types of contact wire arrangement 
and suspension in place, for fyiy given set of test runs, 


the remaining fixed factor was line voltage, Those 
subject to change were speed, amount of current col¬ 
lected, number of pantographs, and pantograph 
pressure. 

Observation tower construction and location per¬ 
mitted direct comparison between the performance of 
the several types of overhead construction with a 
certain line voltage and any desired combination of the 
variables. 

Independent arrd simultaneous observations were 
made by four or five individuals from the same tower, 

4 



Fia. 8— Loop-Hanger Suspension With 2-4/0 Contact 

Wires 

and such observations made from several towers for each 
principal condition, so as to cover different types of 
construction and track alinement. 

It was decided that collection would be deemed 
satisfactory if, at night, it appeared sparkless to an 
observer looking down on top of the collector shoes. 
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Results of Experiments with Contact Wire 
Suspension 

General. The original layout contemplated the 
general use of loop-hanger suspension (a), (c), (d), and 

(f) , and the short section of clamp suspension (e). 
During the early stages of the test runs, short sections 

of laced suspension (b) and cable-hanger suspension 

(g) were installed and compared, with loop-hanger and 
clamp suspension, with the results given below. 

1. Loop Hangers (a) and- (/). This type of suspen¬ 
sion was selected for the larger portion of the work on 



Fig. 10—Clamp Suspension- 


account of flexibility and because it was being success¬ 
fully used when currents of considerable magnitude were 
encountered, in regular service, though smaller in value 
than the heavy currents contemplated in this case. 



Fig. 11—Cable-Hanger Suspension 


With the general construction used for these tests, 
loop hangers, with feed taps spread 300 ft, apart, 
provided the necessary conductivity between feeder 
messenger and contact wires for current values not in 
excess of 2500 amperes. 

The Chicago, Milwaukee & St. Paul Railway, using 
simple catenary construction with loop hangers, steel 
messenger, and two 4/0 A. W. G. copper contact wires 
in the same horizontal plane, during ah operating period 
of 11 years and a total of 660 route mi. has had about 
three interruptions on account of messenger being 
burned at loop hangers. 


These cases were all due to defective feed tap clamps 
at contact wire shunting the current through the steel 
messenger. General replacement of these clamps was 
made with an improved design and na further trouble of 
this kind has been experienced. Other roads equipped 
with the improved clamp have not experienced this 
trouble. 

2. Laced Suspension ( b ). This method of suspension 
offered flexibility in line with that of loop hangers and 
the added feature of very frequent taps to feeder 
messenger and cross taps between contact wires. The 
first trial was made with two feeder hanger spacings, 
30 ft. and 15 ft., with a minimum distance of six inch 
between top of contact wires and under side of feeder 
messenger. A few teht runs indicated that the section 
with shorter hanger spacing gave better collection. 
Comparison with other types of suspension tested 
brought about the conclusion that the laced suspension 
provided the best conductivity between feeder and con¬ 
tact wires for the collection of the amount of current 



Fia. 12 —Feed Tap With Loop-Hanger Suspension 


contemplated, and it was therefore adopted for further 
test runs and demonstrations, 

8. Clamp Suspension (e). This design possessed the 
following features: Direct connection between contact 
wires and feeder messenger, the use of clamps instead 
of more expensive hangers or clamps and lacing, and the 
possibility of operating contact wires at’comparatively 
low tension. After a few test runs, this design «was 
dismissed from further consideration for the purpose in 
hand. With two contact wires, the lift was such that 
pantograph shoes struck feeder messenger clamps 
While an increased number of wires would tend to 
reduce the lift, the complication accompanying addi¬ 
tional wires and the fact that one shoe would, with any 
number of wires, make contact with one wire only 
throughout a great part of the line, did not encourage 
further investigation at that time. 

|. Cable Hanger Suspension (g). About 150 ft. of 
line was equipped with these hangers, spaced 15 ft. 
apart or 30 ft. on each contact wire. For test purposes, 
hangers were made of 1/0 B&S flexible copper strand, 
and the contact wire clamps used with laced suspension.' 
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wire wrapping. 

This suspension approached laced construction in 
general principle and provided a manufactured unit, 
permitting attachment of clamps to strand by welding 
or other means supposedly preferable to clamped con¬ 
nection, This suspension showed no improvement over 
the simpler laced construction and the design was there¬ 
fore eliminated, - 

5. Twin Lated Suspension ( h ). The trial of this 
suspension, incidental to collection trouble with laced 
suspension on a one-deg. curve, was made during the 
early stages of the tests. The design was never given 
serious consideration on account of inherent faults, 
including expense of two lacings and the special yokes for 
attachment to feeder messenger, which would be ex- 
pensiveand difficult to maintain in any desired plane. 

* Results of Experiments with Contact Wire 
Arrangements 

Shortly before the completion of test runs and the 


mounted on tower car, as it is strung. As stated above, 

' there seems to be no reason for adopting this special and 
undesirable size of wire. •••...■ • 

While no particular trouble was encountered in con¬ 
nection with the three 4/0 contact wires, there was no 
indication of the additional wire being required, and its 
use would certainly complicate the contact system and 
introduce the undesirable requirement of maintaining 
approximately even tension in three wires instead of 
two, in order to get the best results. 

The following data apply to contact system finally 
used for tests and demonstrations: 


Wt. Un. ft. 
pounds 


Messenger. H. S. Steel % in. 

Feeder Messenger,....... Copper 1,000,000 cli\ mils 

Feeder Messenger. Copper 760,000 * n 

Lacing.. Copper 106,000 " " 

Contact wire 1..... Copper 211,000 " " 

Contact wire 2. Copper 211,600 u H 


MESSENGCR 


•—- *5*0- _ 

FEEDER HAULER SPAONG 




FEfDER MESSENGER 


--W 

FEEDER MESSENGER 
CLAMP SPACING 


FEEDER MESSENGER CLAMP 


*-A? 6- --J CONTACT W/RE CLEARANCE (m/N. DISTANCE 

CONTACT WIPE | FROM UNOER S/OE OP FEE OPR MESSENGER 

CLAMP SSHCJMG TO TOP OF CONTACT W/PE.) 

single contact wire: 


FEEDER HANGER 


CONTACT WiPE CLAMP 


CONTACT W/PC 







contact wine clamp spacing 

1 <W EACH W/PE 


CONTACT WIRE CLEARANCE fa/M OJSTANCE 
I FROM UNDER S/OE OF FEEDER MESSENGER 


to rar or CONTACT WIRE J 


DOUBLE CONTACT W/RES 


mote 

clamp Aon w/pe A 
CLAMP & on WIRE '3' 


CONTACT WIRES 


A *8 


. Fig. 13— Catenary Construction Laced Suspension for Contact Wires (Final Recommendations) 




demonstration of current collection, it was decided that 
two 4/0 contact wires in the same horizontal plane with 
|| proper suspension and tension prqvided the necessary 
|| dri>ss-se2tion, contact surface, and weight for current 
If collection covered by the tests. 


limited to a very small quantity, the condition of the 
wire as installed was never satisfactory owing to long 
^HH^resuniably due to winding on reel. While 
lifll he avoided by using a reel with proper 

I . drum ; diameter, the general impression was that wire 
t¥ s size should be passed through a wire straightener 
fey• 


After completion of tests, it wai decided that the 
arrangement with laced suspension for single and double 
contact wires should be as shown on Fig. 13. 

Contact System on Curves 

All curve work in the original installation was fitted 
with loop-hanger suspension for contact wires, and both 
feeder apd contact wire hangers were inclined as shown 
in Fig. 14. This-illustration also shows feeder connec¬ 
tion at substation, consisting of one 1,000,000-eir, mil 
cable, which supplied current to line for all tests includ¬ 
ing heat runs. 
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Current collection on this curve construction, as 
experimentally installed in combination with other 
factors affecting current collection, was not satisfactory 
on account of arcing. Laced suspension with inclined 
messenger gave the same results. No further studies 
were made with inclined hangers but contact system 
was trimmed in chords with pull-offs located 150 ft. 
apart, as shown in Fig. 15. 

The final combination of laced and chord construction 
gave practically sparkless current collection. 

Contact Wire Tension 

As originally installed, contact wires had a tension 
• of 1000 lb, at 70 deg. fahr. Before tests were com¬ 
pleted, this tension was considerably below that value 
due to seasonal increase in temperature and many 
changes made in line construction. When curve work 



Pig. 14 —Loop-Hanger Suspension on Curve 
S howing Inclined messenger construction • 

was^finally adjusted late in June, tension was increased 
to fronf 1300 lb. to 1400 lb. at 70 deg. fahr. and with 
improved collection throughout. 

Collectors 

The collector used throughout for test runs and 
demonstrations was the S-501-A slider trolley with 
certain modifications mentioned later, (Fig, 16). 

The collector consists of two flexibly mounted con¬ 
tact shoes on top of a jointed diamond or pantograph 
frame, the diamond or pantograph frame being con¬ 
structed of Shelby tubing with malleable iron joint 
castings so hinged together that it can readily expand or 
contract to suit variations in height of contact wires. 

The small irregularities in the overhead are taken 
care of by the flexibility of the contact shoes. Each shoe 
is independently hinged on two spring supported cams 
which allow it to rise and lowertwoinchesindependentof 
the main or diamond frame. The contact shoes are com¬ 
posed of sheet steel pans with sheet steel horns attached 
to each end for picking up the siding wires. The 
wearing strips are of hard drawn copper, 3/16 in. 


thick and 1-3/16 in. wide, having one edge bent over 
slightly to prevent fouling, leaving approximately 
% in. of width, fiat surface. The space between the 
renewable, wearing strips is filled with a lubricant for 
preventing a rapid deterioration of both strips and 
contact wire, 

The.standard collector has a rated continuous capac- 



Fig. 15—Laced-Type Suspension on Curve 
Showing chord construction and feeder connection 




Fig. 16—S-501-A Pantograph Used for Current Col¬ 
lection Tests 

As mounted on wooden structure in the Gondola carrying tlio grkl^ 

ity of 1000 amperes, or 2000 amperes for two minand 
is suitable for speeds up to 60 mi. per hr. # 

In order to bring the capacity up to the heavy current 
requirements, the collectors were fitted with additional 
shunts around each bearing and a flat copp&r strip 
along one side of both top and bottom frame arms. The 
additional weight imposed by this copper necessitated 
increasing capacity of balancing springs. 

As far as principle of design goes, a standard collector 
was used and the only special precaution taken was to 
surface the wearing strips on an emery-covered face 
plate after assembly, which should be done in regular. 

practise regardless of current values. 

* 
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Collector Pressure 

During testing period, collector pressures valuing 
between 19 and 43 lb. were used. Reference to list 
of test runs shows that the pressure finally used for the 
collector and contact system dealt with was about 40 
lb. This pressure was necessary on account of the 
increased moving weight due to copper shunts and 
strips. 

Current Collection Tests 
The followinjflist gives data on a group of representa¬ 
tive test runs with both 850 and 1500 volts, using the 
type’of contact system finally adopted. More than 
360 test runs were made and records kept in connection 
with all runs. 

• 

TESTS AT 860 AND 1600 VOLTS 


Test 

no, 

Amps. 

Speed 

mi.porlir. 

Volts 

No. of 
collectors 
used 

Pressure 

lbs. 

Date 

125 

5000 

50 

850 

1 

32.6 


0—15—23 

150 

5000 

50 

850 

1 

ao 


6—19—23 

W ioo 

6000 

50 

850 

2 

35 

33 

0-23-23 

101 

6000 

50 

850 

2 

35 

33 

0-23—23 

162 

6000 

50 

850 

2 

36 

33 

0-23-23 

164 

5100 

50 

850 

2 

36 

33 

0—23—23 

172 

5200 

54 

850 

2- 

35 

37* 

6-24—23 

173 

5200 

54 

850 

2 

36 

37 

0-24-23 

:H';. 224 

6100 

66 

850 

i 

37.5 


6-28-23 

K\ 225 

6000 

00 

850 

i 

37.6 


6—28—23 

227 

6100 

00 

850 

i 

37,5 


0-23-23 

232 

5200 

50 

S50 

2 

39 

40.6 

7—10—23 

240 

5000 

50 

860 

1 

40.5 


7-11—23 

244 

6000 

55 

850 

1 * 

40.5 


7-12-23 

249 

5300 

57 

850 

! 

40.5 


7-13-23 

250 

6400 

50 

850 

2 

40.5 

42 

7-13-23 

254 

6300 

57 

850 

1 

39.5 


. 7-13-23 

255 

6300 

53 

850 

1 

39.5 


7-13-23 

SI 256 

6800 

53 

850 

2 

39.5 

42 

7-13-23 

l- 257 

5800 

55 

850 

2 

39.5 42 

7-13-23 

278 

6500 

58 

850 

2 

34.5 


7-16-23 

280 

6400 

58 

850 

1 

34,5 


7-10-23 

ft- 96 

4300 

32 

1500 

2 

32.5 

34.5 

0- 4-23 

?• no 

4000 

52 

1500 

2 

32.5 34.5 

0—16—23 

191 

4200 

48 

1600 

2 

30 

40.6 

6-26-23 

192 

4000 

48 

1500 

2 

30 

40.5 

! G—26—23 

198 

4500 

40 

1500 

1 

30 


0-26—23 

200 

3000 

60 

1500 

i 

39 


6—26—23 

i- 259 

4500 

40 

1500 

i 

39.5 


7-14-23 

201 

4150 

48 

1500 

l 

39.5 


7-14-23 

. 23i 

4500 

■ 50 

1500 

l 

39,5 


7-17-23 

fe 282 

4600 

62 

1500 

l 

39.5 


7-17-23 


Temperature Tests 

Temperature tests were made to determine beating 
of the contact wire, feeder, messenger, pantograph 
shoe, etc., in order to definitely establish that it is 
possible to conduct heavy currents to a locomotive. 
These tests were made on the laced overhead trolley 
construction as shown in Fig. 7. The feeder in this 
section is a 1,000,000-cir. mil copper conductor acting 
as a messenger. 

TestNo.l: This testwasmade with both pantographs 
raised and current maintained at approximately 5200 
amperes for five minutes. Nine readings were taken at 
one-min. intervals, thefirstfivebeing taken while current 
was flowing and the last four after the circuit was 
interrupted. A maximum temperature rise of 67 deg. 


cent, was obtained on the contact wire near panto¬ 
graph 2, lacing 23. 

Test No. 2: This test was made with one pantograph 
located near lacing 23 with approximately 5200 amperes 
for five minutes. Ten readings were taken, five while 
current was flowing and five after interruption of the 
circuit. A maximum temperature rise of 101 deg. 
cent, was obtained on the contact wire near the 
pantograph. . 

TEST NO. 1 

5200 Amperes for Approximately Five Mlnute 3 , Two Pantographs. 

Maximum Temperature Rise, Dog. Gent. 


Thermometer 

location 

|at Pantograph 

D1 

stance From Pantograph No. 1 

No. 1 

No. 2 

127.5 ft. 

150 ft. 

105 ft. 

21714 ft. 

15 ft.* 

Feeder. 

4 

28 

27.2 

30 

27,5 

27 

1,0 

Lacing. 

12 

33 

13.5 

13.5 

14.5 

13 


Contact wire.,, 

35' 

67 

31,0 

28.4 

29.0 

21 

4.2 

Shoos. 

10 

17 





•< 


Temperature of air, 25 deg, cent. 


TEST NO. 2 

5200 Amperes for Approximately Five Minutes, One Pantograph. 
Maximum Temperature Rise, Deg. Cent, 


Thermometer 

location 

jat Pantograph 

| Distance from Pant 

ograph No, 1 

No. 1 

No. 2 

127.5 ft. 

153 ft. ! 

195 ft. 

217 >4 ftJ 

15 ft.* 

Feodor. 

29 

40.5 

31 

30 

28.5 

28.0 

115 

Lacing. 

55 

18.0 

16,0 

15.0 

16.0 

14 


Contact wire... 
Shoes. 

101 

53 

30.0 

28 

29,2 

30.5 

23.5 

27 


Temperature of air, 25 dog, cent. 

♦Thermometer location on opposite side from source of power, 

» 

These tests do not reproduce exact operating con¬ 
ditions after a train has started but might apply while 
locomotive is standing still, attempting to start a train. 
The temperatures obtained are so low and the current 
and time used in the tests so high that they clearly 
indicate that no trouble would be experienced due to 
overheating of the distributing, contact, or collecting 
equipment. 

Burn-Off Tests 

These tests were made to determine the amount of 
burning which would be obtained if a pantograph should 
start to drop while carrying heavy currents and for some 
reason was checked and held in position a few inches 
from the contact wire. These tests were made with the 
locomotive standing still. While different amounts of 
currents were passing through the contact wire and 
pantograph, the pantograph was released, stopped and 
held. Potential of 1500 volts was held on the contact 
wire throughout the tests. Twenty tests of this kind 
were made with current reaching a maximum of 4400 
amperes, the maximum drop of the pantograph being 
17 in. and the minimum one inch. In no case was the 
contact” wire or, pantograph seriously damaged. A 
pantograph was also dropped without checking with 
5000 amperes at 850 volts, without serious damage. 

Several tests were made interrupting 4000 amperes x 
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1600 volts with locomotive control arranged so that if 
the pantograph should begin to drop due to low air 
pressure, a pressure relay on the locomotive would open 
the main breaker and interrupt the circuit. With this 
system of control, there was no sparking at pantographs. 

Conclusions 

Contact System Design. Contact systems in actual 
use for heavy traction vary in principle of design 
between direct suspension with considerable weight 
concentrated at points of contact wire support, and 
catenary suspension with practically no change in 
contact wire weight and freedom of vertical movement 
throughout. There is a corresponding variation in 
current transfer capacity. 

It is desirable to provide a contact member of uniform 
flexibility, and, so far as possible, of uniform weight 
throughout. The necessity for flexibility and uniform¬ 
ity in weight increases as current values increase. 

It is important to avoid the use of fittings which ob¬ 
struct in any way the contact between contact wire and 
pantograph shoes. 

Contact Wire Lubrication. Experience gained by 
these tests and on lines equipped with the same or 
similar type of pantograph shows that a very thin 
film of lubricant should be maintained on under side 
of contact wire and that there is no difficulty in this 
connection provided pantograph shoes are properly 
lubricated. 

It is interesting to note that contact resistance 
between wire and shoe is decreased when lubricant is 
used. This is probably due to elimination of chattering 
and actual glazing of contact wire and wearing strips of 
pantograph shoes. 

Contact Wire Tension .. Contact wire tension should 
be maintained at the highest value consistent with 
temperature conditions and other limiting features. 

Current Collector Design. The efficiency of this device 
is affected by the following details: 

Weight of moving parts and friction in bearings 
and joints which may interfere with its response to 
any change in contact wire height, 

Design of contact shoe, including number and 
assembly of wearing strips, lubrication and facilities 
for lubrication, 

When two shoes are used, the degree of independence 
of movement and spring control, 

The rigidity of pantograph frame in connection with 
side sway, 

It is to be noted that a collector of standard design, 
with slight modifications to increase current carrying 
capacity, was used throughout these tests. 

Shoe Pressure. The word “pressure” is intended to 
mean the pressure exerted at standard contact wire 
height with pantograph in motion or with 'friction 
practically eliminated. This value can be obtained by 
tying the pantograph with the shoe at standard contact 
wire height and reading pressure with spring balance 


wjiile pantograph is shaken, thus approximating the 
condition while collecting. 

It is desirable to emphasize the importance of pressure 
in connection with current collection, and, when more 
than one collector is used, the equalization of pressure. 

Shoe pressure must be adapted to the overhead con¬ 
tact system design and should be maintained at the 
minimum value found practicable in each case. 

Number of Collectors Used and their Spacing. These ’ 
items determine the total upward pressure on contact 
wires and distribution of pressure, anct certain com¬ 
binations may disqualify a contact system suitable for 
use with a single collector or other combinations. , 

The number of collectors used must be determined 
by their design, current to be collected, and * their 
minimum spacing, by* overhead contact system design 
outside of locomotive design and other considerations. 
It is desirable to make this distance a maximum. 

Speed. The speed at which a collector is moved* 
introduces the effects of wind pressure on pantograph, 
frame and certain parts, such as shoe horns, the inertia, 
of pantograph frame and shoes, and side whipping: 
with bad track surface. It also places limits on grades 
in contact wire and changes in weight and flexibility 
of contact wire. 

Effect of Voltage on Current Collection. Test runs 
were made with 750, 850 and 1500 volts. With all 
other conditions the same, no difference could be 
detected in quality of current collection with the three 
voltages mentioned. 

General. Conservative evaluation of these tests - 
and experience gained from operated lines indicate that 
2000 amperes or more can be successfully collected, at 
any speed up to 60 or 70 mi. per hour, with one panto¬ 
graph, and 4000 amperes with two pantographs. 

These tests also demonstrate that it is practicable to 
design and construct an overhead contact and distribu¬ 
tion system capable of delivering more than the amount 
of current required for train propulsion with line 
potentials used to date for trunk line electrification. 

The type of suspension connecting messenger or 
feeder messenger and contact wire or wires and its 
conductivity must be governed, by the maximum 
current to be collected. 

These tests and experience lead to the following 
approximate ratings for the types of construction given: 

a. Steel messenger, two 4/0 copper contact wires, 
loop hangers, feed taps spaced 1000 ft., as used oh 
Chicago, Milwaukee & St. Paul Railway: 

Normal current, 1000 amperes with a maximum of 
1500. 

b. Compound catenary with auxiliary feeder, mes¬ 
senger, loop hangers and feed taps spaced 300 ft. 

Normal current 2000 amperes with a maximum 
of 2700. 

c. For higher current value, the frequencies of feeder 
taps must be increased in proportion to the current, 
demand. 


* 
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Electric Circuits 

BY H. B. DWIGHT 1 

• Follow, A. I. E. E, 


Synopsis.—A formula is derived for the mechanical force in 
a circle of round wire, due to its own current. A formula, 

'F ~ / s logk , is also derived for the longitudinal force exerted 

ou a round conductor, due io its own current, wheve it changes its 


diameter. Where there is a constriction in a liquid conductor, 
this force acts in both directions away from the constriction, thus 
lending to accentuate it. It may be that this has more to do with 
the rupturing of a liquid ^conductor by heavy current, than the 
better known forces acting in a radial direction, which have been 
usually referred to under the name “pinch effect 


T HE measurement by a laboratory method of 
mechanical force in circular and rectangular 
circuits, described in a companion paper by 
Mr. J. W. Roper 2 , lends interest to formulas for calcu¬ 
lating such forces. In this paper, formulas are pre¬ 
sented for the force acting in a circular circuit and also 
for the axial force acting in a straight cylindrical 
conductor where the size of the cross-section changes. 

Force in a Wire Circle 
The fdree tending to stretch the wire in a circular 
circuit is calculated by the well-known method using 
the differential • of the self-inductance of the circuit. 
The mutual inductance of two coaxial circular filaments 
is given with a great deal of precision by formulas 
involving elliptic integrals or by convergent series. 
Rayleigh and Niven have integrated the expression for 
this quantity over a circular cross-section, giving the 
self-inductance of a circle of round wire. Their formula 
is a 


L = 4 7 r a 


Jjogh 


8 a 


7^ 

4 


can be equated to L where dlvis the change in the 

self-inductance of the circle due to its change in size. 

This rather well-known expression can be derived as 
follows: 

^ s 

The rate of doing mechanical work is F -r~~ . Since 

o t 

the current I is kept constant and the inductance L 
is varying, a voltage is generated in the circle equal to 

bL 

■ Ht and the current 1 flowing against this voltage 

supplies energy at the rate 1 2 ^ ~. This energy goes 

to supply the mechanical work and also to increase the 
stored energy of the magnetic field. The stored energy 

1 

isjLP for inductance 4 equal to L. The rate of 

change of tffe stored energy when I is constant and L 
. . 1 bL 

yp*- ' • • ■ varies is -y P -yy. 

where q is the radius of the circle and p is the radius of 
|the wire. The expression logh denotes the hyperbolic Therefore, 
or natural logarithm. 

■ When current flows in a circle of wire, one half tends 
to repel the other half, and a tendency to stretch the 
wire is exerted at every part of the length of the wire. Then 
Let this force be F dynes and let s be the perimeter of 

the circle. If the current is turned on, and the force F p 5 s 

stretches the wire a distance ds, the mechanical work 
; <|Qi!e is Fbs, since F acts in the direction of s. This anc i 

% t. Professor of Eleotrical Machinery, Massachusetts Institute 
:%;of Technology. 

'•^ J./ W, Rgper, Experimental Measurement of Mechanical 

'Forces in Electric Circuits , Jl. A . L E. E, Sent, 1927 . v 918 _* , , , 

Equation 63, Seientifio Paper No. 169 of the Bureau of tw 1]a i innf dyM8 SmC6 absolute units are used 
iSt^bdards, 1911 > and Rayleigh’s collected papers, Vol, II, p. 15 r ugnout . 

— 


i,; + (~s logh ^ ) • • • ] abhenrys (1) 


r .bL ds 1 'dL 

bt b t + 2 ** b t 


PbL 


V, 1 _ h JL/ 
F = P —- 
2 b s 


( 2 ) 


1233 


6 




■ . ■ ■ ■;; ■■ ■' ■. ■ ■' 


» 4 










Nov. 1927 


DWIGHT: CALCULATION OF MECHANICAL FORCES 


1239 


The dimension s is the circumference of the circle 
and is equal to 2 t a. 

Therefore • 


F = 


dL 


4 7r da 


P 


(3) 


The differentiation of Rayleigh and Niven's formula 
(1) is quite straightforward and the following formula 
for force is obtained: . 


F 

~jr = lo e h 


8 a 


S_ 

4 


(l lo 2 hi f -&)■■■ 


dynes (4) 

where I is the current in abamperes. 

Example 1. The force in a wire of radius p = 0.1245 
cm. bent into a circle of a = 20.1 cm. radius and 
carrying 100 amperes is 

io*|>gh 8X201 


0.1245 


0.75 


0.1245 2 

20.1 2 


(jlogll 


8 X 20.1 
0.1245 


f 2 )l 


= 641 dynes. (See the calculated curve of Fig. 2 of 
Mr. Roper's paper). 

Longitudinal Force 

The following short formula gives the amount of 
the longitudinal force; that is, the force acting in the 
direction of the axis, which is exerted on a round con¬ 
ductor where it changes its diameter: 


F = P logh 


di 

a 2 


dynes (5) 


where «i and a 2 are the larger and smaller radii, respec¬ 
tively, and where I is the current in abamperes. 

The force acts parallel to the axis and toward the 
larger section of conductor, irrespective of the direction 
of flow of current. The expression involves only the 
maximum and minimum radii and, as referred to later, 
the amount of the force is independent of the shape of 
the conductor while it is changing section, so long as it 
is round and centered on a straight axis. 

Formula (5) is useful in calculating the force on a 
system- of round wires in air where there are wires of 
more than one diameter. It is also of interest in con¬ 
nection with some kinds of electric furnaces where a 
trough of molten metal carries a heavy electric current. 
If there is a constriction in the section of the metal, 
this force produces a flow of metal away from the 
constriction and so accentuates the constriction. Such 
an action has been observed. 

As is well known, electromagnetic forces also act 
on all elements of a liquid conductor at right angles to 
the direction of current flow; that is, in general, .toward 
the axis. This produces greater hydrostatic pressure at 
the axis than in the outer parts, and, of course, hydro¬ 
static pressure acts equally in all directions. 

The hydrostatic pressure in a uniform round con¬ 


ductor, which acts in a radial direction, has been 
referred to for a number of years under the name, 
"pinch effect.” It has been described as the cause of 
the phenomenon observed in electric furnaces,‘that at a 
certain heavy current a constriction Would occur in the 
liquid conductor, and that this constriction would grow 
until the circuit was broken. 

It is possible that the axial force described and calcu¬ 
lated in this paper, which tends to separate the two 
tapered parts where a constriction oceurs in a liquid 
conductor, is more directly connected with rupturing 
the conductor at the point of constriction than the 
radial "pinch effect” force. 

The axial force is stronger in the outer parts of the 
tapered conductor than in the inner parts. In the case 
of a liquid conductor, unequal forces acting on different 
parts produce a flow of the liquid, sometimes in short 
return'paths, like local eddies. The amount of this'flow 

*■ m 



Fig. 1—Conductor with Change in Suction 

depends on the strength of .the electric current and the 
shape and viscosity of the liquid conductor. 

Equation (5) is derived by the method of finding 
the product of the strength of a current and the mag¬ 
netic field in which it lies, to give the force on the con¬ 
ductor carrying the current. 

Assume that the current density is uniform overbuy 
cross-section of the wire shown in Fig. 1. Slight de¬ 
partures from this assumption take place where the 
stream lines do not have abrupt changes in direction,, 
but follow smooth curves. Skin effect also is not 
considered. The current density at distance y where 
the radius is a: is • 

. I 
% 7 r x 2 

The total current inside radius z is 

2 s 


7 viz 2 = J ■ 


x 2 


The flux density at radius z is 
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Iz 2 


27 zi 2 


eh 2 


The dotted line at radius z is always at the propor- 


z i 


tionate distance-along the radius of the wire, and 




it is almost exactly a line of current flow. A short 

• d y 

element of it has a length 


cos a 


where 


tan a — 


Zi 

l 


z_ 

y 


( 6 ) 


A force acts on the short element of the filament 
carrying current at right angles to its length and 
proportionate to the current in the filament and the 
magnetic field in which it lies. This force is 


2 7 aq® dy 


dynes per abampere. of current in 


z ai 1 cos ct 

the filament. . 

Multiply by sin a. to get the component of force 
parallel to the axis: 

2 1 Zi* 




tan a d y = 27 


gi z 
eti 5 


dy 


V 


from (6) 


Integrate this from y = m to y — l. The total force 
parallel to the axis acting on the filament is 


Zi 2 

2 I-^logh 
the filament. 


I 


m 


and the total current in them is 


2 7r Zi d Zi = 


7 T a i 2 


2 7 


Zidzi 


21 






( l0 * h ^) 


27 

Zl d Zl 


Integrate this from 2i = 0 to Zx = a t . 
The total force parallel to the axis is 


7® logh • 


l 


m 


= 7 2 logh-which is equation (5). 

Ct>2 

If the wire tapers from a radius aq to a radius a„„ the 
axial force due to that part will be 

ax 


P logh 

If the wire then tapers at a different rate from radius 
a m to radius a«, the force due to that part will be 


7® logh ■ 

and the total force will be 


7® logh- 


a 2 


ax 




This is the same as if the wire had tapered uniformly 
from radius a, to o 2 , as in Pig. 1. The change in radius 
can therefore he made by means of a large number of 
tapers of different angles, and the total axial force will 
depend only on the initial and final radii according to 
eq. (5). 

In the above calculation, the value of the flux density 
at a radius z is dependent on the total current 7i within 
the circle of radius z. Since the wire is assumed to be 
straight and very long, and the return conductor so 
remote as to be negligible, the magnetic field lies in 
circles around the axis. The magnetomotive force 
around the circle of radius z is 4 tt I,. The length 
of the magnetic path is 2 tt z and the flux density at 


radius z is 


2 lx 


This formula, which is applicable 


dynes per abampere of current in 

(7) 

If the filament be considered to have a thickness 
d Zx at the radius Zi then the total area of all filaments 
at radius Zi is 

2 7r Zx d Zx 


The force parallel to the axis acting on the above cur¬ 
rent is, by (7), 


to isolated long, straight, rouncl wires, is seen to be true 
also when there are changes in section, provided the 
wire is symmetrical around a straight axis. 

In calculating the magnetic field due to a short length 
of round wire carrying a current, it is often assumed that 
the field is the same as if all the current were flowing 
in a small filament at the axis of the round wire. While 
this is very nearly true, it is exactly true only in the 
case of an infinitely long wire, and this fact is sometimes 
of importance in calculations of inductance and of 
electromagnetic force. The expression for the field at 
a given point due to a short length of round wire in¬ 
volves elliptic integrals or series equivalent to them. 

A case where the current cannot be assumed to be 
concentrated in a filament at the axis of a conductor is 
in finding the force on a conductor bent into a quadrant 
of a circle, for such an assumption makes the calculated 
force infinitely great. An expression for the force on a 
quadrant conductor due to its own current must involve 
the dimensions of the cross-section of the conductor. 

The writer desires to make acknowledgment of the 
assistance of Mr. S. P. Sawyer in preparing numerical 
examples, etc., in connection with the work of this 
paper. 
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Electrical Machinery 

Annual Report of the Committee on Electrical Machinery* 


To the Board of Directors : 

This committee has carried on its work during the 
past year according to the general plan of organization 
which has been in force for the past three years, The 
membership of the committee has been materially in¬ 
creased over the number of last year in an endeavor to 
be prepared to handle the increasing amount of work 
naturally resulting from the rapid growth in quantity, 
size, variety and quality of electrical machinery. Expe¬ 
rience has shown that the work of a committee can be 
effectively carried on only when the members are able 
to get together and carry on a discussion across a table, 
following, perhaps, a preliminary exchange of views by 
letter. For this reason, the membership of the commit¬ 
tee has been restricted to those living within a day’s 
journey of New York or in the territory east of the Miss¬ 
issippi River. This territory embraces practically all of 
the manufacturers of electrical machinery, a large num¬ 
ber of universities and large users of machinery for 
power generation and distribution. It is not intended, 
however, to exclude any members who are in a position 
to, or willing to, assist in any way whatsoever. In this 
connection, your attention is directed to the general call 
for volunteers which appeared on page 1 of the Journal 
of January, 1927, over the name of the chairman of this 
committee. 

The committee has held two general meetings, one in 
October and one in February at the time of the Winter 
Convention. In addition to these, the various subcom¬ 
mittees have held meetings in connection with the work 
that has been assigned tuthem. In general, the subcom¬ 
mittees have reported progress of their work and pre¬ 
sented opportunities for general discussion at the meet¬ 
ings of the whole committee. 

The organization of this committee comprises sub¬ 
committees on (1) Standards, (2) Papers, (3) Research 
and (4) Education. It is probably not necessary to re¬ 
view here the functions of these subcommittees, Mr. E. 
C. Stone is chairman of the Standard Subcommittee, 
Prof. V. Karapetoff is chairman of the Research Sub¬ 
committee, Prof. C. A. Adams is chairman of the Edu- 

♦Committee on Electrical Machinery: 

H. M. Hobart, Oil airman 
J. 0, Parker, Vico-Chairman 
E, B, Paxton, Sccrotary 

O, A. Adams, G. H, Garcolon, O. K, Marti, 

P. If. Algor, O. M. Gilt, V. M. Montsinger, 

B. F. Bailoy, Harold Goodwin, O, A. Mndgc, 

B. L. Barns, J, L, Hamilton, F. D, Newbury, 

B. A. Bohrend, W. E. Hasoltino, L. O. Nichols, 

0.0. Borgstrom, B, A. Hontz, N. L. Pollard, 

A. 0. Bunker, 0, F. Hirslifold, O. H. Sanderson, 

James Burke, B; G, Jamieson, B. F. Schiichardfc, 

W. M. Dann, J. A. Johnson, A. Still, 

L. L. Eldon, V. Karapetoff, E, O. Stono, 

G. Facctoli, A. H. Kohoe, B. H. Tapscofct, 
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W, J, Foster, A, M. MacOutchoon, H, L. Zabrisldo, 

Presented at the Summer Convention of the A , L E . E. f 
Detroit, MichJune 20-24,1927. 


cation Subcommittee, while Mr. H. M. Hobart with the 
whole committee has acted as clearing house for receiv¬ 
ing suggestions, obtaining and reviewing papers dealing 
with electrical machinery. 

During the year, 15 papers have been presented under 
the auspices of this committee at the general meetings of 
the Institute. Turning to the developments in research 
as affecting the design of electrical machinery, probably 
the most important theoretical contributions have been 
in connection with the subject of the synchronizing 
power and stability characteristics of synchronous ma¬ 
chines and the determination of the flux distribution in 
magnetic fields. In the field of design and manufacture, 
advances have been made in capacities of turbo genera¬ 
tors, transformers, waterwheel-driven generators and 
synchronous condensers, there have been improvements 
in construction looking toward reductions of losses, the 
knowledge of the cooling and ventilation of machinery 
has been increased and definite steps have been taken to 
raise the operating characteristics of a-c. fractional 
horsepower motors to a higher level. In standardiza¬ 
tion, this committee has taken up a larger volume of 
work than ever before in the revision of existing A. I. 
E. E. Standards and the preparation of new Standards 
to keep pace with the continual development of im¬ 
provements and new types of machinery and the neces¬ 
sity of changes arising from a better knowledge and 
understanding of the art. All of these additions to our 
knowledge and the improvements in design are chapters 
in the great story of the engineer’s untiring efforts for 
the betterment of our social and economic status. 

The following review has been prepared with the as¬ 
sistance and collaboration of the members of the com¬ 
mittee and an attempt has been made to include the 
more important articles that have appeared in domestic 
and foreign journals in the several bibliographies. Un¬ 
doubtedly; articles of real merit have been overlooked 
and the committee will welcome having such omissions 
brought to their attention. 

Research 

Undoubtedly the most important phase of this Com¬ 
mittee’s work is that which has to deal with the ad¬ 
vancement of the art of design and manufacture of elec¬ 
trical machinery, through research. Without research, 
progress would be very slow. It is with a considerable 
degree of satisfaction that important contributions have 
been made during the year, both theoretical and experi¬ 
mental. 

Effect of Altitude on the Dielectric Strength' of Insula¬ 
tions, The committee has carried out some experiments 
to determine the relative puncture strengths of standard 
insulation at different atmospheric pressures. The re¬ 
sults of these tests indicate that the reduction in the 
value of the voltage causing puenture with decreased 
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atmospheric pressure is so small that no change in the 
A.I.E.E. Standards is considered desirable so far as 
insulated windings are concerned. When air is depended 
upon for insulation, however, a correction should be 
made for that paft of the insulation which consists of 
air in series with solid insulation. 

Surge Tests of Insulation. Work that has already been 
done indicates that the breakdown strength of solid in¬ 
sulation depends upon the kind and mode of test voltage 
and it does not^seem feasible to specify for general use 
a test that will truly duplicate service conditions. A 
conventional test of the simplest kind will be just as 
satisfactory, provided the magnitude of the voltage is 
sufficiently high to provide a reasonable margin for the 
most unfavorable transient voltage liable to occur under 
actual service conditions. For example, if high-fre¬ 
quency oscillations are liable to take place and experi¬ 
mental data should show an ultimate strength of only 
50 per cent as compared with 60-cycle voltage, then the 
magnitude of a 60-cycle test must be at least twice that 
of the maximum high-frequency oscillation to which the 
machine may be occasionally subjected in operation. In 
large machines designed to meet definite service condi- 
tions where the most unfavorable overvoltages are rea¬ 
sonably well known, the factor of safety may be chosen 
accordingly, but competitive considerations will largely 
govern the choice of insulation and its test for machines 
made in quantities for the general market. 

It is recommended that designers study such data as 
are now available on this subject and that experimental 
assembled machines be tested by the different kinds of 
voltages for the purpose of obtaining data upon which 
may be based ratios for use in design and in specifica¬ 
tions and guarantees. 

Hot Spots in Cores of Turbo Alternators, Tests made 
by three manufacturers of typical American machines 
show that the temperature at the bottom of the slots at 
ends of the core is less than that between coil sides at 
the middle of the core and it is concluded that no change 
is needed in the present A. I, E. E. Standards as regards 
the location of temperature detectors. 

Evaluation of Conventional Losses. Some work is being 
done to determine the feasibility of determining the 
stray load losses of alternators, synchronous motors and 
condensers by a more convenient means than those de¬ 
scribed in the Standai'ds. 

Calorimetric Method of Determining Losses in Alterna¬ 
tors. Apparently this method requires such close super¬ 
vision of detail and conditions that it may be considered 
more of a laboratory method than one which can be used 
for general commercial purposes. It is recognized, how¬ 
ever, that this method has inherent possibilities for ex¬ 
perimental work and is worthy of continued investiga¬ 
tion. A paper giving results of extensive tests has been 
presented to the Institute during the year. 

Stability : of Alternators. A paper, Stability Character¬ 
istics of Alternators, has been presented by Mr. 0. E. 
Shirley which showed the relation between stability and 


the short-circuit ratio and the subject has been referred 
to the Standards Subcommittee for the consideration of 
the establishment of a standard. 

Some years ago it was the practise to design synchro¬ 
nous machinery with good inherent voltage regulation. 
With the advent of the vibrating voltage regulator, this 
practise changed since it was more economical to design 
machines with lower inherent voltage regulation and to 
depend on the voltage regulator to maintain voltage. 
This principle formed the basis of machine design until, 
in recent years, the work done on system stability indi¬ 
cated that for machines which were to be used on those 
systems where stability is an important consideration, a 
reversion to the former practise of designing for good 
inherent voltage regulation was desirable. 

Recently, in the engineering of certain large power 
projects and extensions to existing systems, it has been 
decided to employ machines having lower leakage react¬ 
ance and higher short-circuit ratio than machines of nor¬ 
mal design for the same rating would have. The purpose 
of this is to increase the stability of the system upon 
which they are to be used and, in particular, to reduce 
the probability of system disturbances causing loss of 
synchronism of the terminal apparatus with consequent 
interruption to service. 

For system stability it is desirable that reactance be 
kept low, whether it be that of transmission lines, trans¬ 
formers or generators. It is not feasible to reduce the 
reactance of the transmission lines appreciably except 
by building additional lines in parallel. Transformer 
reactance is a relatively minor part of the total and can 
be reduced below the normal values only at considerable 
cost. On this account, attention must be focused on the 
generators where it is economical to increase the cost to 
reduce the reactance below normal since such a reduc¬ 
tion increases the capacity of the relatively much more 
expensive lines to carry load with less probability of ser¬ 
vice interruption due to system disturbances. 

Another important consideration in maintaining syn¬ 
chronism is that of sustaining voltage throughout the 
system during a disturbance. This may be partially 
accomplished by the use of machines having high short- 
circuit ratio. Higher values than those corresponding to 
normal design have been decided upon for certain pro¬ 
jects for the purpose of increasing system stability. Be¬ 
yond a certain degree, it is more economical to employ 
quick response excitation systems which serve to accom¬ 
plish the same object as increasing the short-circuit 
ratio, namely, that of sustaining the voltage during a 
disturbance. 

Within the past year, the construction of machines 
embodying these special features for improving system 
stability has been undertaken for certain high head de¬ 
velopments in California where the length of the trans¬ 
mission lines and the amounts of power involved are 
such as to cause the stability to be an important prob¬ 
lem. Machines of special characteristics are also under 
construction for certain low head hydroelectric devel- 
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opments in the East and the South where the reactance 
of the slow-speed machines is of necessity relatively high 
and where the amounts of power to be transmitted are 
very large. 

Relation between Dielectric Tests on New and Used 
Machines. This subject has been referred to the Stand¬ 
ards Subcommittee and it is intended that a paper 
should be prepared for the purpose of setting forth the 
principal considerations and a suggested standard. 

Characteristics of Synchronous Machines. Supple¬ 
menting a study of the characteristics of synchronous 
machines by an extension of Blondel’s theory of two 
reactions as mentioned in the report of last year, the 
second part of the series of papers by Doherty and 
Nickle should also have been mentioned, which treated 
the steady-state, power-angle characteristics. A further 
study has now been presented by these authors on the 
torque-angle characteristics under transient conditions 
and a further study of torque characteristics under 
short-circuit and transient conditions has been prom¬ 
ised. Another contribution to this subject has been 
made by Mr. H. V. Putman in a paper presented to the 
Institute. Results of experimental studies of the trans¬ 
verse armature reaction in synchronous machines have 
been presented in a paper to the Institute by Prof. J. 
F. H. Douglas to show that the effect of transverse re¬ 
action can be most accurately estimated by the use of a 
m. m. f. diagram. 

Stray Load Losses. Sources of stray losses and means 
of their reduction and elimination present a field of 
study which is of considerable importance in the never- 
ending endeavor to improve the efficiency of electrical 
machines. Papers have been presented to the Institute 
dealing with several phases of this subject. An analysis 
of the m. m. f. waves of polyphase windings of the frac¬ 
tional slot or irregular types shows the possibility of the 
existence of sub-synchronous harmonics having wave¬ 
lengths greater than two-pole pitches which may induce 
currents in the damper windings of synchronous ma¬ 
chines. Connection arrangements of this type of wind¬ 
ings have been investigated for the purpose of prevent¬ 
ing these losses. The existence of eddy current losses in 
the copper of armature winding's has been a fertile field 
of investigation both as to. a means of determining their 
magnitude and their reduction. Recent studies have re¬ 
sulted in simple conductor transpositions and arrange¬ 
ments that have been effective in almost entirely elimi¬ 
nating these losses. Investigations made by the calori¬ 
metric method in connection with several turbo genera¬ 
tors gave results that appear to confirm the correctness 
of assuming the stray load losses being equal to the 
additional losses under sustained short-circuit condi¬ 
tions. 

One of the colleges has undertaken q series of'experi¬ 
ments on methods of determining load losses of syn¬ 
chronous machines which, it is said, gives promise of 
adding materially to the knowledge of this subject. It 


i§ hoped that the results, of. th§se. experiments will be 
presented to the Institute during the coming.'year. ' > 

. Synchronous Converters. A treatment of the theory of 
the converter has been presented that is based on the 
method of “harmonic analysis” by which any regularly 
repeating function may be represented, and presenting 
a conception of the internal voltages, currents, heating 
and armature reactions as related to the physical struc¬ 
ture of the simple converter and as related to the passage 
of time which may be called space and time relations. 

Synchronous Motors. A theory for the calculation of 
the complete starting performance of synchronous'mo- , 
tors has been presented which utilizes a system of nega¬ 
tively rotating vectors to take care of .the unbalance in 
the damper winding which is not continuous. 

Reactances for Direct Current. A direct method of de¬ 
sign for the predetermination of the correct air-gap in 
reactances and transformers which are to be used with 
direct current has been offered. This subject is of par¬ 
ticular importance in building rectifier filters for radio 
telephone work. 

Magnetic Fields. The distribution of magnetic flux is 
a very important factor in the design of electrical appa¬ 
ratus and there is need of methods for determining the 
magnetic fields with a reasonable degree of accuracy. 

A rather complete treatment of this subject has been 
presented to the Institute in a group of papers covering 
the graphical method from the standpoint of the theo¬ 
retical considerations, comparison between calculations 
and tests and the practical application to a particular 
type of machine. 

Dielectric Tests on Windings of Large Alternators. The 
attention of the Subcommittee on Research has been 
called to the question of whether or not there should he 
a difference in the value of voltage applied in making - 
dielectric tests on one phase to other phases connected 
to ground and from all phases connected together to 
ground. Information on this subject is desired. 

Effect of Damper Windings in Alternators upon Single- 
Phase Short Circuits. It is customary in Europe to add 
dampers to the field structures of alternators to enable 
them to more effectively carry unbalanced loads and 
reduce peak voltages when single-phase short circuits 
occur. This subject is included in a research report by 
the Department of Electrical Engineering of the M. I. T. 
of June 1926, and information is desired as to whether 
it is advisable to follow this practise in America. * 

Evaluation of Conventional Losses. A discussion of the 
paragraph under this heading in this committee'^ report 
of last year has suggested that suitable commercial test 
methods of determining the internal voltage drop of an 
alternator winding which is due to leakage reactance 
should be devised so that the real core loss under load 
conditions could be taken into account in figuring the 
efficiency instead of using the no-load value of core loss 
which may be considerably lower. If such tests could 
be made, the value of the conventional efficiency would 
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more nearly approach the real efficiency. The value of 
this drop in field ampere-turns might be taken from the 
test short-circuit impedance curve if the armature reac¬ 
tion in ampere-turns were known, This latter term can 
be quite accurately calculated from the armature wind¬ 
ing data but the test codes of the A. I. E. E. Standards 
are based upon the principle that the characteristics 
must be determined from only those quantities which 
can be directly measured by test. Some reasonably ac¬ 
curate method ftf measuring the leakage reactance would 
be a valuable addition to the present standards. 

Alternator Short Circuits . The work done previously 
on this subject has been to determine the amount of cur¬ 
rent that will flow for various conditions of short circuit. 
The torque produced during a short circuit is also of 
importance and an instrument has been developed 
which will give a record of the instantaneous values of 
torque during a short circuit or similar transient condi¬ 
tion. It is also possible with this instrument to investi¬ 
gate the synchronizing power of a machine and tests are 
being made at the present time to study this synchro¬ 
nizing power as well as the short-circuit torque of a 
number of machines. 

Within the past few years, the methods of.calculating 
phase-to-ground and phase-to-phase short-circuit values 
as well as the currents flowing for any abnormally un¬ 
balanced operating condition have been greatly simpli¬ 
fied by the use of the system of symmetrical coordinates 
developed by Mr. C. L. Forteseue. In order to apply this 
method of symmetrical coordinates, it is necessary to 
have a knowledge of the impedance of the rotating 
machines to zero and negative phase sequence voltages. 
A great deal of experimental work has been done to 
determine the proper method of determining these im¬ 
pedances. A series of rather simple shop tests has been 
devised to obtain the desired information and during 
the past year a number of machines has been tested to 
find the values of their impedance to zero and negative 
phase sequence voltages. 
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Standards 

The following report has been made by Mr. E. C. 
Stone, Chairman of the Subcommittee on Standards. 

General. Following the policy laid down by the Chair¬ 
man of the Committee on Electrical Machinery, the 
Committee on Standards has kept in close touch with 
developments in the manufacturing and operating fields, 
and has attempted to sense the needs, as they have 
arisen, for modification or further development of the 
present standards and for the setting up of new stand¬ 
ards. 

By consistently following the policy of having sub¬ 
committees continuously at work on the revision and 
further development of standards for electrical machin¬ 
ery, it is hoped that the Institute standards in this field 
may be kept fully abreast of the times and adequate to 
meet the changing conditions under which electrical 
machinery is called upon to operate. 

The various subcommittees have been actively at 
work during the past year, have initiated a number of 
proposals for modification of old and creation of new 
standards and have carefully worked up a number of 
definite recommendations which has been formally pro¬ 
posed to the Standards Committee of the Institute. 

The preparation of standards covering two types of 
apparatus, mercury arc rectifiers and constant current 
transformers, not covered by present standards, has 
been started and definite recommendations may be ex¬ 
pected within another year. • 

A number of changes in, and additions to, present 
standards on synchronous machines and on transform¬ 
ers, A. I. E. E. Standards Nos. 7 and 13, has been rec¬ 
ommended. Additions of importance include the fol¬ 
lowing: 

Method for the calculation of natural frequency for 
synchronous motors driving reciprocating machinery. 

Definitions for short-circuit ratio, per cent synchro¬ 
nous impedance and per cent transient reactance. 

Definition for and method of rating grounding trans¬ 
formers. 

Ability of transformers and reactors to withstand 
short-circuit current. 

Method of measuring losses in transformers. 

The operation of electrical machinery on a total tem¬ 
perature basis rather than on a temperature rise basis 
was actively discussed by the committee. The increas¬ 
ing demand under economic pressure* for operation of 
electrical machinery in such manner as to get out of it 
the greatest possible capacity under all conditions, and 
of taking advantage of the greater capacity inherently 


present when a machine is operated in a temperature 
below that for which it was designed, was recognized, 
and it was agreed that the committee should give active 
attention to the subject. In this wqrk the committee 
was instructed to cooperate with Working Committee 
No. 38 of the Standards Committee, Mr. Hobart, Chair¬ 
man, whose function is “to revise the general principles 
upon which the rating of electrical machinery is based, 
with a view of presenting at a later date a document 
that will explain the connection and distinction between 
test specifications for rating and operation under service 
conditions, the purpose being to place before the various 
working committees a working basis on which service 
may be established for each line of apparatus.” . 

The subject of standards for dielectric tests immedi¬ 
ately after putting in service and periodically while in 
operation, was taken up actively. The investigations 
have shown that the problems involved are not well 
understood and that there is a wide variation both in 
opinion and practise with respect to them. Accordingly, 
Messrs, Gilt and Barns have promised to prepare a 
paper on the general subject of dielectric tests on equip¬ 
ment after installation, in which the principles, prob¬ 
lems and practises will be crystalized and an attempt 
made to develop a definite method of arriving at a satis¬ 
factory solution to meet the various conditions that are 
encountered. 

In the field of fractional horsepower motors, little 
could be done because of the unsettled status of the 
negotiations now under way between the N. E. M. A., 
A. E. I. C. and N. E, L. A. with regard to the perform¬ 
ance characteristics of this class of motor. 

There is a growing tendency among power companies 
to place restrictions on the permissible efficiency power 
factor, and starting current of fractional horsepower 
motors. These characteristics are particularly impor¬ 
tant in the %- h. p. motors used for domestic refrigera¬ 
ting and oil burning equipments, which at present have 
very poor characteristics in these respects. One com¬ 
pany has already put out a rule requiring that all such 
motors connected to its lines must have an apparent 
efficiency not less than 42 per cent and a starting current 
of not more than 15 amperes at 115 volts. 

The negotiations referred to above have been care¬ 
fully followed by the subcommittee. It appears that 
definite progress has been made towards reaching an 
agreement at which the performance of fractional horse¬ 
power motors will he substantially improved, with a 
result that the over-all cost to the operator on stich mo¬ 
tors, giving consideration both to the cost of the motor 
and of the power to operate it, will be reduced. 

The following is a brief resume of the activities of the 
various subcommittees. 

Standards for Alternators, Synchronous Motors, and 
Synchronous Machines in General. W. J. Foster, Chair¬ 
man. Revisions of the following paragraphs have been 
suggested: 
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pi Paragraph 
/Number 

/ > , 7-66 ; Definition of Open Machine. 

7-67 Definition of Protected Machine. 

7-457 (b) Ventilating Blower Losses. 

-7-457- (c) -Other. Auxiliary.Apparatus Losses. 

7-466 Determination of Losses (to include 7-472), 
. 7-467 (b) Friction and Windage Losses of Engine 

Type Alternators (to include Synchronous 
Motors). 

7-470 Stray Load Losses. 

• InsuIation Resistance—Minimum Values. 

Additions to this pamphlet have been recommended 
to co^er the following: 

..Method of Calculation of Natural Frequency of Svn- 
ehronous Motors Driving Reciprocating Machinery. 
Definition, Short-Circuit Ratio. 

Definition, Per Cent Synchronous Impedance, 
p Definition, Per Cent Transient Reactance. 

Standards for Transformers, Induction Regulators and 
Reactors G Faceioli, Chairman. The following new 
paragraphs have been recommended: 

13-161 Grounding Transformers—Definition and 

pppp. Rating,. 

V- 13-254 Grounding Transformers—Momentary Load 
/// Limitations. 

ommendecP ° f ^ f ° llowing para S ra Phs have been rec- 

13 ' 250 j bort-Circuit Current of Transformers- 
Momentary Load Limitations, 
lo -252 Current Limiting Reactors-Momentary 
Load Limitations. 

•mt 30 . 6 .. M fasurement of Losses in Transformers. 

duHnt H° 0Wm , g SUbj ’ ects are suggested for attention 
during the next year: 

: Guaranteed Secondary Voltage of Step-Up Trans¬ 
formers under No-Load Conditions. 

' Shut-Down^ Air ‘ B3aSt "transformer Windings after 

■ ;pSt > %Se S 0f Wm ™' 8 gainst Impulse 

Operation of Transformers by Temperature. 
standards for Synchronous Converters. C. H Sander 

Ss^forT"' Thef ^U-r study of the following Z- \ 
mended: r6V1SI011 ° f Standards No - 8 recoin- , 

, Normal Rating. j 

Measurement of Cooling Air. j 

//• Quantity of Air Required for Cooling f 

, : P;^hprt!Circuit Protection. \ 

r C equ 2 1 t i of(dTt 
January 1927 \ 

« y ScSL aS 15-15,6 defll,ile **“*.*? * 

ero ta iR a c S / 0r Gurrent ^Mating Transform- 1 

r ‘ “■ C> Louis ' Chairman. This subcommittee was a 
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oiganized at the time of the Winter Convention and it 
is expected to develop definite standards for constant 
current regulating transformers. 

Standards for Fractional Horsepower Motors E C 
Stone, Chairman. On account of the unsettled status of 
fractional horsepower motors due to the negotiations 
now under way between the N. E. M, A., A. E. I. C 
and the N. E. L. A., it has been impossible to formulate 
any definite recommendations on this subject. 

It is recommended that this subcommittee be contin¬ 
ued next year and that the A. I. E. E. Standard No. 10 
covering this subject be reviewed and such revisions 
recommended as may be necessary to fit in with the 
revised practise set lip. 
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Ventilation 

• Tll€ * ventilation of machinery is a very important con¬ 
sideration not only in regard to the cooling of the ma- 
chine itself and the supply of an adequate amount of 
t clean, cool air but also as a means of deadening noises 
1 laberentm the operation of large and high speed ma- 
chines. In the endeavor to realize every possible econ¬ 
omy for obtaining high efficiencies, attention is being 
paid to relatively small features of construction to ob- 
ain small resistances to the passage of cooling air, and 
much attention has been paid to forms of fans. The 
importance of paying attention to small details in im¬ 
proving efficiencies of turbo alternators has led to inves¬ 
tigations in the laboratory by the use of a model in 
which.changes m fingers, slot wedges and dimensions of 

Toot Can ^ 1 eadl 7 rnade an d the effects determined. 
Tests are also being made to study the flow of air 
through rotors. 

tJt h !i reP i rt of this committee for last year mentioned 

wl , 0S6 t J 6 ? latl0n systems had been adopted for 
ydroeleetrfc plants. The question may well be asked 

m f consK, f atlon wou ld make it advisable or 
suable to use a closed system in a water power plant. 

DublSf - 1 t 1 J Strat,0nS ? water power plants which are 
p Wished in the current literature show locations remote 

fiom sources of smoke and dust which are not associated 

our minds with broad expanses of water and wilder- 

tion'of T iere T ° ften . coriditions surrounding the loca¬ 
tion of power houses that make it advisable to provide 

closed system. Hydroelectric plants located on rivers 

sbimiSl ° f manUf f CtU1 ' ing plants where much coal 
Is the h ir ^ T need ° f this type of ventilation 
fficahtv^TVip genera !' ors in , s team plants in the same 
locality There are also conditions in some remote loca¬ 
tions which make closed, systems advisable, such as se¬ 
vere dust storms in barren districts. It often hatraens 
that the initial installation in a hydroelectric 
ment is only a small part of the final capacity and there 
may be .construction work going on over a long period 
after the first few units have been put into operation 
wi i considerable dust from masonry work in the air 

rST e ° f this kind ' ifc was found that the gener¬ 
ators had become sufficiently clogged with dust to raise 
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their temperature 10 deg. One installation of eight 
12,550-kv-a., 100-rev. per min. waterwheel-driven gen¬ 
erators includes closed ventilation systems. Probably 
the largest waterwheel-driven generator to be provided 
with this system is a 30,000-kv-a., 300-rev. per min. ver¬ 
tical unit. In these installations, the air coolers are 
located in enclosures immediately behind the stator 
frames, and after passing through them, enter ducts 
leading to the pit underneath the generators. In the 
case of the 30,000-kv-a. generator, the air is returned to 
the space above the rotor also. The coolers are arranged 
so that they can be lifted vertically out of their pockets 
for repair or replacement without disturbing any part of 
the generator themselves. 

Another unusual application of the closed system of 
ventilation is in connection with a German Diesel-en¬ 
gine-driven 13,000-kv-a., 94 rev. per min. alternator. 

Much valuable data for future design work regarding 
hydrogen cooling have been obtained from thorough 
tests on a 6260-kv-a., 3600-rev. per min., 13,200-volt 
turbo generator. These tests were highly gratifying and 
indicated that practically the same benefits may be ob¬ 
tained as may be expected from theoretical considera¬ 
tions. There are indications that hydrogen cooling may 
eventually be used for large synchronous condensers and 
frequency converters. It has been suggested that helium 
could be used with advantage in the place of hydrogen 
and this possibility is being investigated. A seal has 
been developed to prevent the loss of hydrogen or the 
admission of air at the. section where the shaft of the 
machine enters the end bell. Tests made over long peri¬ 
ods of time on this type of seal have proven very satis¬ 
factory. Tests have also been made on heat-flow across 
laminations when surrounded by hydrogen. 

The necessity of minilnizing the noises given out by 
rotating machinery in substations located in business 
and residential areas has presented some difficult prob¬ 
lems, especially in connection with d-c. machinery. It 
is a comparatively simple matter to enclose a synchro¬ 
nous motor so that the noises are quite effectively dead¬ 
ened but in the case of a d-c, generator or a rotary con¬ 
verter, the necessity of providing ready access to the 
commutator brushes presents serious difficulties and the 
accumulation of metallic and carbon dust becomes a 
serious contributing factor toward insulation failures. 

An early attempt to enclose a rotary converter con¬ 
sisted of a housing in the form of a wired glass and steel 
framework closely shrouding the commutator and 
mounted directly on the arms of the brush spider, A 
metal housing covered the collector rings and pedestal 
with sufficient room to allow an operator to enter the 
housing and inspect the rings and brushes. Test showed, 
however, that ‘this arrangement hindered the free ven¬ 
tilation of the commutator and from an operating point 
of view the commutator was too inaccessible. • A later 
attempt which has proved successful lias taken the form 
of a large semi-cylindrical steel housing of about the 
same size as the over-all projected dimensions of the 


converter and of slightly greater height. Doors are pro¬ 
vided at each end while steps on the bearing pedestals 
with suitable screens, guard rails and adequate lighting 
make the rings and commutator safely and easily acces¬ 
sible. Air is introduced through the pit at the d-c. end, 
a small part being admitted under the collector rings and 
passing axially through the machine; it is discharged 
into the exhaust ducts from the top of the collector end 
of the enclosure. This scheme has been successfully ap¬ 
plied to 4200-kw., 12-phase converters having their two 
transformers mounted on the base plate, Blowers loca¬ 
ted in the basement beneath the converters are used to 
force the air through the housings. Some 2100-kw., 
six-phase converters have been similarly equipped. 

During the past year extensive experimental tests 
have been made to determine the surface heat trans¬ 
fers in electrical machinery with air flowing at vari¬ 
ous velocities through radial and axial ducts. Investi¬ 
gations have been made to determine the influence o'f 
shape, size, cross-section, condition of the surface, mean 
temperature and several other factors. 

The most important fact brought out in these tests is 
that the rate of heat transfer is not constant along the 
path of air-flow but varies in value from point to point 
along the path. This variation in the rate of heat liber¬ 
ation for a constant air velocity in a given duet is caused 
by the changes in the turbulency of the air-flow along 
the duct. As a result of this change of turbulency, it is 
found that the rate of heat transfer near the entrance of 
a duct is about twice that at a point further along where 
stable flow conditions are found. This explains why 
electrical machines with short duct length have a capac¬ 
ity in proportion to their surface greater than those with 
similar ducts but with longer air flow paths. This also 
explains why the surface heat transfer coefficient of a 
duct, averaged over its total length, will be an inverse 
function of the length. It also explains why results as 
given by experiments on ducts of various length should 
vary. . 
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Water-Wheel Generators 
Probably the most notable water-wheel-driven gener¬ 
ators of the past year are the seven machines now under 
construction for the Conowingo Development. These 



Fio. 1 —Section of27,500-Ky-a., 90-Rev. per min. Vertical- 
Shaft Alternator with Overhung Rotor 

alternators are notable not only because of their size but 
also because of the fact that they are to supply power 
for the first 220-kv. transmission line in the eastern part 
of the United States. They are rated 40,000-kv-a., 90 
per cent power factor, 81.8 rev. per min., 60 cycles, 
13,800 volts, and are the largest in physical dimensions 
of any electrical machines that have ever been built. 
They are being built by two manufacturers, and by a 
large degree of cooperation between them, it has been 
possible to obtain similarity in characteristics and ap¬ 
pearance and interchangeability of some important me¬ 
chanical parts. The outside diameter of the stator frame 
is 38 ft. One manufacturer has made use of steel plate 
construction almost exclusively for the mechanical parts 
of tlje stator frame and the rotor. The rotor rim will 
consist of heavy rolled plates in several layers over¬ 
lapped so as to give the greater strength for the amount 
of material used and fastened together with bolts and 
dowels. The pole pieces will be fastened with bolts 
through the rim. The stator frame is of the welded steel 
plate construction and greater uniformity in shape has 
been obtained than is possible with castings. The larg¬ 
est capacity thrust bearings ever built will be required 

^°. r these generators. Their capacity will be a total load 
oi /ou tons. 

On account of the stability characteristics desirable 
for operation with the 220-kv. transmission line, the 
generators described above have a short-circuit ratio of 


1.25 which is somewhat higher than has been found sat¬ 
isfactory .for nearly all other hydroelectric develop¬ 
ments. As a further aid in securing continuous parallel 
operation without hunting or dropping out of step dur¬ 
ing disturbances on the system, a scheme of high-speed 
excitation is being used. As in the case of the large gen¬ 
erators at Niagara Falls, each main generator has direct- 
connected to its shaft a service generator which supplies 
power to a high-speed, motor-generator set for providing 
excitation for the main generator. The service genera¬ 
tor is provided with its own direct-connected exciter. 
The generator of the main exciter set will be separately 
excited by a suitable direct-connected exciter. To take 
full advantage of the high-speed excitation provided by 
this scheme, special voltage regulators are being used to 
control the main generator excitation through the con¬ 
trol of the field current of the exciter generator. The 
fields of the exciter generator will be connected in two 
parallel circuits in order to obtain an effect equivalent 
to that of using double potential on the whole field con¬ 
nected in series. Generators having the same scheme of 
excitation have been installed in power houses on the 
Gatineau River in Quebec for supplying power to the 
260-mile transmission from Ottawa to Toronto. One of 
these generators is rated 32,000 kv-a., 90 per cent power 
factor, 100 rev. per min., 6600 volts, 26 cycles, and the 
other is rated 22,500 kv-a., 88.3 rev. per min. 

The largest vertical shaft water-wheel-driven alterna¬ 
tors yet built in Europe are now under construction. 
They are rated 35,000 kv-a. at 337 rev. per min. and 375 
rev. per min., 10,000 volts, 40 cycles. These machines 
are equipped with direct-connected main and auxiliary 



Fia. 2 Rotor op a Large Waterwheel-Driven Alterna¬ 
tor op Recent Design using Steel Plate Construction 

exciters. The rotors are made up of two wheels, each 
consisting of five cast steel disks bolted together, The 
pole pieces are dovetailed to the rotor spider. 

There are under construction three of the largest ver¬ 
tical shaft water-wheel generators of the “umbrella” 
type yet built. Two of them are rated 27,600 kv-a., 80 
per cent power factor, 90 rev. per min., 13,800 volts and 
the other- is rated 22,600 kv-a., 76 rev. per min., 60 
cycles. With this construction, a common shaft is used 
for generator and water-wheel and the thrust and guide 







Nov. 1927 


1249 







ELECTRICAL MACHINERY 


bearings are located beneath the rotor. There is no 
guide bearing above the rotor. The ventilation arrange¬ 
ment is noteworthy in that no air is taken from the 
wheel pit and no air currents pass over the bearing oil 
pans to draw oil vapour into the generator. A number 
of smaller generators of this type has now been put into 
operation and their operation has proved satisfactory. 

European manufacturers of water-wheel equipment 
are apparently finding it more economical to offer geared 
units for low head installations. An installation on the 
Trent River in Ontario consists of a 1400-h. p., 120-rev. 
per min. vertical shaft turbine geared to a 600-rev. per 
min. horizontal shaft alternator through a set of helical 
bevel gears which are claimed to have an efficiency of ' 
98 per cent. Some recent German plants contain ver¬ 
tical shaft turbines driving vertical shaft alternators 
through double spiral gears. 



Fig. 3—Comparison or Ratings or Existing Salient 
Pole Alternators with Ratings which Manufacturers 
are Prepared to Build ♦ 

Tho full lino curvo shows ratings which manufacturers aro prepared to 
build as monttonod In tho June 1020 report of this committee 

During the year a very large automatic hydroelectric 
station has been put into operation. It consists of a 
17,500-11. p. vertical turbine driving a 13,333 kv-a., 
6600-volt, 225-rev. per min. generator and is controlled 
from a station seven miles distant. Another large gener¬ 
ator rated 9000 kv-a. arranged for full automatic control 
has been put into operation. 

In the report of this committee last year, there was 
given a list of large ratings at different speeds which 
manufacturers were prepared to build. No doubt, if the 
necessity should arise, greater ratings could he con¬ 
structed. A reader who was interested in knowing how 
close the ratings of machines already built came to these 
limits has plotted the list of maximum ratings and 
speeds in the form of a curve and added the more out¬ 
standing ratings that have been built. The curve and 
plot is reproduced to show what appears to be the limit 
line of hydroelectric unit capacities th^t have been con¬ 
sidered economical up to the present time. It will be 
noticed that the highest ratings at different speeds of 
machines built or under construction fall on a well de¬ 


fined curve with the exception of two machines that are 
above the curve. 

Recent developments in the design of Pelton wheel 
water turbines promise that larger horizontal shaft gen¬ 
erators than heretofore built are possible requirements 
of the future. The standard arrangement of units with 
this type of turbine is to mount a runner on each end of 
the generator shaft. Units of this type have been built 
for capacities of 40,000 h. p. and 56,000 h. p. and studies 
have been made of still greater capacity wheels which 
may be built when the proper economic conditions are 
presented. There are now being built two of the largest 
capacity alternators for this arrangement that h-ave * 
been produced. One of these is rated 50,000 kv-a., 60 
cycles, at 300 rev. peynin. and the other is rated 45,000 
kv-a., 50 cycles at 250 rev. per min, 
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Turbo Alternators 

The trend of development during the past year has 
been toward larger units, In connection with the manu¬ 
facture, shipment, and installation of the large alterna¬ 
tors now being produced, there has been an extension 
of the use of the skeleton frame construction for stators, 
and also in speeds of 1500 and 1800 rev. per min. 

The old type of construction made a final unit which ’ 
was necessarily heavy and usually too large for ship¬ 
ment on the railways. With the skeleton frame con¬ 
struction, the frame is strong enough to support itself 
during machining and assembly. Special bolted-on 
plates and trunnions for each frame facilitate handling 
during assembly at the works, loading and unloading 
during shipment, and final erection at the destination. 
The over-all dimensions of the frame, assembled foV 
shipment, allow the completely assembled unit to be 
shipped direct to its destination. The ventilation re¬ 
quirements are eared for by an external superstructure 
of sheet metal applied at the destination. With this 
construction, 1800-rev. per min. turbine generators up 
to 76,000 kv-a. can be built and wound at the works and 
shipped complete. As a result of this, large turbine gen¬ 
erators can be tested at the works, the freight charges 
are reduced, handling during assembly, shipment and 
erection is made easier, closer inspection is made possi- 
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ble during manufacture, and there is less confusion to 
the purchaser when shipment is made. 

There has been considerable activity in developing 
new types of stator windings, involving transposition of 
strands in each 'conductor, and transpositions at the 
heads of the machine, or in the connections. The use of 
half-coils is becoming more common practise among the 
different manufacturers. It has been found that the use 
of continuous coils and the control of the eddy current 
loss factor by transposing the strands of each conductor 
at one end of the machine is satisfactory up to about 
50,000 kv-a. In larger capacity machines, coil length 
and weight are so great that it is difficult to handle the 
coils during manufacture and assembly. This has fa¬ 
vored the use of half-coils, especially in view of the facil¬ 
ity with which damaged coils can be replaced in the 
machine. 

, To make the eddy current loss in half-coils as low as 
in continuous coils, either elaborate transposition of the 
strands at each end of the machine or transposition of 
the strands inside the armature core is necessary. Com¬ 
plete external transposition of half-coils is undesirable 
because of the large number of complicated connectors 
and the large space required for connection. For these 
reasons, types of half-coil construction are* being used 
in which the strands of each conductor are transposed 
in the slot portion. One construction provides a com¬ 
plete transposition in the slot of all the strands in the 
conductor as one group while in another construction 
the strands are arranged in small groups and the strands 
of each group are transposed internally while the groups 
are transposed at the ends. These constructions permit 
the use of coils which are relatively easy to handle and 
assemble and yet make the eddy current losses as low 
aspossible. 

The past year has seen the realization of the predicted 
possibilities in large high-speed turbo generators which 
were mentioned in the report of this committee last year. 

I here are under construction generators of the following 
ratings: 

Single-Shaft Units . 

100,000 kv-a., 90 per cent power factor, 1600 rev 
per mm. 

. ^'OOO kv-a., 80 per cent power factor, 1800 rev 
per mm. 

Triple-Shaft Units, 

, T'wo—64,706 kv-a., 85 per cent power factor, 1800 

rev per mm. and one 57,647 kv-a., 85 per cent power 
factor, 1800 rev. per min. with two 4286-kv-a. house 
service generators to form a 165,000-kw. unit. 

I wo—72,941 kv-a., 85 per cent power factor, 1800 

* ZorVZ and ° ne 8M12 kv - a ‘ 85 Per cent P™er 

■ factor, 1800 rev. per min. with two 5333-kv-a. house 
r generators to form a 208,000 kw. unit 

and bv^nl tenden T , t0 Very large ******** ™ts 
switching SS3T* opacities has made the 

ffivoff ’ ° n aCC ° Unt ° f tHe en0rmous cur - 

rents involved, a serious one. This situation is being 


met in some instances by connecting step-up transform- 
ers directly to the generator terminals and doing all the 
switching on the high-tension side of the transformers. 
In other cases, the generators are being built to operate 
at voltages considerably higher than those previously 
employed. As examples of the latter practise, the two 
100,000-kv-a, units mentioned above are being con¬ 
structed for 16,500-volt operation; the main generators 
of the 208,000-kw, triple shaft unit above referred to 
will operate at 22,000 volts, and thereis also under con¬ 
struction a single-shaft generator of 61,675-kv-a. capac¬ 
ity which will operate at 22,000 volts. All of these will 
have dielectric tests in accordance with the A. I. E. E. 
Standard, i. e., twice normal voltage plus 1000 volts. 

During the year some large two-shaft units have been 
put into operation. One of these consists of two 40,000- 
kwv generators. The turbine and generators are oper¬ 
ated as a unit, the two generators being solidly tied to 
each other and to an auto-transformer stepping up to 
27,600 volts with switching on the high-tension side 
only. The neutral points of both generators and auto* 



Fig. 4 Shop View of Stator Frame fou 40,000-Ky-a. 

Vertical Shaft Alternator 

• For. ConowJngo Dovelopmoiifc 

fransformers are solidly grounded. The unit is started 
with field on both generators, the low-pressure element 
starting as a motor. The two generators are identical 
™ d “' e each *» ted at 40,000 kw., 1800 rev. per min., 
13,800 volts, 90 per cent power factor. The generators 
also have a one-hour overload rating of 80,000 lew. at 
80 per cent power factor. A 250-volt exciter is direct- 
connected to the generator of the high-pressure element. 

aeh generator has its own field rheostat but the two 
face plates are coupled together and operated as a unit 
y a single pilot motor. A closed cooling system is used 
for each generator. 

Another unit comprises a 64,700-kv-a„ 85 per cent 
power factor, 1200-rev, per min. generator, a 38,825- 
kv-a., 85 per cent power factor, 1800-rev. per min. gen¬ 
erator and a 4666-kv-a., 75 per cent power factor, 1800- 
iev. per mm. house service generator making a combined 
capacity of 91.5Q0 kw. 

Still another two-shaft unit which is under construc- 
tion consists of an 88,200-kv-a., 85 per cent power fac¬ 
tor, isoo-rev, per min. generator and a 100,000-kv-a. 
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96 per cent power factor, 1200-rev. per min. generator, ground. This high voltage would appear to be an inno- 
Both generators are wound for 13,800 volts. vation but it should be recalled that a 600-kv-a., 30,000- 

Two 62,500-kv-a.,. 1800-rev. per min. generators volt water-wheel-driven generator was built for the city 
which have been put into service show by performance of Rome about 20 years ago, is reported to have oper- 
that the rating can be increased to 70,600 kv-a. without ated all that time without breakdown, 
exceeding the original temperature guarantees and with- Tests made to determine the additional losses in turbo 
out change. They have a test efficiency of 98 per cent, alternators due to stray field have shown that the short- 
Another manufacturer has completed a 59,000-lcv-a., circuit losses can be reduced if noil-magnetic rotor re- 
12,000-volt, 1800-rev. per min. turbo generator which taining end rings are used. Laminated stator end flanges 

and laminated magnetic shields attachdd to the stator 
flanges have been proved advantageous and a number 
of machines has been built with these features. * 
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During the year, several of the European manufac¬ 
turers have built 50-cycle turbo generators at 3000 rev. 
per min., in sizes from 30,000 kv-a. to 37,500 kv-a,, but 
the experience of some of these companies in testing the 
generators before shipment has not been reassuring. In 
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consequence, at least one*of the principal manufacturers 



Fig. 6—80,000-Kw. Cross-Compound Turbo Alternator 

Set 

has decided to build 30.000 kv-a. hereafter, at 1500 rev. 


“Some Problems in Connection with the Design of Large Tur¬ 
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Transformers 

The design of a transformer is often influenced by 
space limitations. To meet special limitations, individ¬ 
ual radiators may be removed from the sides of the 
transformer tank and mounted in a single group. This 
arrangement has been used on an 89,000-kv-a. banjk of 
self-cooled auto-transformers. The single-phase units 
which comprise this tank are the largest transformers 
on which radiators have been mounted apart from thg 
transformer. 

The development of the load ratio transformers which 
was reported last year has justified the claim! for its 


per min., instead of 3000. , 

In England there has been built a 31,250-kv-a., 80 
per cent power factor generator which is remarkable for 
its voltage. It is wound for a terminal voltage of 33,000 
volts and in order to avoid increasing the dimensions of 


growing importance. There has been a continual 
growth in the use of transformers arranged for load 
ratio for tying-in two operating systems for properly 
distributing the load over different portions of the same 
system, and for electrolytic and metallurgic processes,:, 


the machine unduly, due to the thickness of the insula- in industrial service. 

tion, a special arrangement has been used to keep the The voltage range for which these equipments were 
voltage at a low value between adjacent conductors and designed varied within wide limits, the maximum to- 
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date being 120 per cent range in voltage in 18 ratios’ 
and the minimum 10 per cent voltage variation in nine 
ratios. The largest banks so operated are as follows: 

Three-phase, water-cooled, 60-cycle regulating auto- 
transformer capable of handling 60,000 kv-a, for use 
with three single-phase, 20,000-kv-a, units rated 132,000 
grounded Y, 36,000 grounded Y, 12,000 volts, 

Automatic control by means of a contact making 
voltmeter was provided for two three-phase, self-cooled, 
radiator type ti&nsformers of 10,000-kv-a,, 60-cycle out- 


Common 

Winding 



t RdtiO 
Adjuster 
HO. 2 


I id. 7 Diagram of Typical Circuit Arrangement for 
Automatic Load Ratio Control of a Power Transformer 
WITH THE TWO-WINDINQ ARRANGEMENT 

put. These machines transformed 11,000 volts r to feed 
a grounded Y, 41,400-volt system. To adjust the line 
voltage in accordance with the changing load, the high- 
voltage windings have 11 taps of 2K per cent each. To 
permit a change of taps without interrupting the load 
a part of the 41,400-volt winding is made in two sec¬ 
tions, operating normally in parallel and dividing the 
load equally. Each of these winding halves is connected 
to an 11-pomt ratio adjuster and the resulting circuits 
brought out of the transformer tank and led to two 
three-phase circuit breakers. 

It is thus possible during the tap-changing period to 

srr 1 z ***™ in »s s the 

voltage tap in this open-circuited section while the other 

fo2r te ' np ° ranly f cames the entire load of the trans- 
ormer. Copper of ample cross-section and the very 
short transition period make this possible. The same 
change is then made in the second half. The entire 
change from one voltage tap to the next requires only 

bo hhrL a b 7 6f Peri ° d ’ less than 1^ sec., when 
both brokers are closed but the two ratio adjusters Z 

JJ-JJ* 1 ? aPart ’ an internal circulating current exists 

sufficientTnh^' 7 k<!Pt within P rede tennined limits by 
inS reactance in the transformer w ind^ 

fo^rr? Perated meehanisra mounted on the trails 
F the proper execution of the tap-changing cycle, 


it is essential that the three corresponding ratio adjust¬ 
ers of the three phases move simultaneously from one 
tap to the next; therefore these ratio adjusters are 
mounted together on the same shaft with full phase 
insulation between them. The resulting two stacks of 
adjusters are arranged in a vertical position along the 
coil stacks of the transformer, and their two main shafts 
connect on top to a special internal intermittent gear. 
Turning the driving shaft of this gear train one complete 
revolution will first change one set of the three adjusters 
one step, then lock this set, and then turn the second 
set one step, 

Contact making voltmeters relieve the operator of 
any manual starting of the mechanism. If the line volt¬ 
age deviates from a set value for a period longer than a 
predetermined time value, the tap-changing mechanism 
is automatically put in motion in one direction or the 
other to bring the voltage back to normal, A positive 
but adjustable time delay is insured by a relay, driven 
by a small induction motor, Between the motor shaft 
and the contact making element, a train of gears with 
a geai shift mechanism is introduced, allowing adjust- 
ment from one sec. to 30 min. 

Two contact making voltmeters are used on each of 
the two transformers, one adjusted to respond to a nar¬ 
row range of voltage variations, while the other one is 
set for much wider differences in voltage. If the line 
voltage rises or drops only slightly, and if this condition 
persists long enough to bridge the introduced time de- 
lay, the transformer will shift to the next proper tap. 

, on ie o ler hand, a considerable rise or drop occurs, 
the second contact making voltmeter will respond and 



IrRANGeI™ SINGLE-W™ 


will cause immediate adjustment without any time de- 
y. The necessary instruments, relays, timing devices 
etc., are arranged on two switch panels. ' 

A large number of transformers has been built during 
he past year with external auxiliary equipment for 
chaw top, under load. A etoplificiiou of tteprot 
em of taps changing under load is claimed for a new 

selftmt" 16 ? ° f the single " windin S sc beme. By use of a 

self-protecting preventive auto-transformer, only one 
switch operation is required to change the voltage ratio 
of the transformei* under load and protective equbmt? 
s not required for the transformer windings as no S 
ng is overloaded during the change in taps. This metli 
od of tap changing under load permits mounting all the 
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switches external to the transformer tanks and requires 
a minimum number of switches. 

The following is a description of the operation of the 
single-winding arrangement shown on the schematic dia¬ 
gram Fig. 8. On position No. 1 with switch No, 1 closed, 
one-half of the preventive auto-transformer carries the 
load current of the main transformer. The change from 
voltage position No, 1 to voltage position No. 2 is made 
by the single operation of closing switch No. 2. In this 
second position, each half of the preventive auto-trans- 



Fig. 9—20,000 Kv-a., 00-Cycle, Single-Phase, 13,200/ 
12,000-Volt Power Transformer with Load Ratio Changer 
Placed in Grounded End of High Voltage Side 

former winding carries half of the load current of the 
main transformer and the voltage obtained is equiva¬ 
lent to a voltage midway between taps. The resultant 
current in the two halves of the auto-transformer will 
be the vector sum of the exciting current of the auto¬ 
transformer and one-half of the load current. The 
switching cycle as given above is repeated throughout 
the entire range of taps. As a switch is opened only 
upon each alternate voltage position, two voltage posi¬ 
tions are obtained for each switching cycle, which is rel¬ 
atively light duty cycle for tap changing service. A 
slight inequality in voltage steps is found in changing 
from one voltage position to the next, due to the change 
in reactance on alternate positions. The reactance dif¬ 
ference during this cycle is an invert function of the cir¬ 
culating current which is present when the auto-trans- 
former is connected across adjacent taps and is con¬ 
trolled by the use of suitable air-gaps in the core of the 
auto-transformer. By this means, the reactance varia¬ 
tion may be reduced to a minimum so the voltage dif¬ 
ference is small and not objectionable. 

Two 36,000-kv-a. transformer banks have been in¬ 
stalled using the transformer under load. The nominal 
voltage of the transformer banks is 132,000 to 11,600 
volts with plus or minus 10 per cent voltage variation 
under load on the low-voltage side. The tap changing 
equipment used in this installation is the first equip¬ 


ment built with complete automatic control. As the low 
voltage raises and lowers with load variation, the tap 
changing mechanism automatically changes taps to 
compensate for the variation. If desired, the tap 
changer may also be operated by a remote control 
switch, or, in case of emergency, manual operation may 
be used. . 

During the last year, the largest artificially-cooled 
unit built was a 66,667-kv-a., 25-cycle auto-transforraer. 
It is the largest transformer so far constructed in the 
United States, not only in rating, but in physical dimen¬ 
sions. For instance, it required 36 tons of steel and. 17 
tons of copper for the windings. The total weight in¬ 
cluding oil exceeded 120 tons. This transformer is util¬ 
ized to step up the vdltage of a turbi ne-generator line 
from 12,000 to 24,500 volts and its equivalent rating as 
a transformer is 34,000 kv-a. 

Four single-phase auto-transformers of record size* 
were also built for air cooling. They are rated 30,000 
kv-a., 220,000 Y, 126,000 Y, 10,640 volts. These trans¬ 
formers have a larger capacity and exceed in physical 
dimensions any transformer of this type so far con¬ 
structed. The conservator which contains 1300 gallons 
of oil is in Itself equivalent in dimensions to the tank 
required for a 2500-kv-a., 60,000-volt transformer. The 
weight of the conservator is approximately five tons and 
the total weight of the transformer exceeds 130 tons. 

In connection with the transmission of power from 
the Conowingo development, there will be required 
580,000 kv-a. in 220-lrv. transformers. The step-up ser¬ 
vice at the generating station will require 13 water- 



Fig, 10—Circuit Breakers and Operating Mechanism 
for Load Ratio Changer of 20,000-Kv-a. Transformer aneP 
Arranged for Motor or Hand Operation 

cooled transformers rated 26,667 kv-a., 220 lev.* These 
will be connected in banks of 80,000 kv-a. In the step- 
down substation, there will be seven 33,333-lcv. a., 220- 
kv. straight self-cooled, three-winding transformers to 
step the voltage down to 66 kv. These will be connected 
in banks of 100,000 kv-a. and will be arranged for ratio 
changing under load. These will be more than 60 per 
cent greater in rating than the largest self-cooled, single¬ 
phase transformers reported last year. 

« 
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The largest artificially cooled single-phase transform¬ 
ers were completed this year. They are rated at 31,400 
kv-a., 60 cycles, 12,000 to 132,000 Y volts and are 
water-cooled. These transformers, while of greater rat¬ 
ing, -do not exceed in physical size the 28,000-kv-a., 
three-winding transformers shipped two years ago to 
Japan. These three-winding units, of American manu¬ 
facture, have not been exceeded in physical size by any 
other water-cooled transformer. The present maximum 
capacity for two-winding transformers will be exceeded 
upon the completion of some 33,333-kv-a., two-winding 
" transformers now under construction. The 33,383-kv-a. 
units are for 220,000-volt service, for which a great num- 



Fia, 11— Growth of Unit Capacity of Seef-Gooded and 

AHTlI’lOALLY-CoOLED TrANSFOBMEIIS 

ber of units has* been constructed during the year. 
They are cooled by radiators with forced air cooling and 
are the largest size to which this method of cooling has 
been applied. ' 

The largest totally self-cooled transformers were re¬ 
cently put in operation. They are rated at 26,000 kv-a., 
three-phase, 60 cycles, stepping-up from 13,000 to 120,- 
000 volts. The windings are equipped with tap changers 
designed for future tap changing under load. An over¬ 
load capacity giving 36,000 kv-a. is obtained by means 
of forced oil circulation through the cooler. 

The development of means to increase the rating of 
self-cooled transformers by the method of blowing air 
on the cooling surface, which originated about five years 
ago, "has been applied to a number of large installations 
during the past year. It has been found that in some 
cases where transformer efficiency is not of prime im¬ 
portance, the saving effected in the transformer itself 
is sufficient to offset the cost of the blower and air duct 
equipment. 

For use in underground distribution systems, a new 
subway transformer tank has been developed which is 
suitable for larger capacities, higher voltages, and heav¬ 
ier currents. The junction boxes form an integral part 
of the tank and provide adequate high- and low-voltage 
terminal facilities. 

Peculiar conditions in connection with the marketing 
of both 25-cycle and 60-cycle power from the new hydro¬ 
electric developments on the Gatineau River in Quebec 


have called for the use of some 14,000-kv-a. water- 
cooled transformers suitable for use on either 25 cycles 
or 60 cycles without any change whatever in the wind¬ 
ings. 

The outcome of the recent attempt to formulate 
standard voltages will have far-reaching effects upon 
the transformer industry. Standard voltages and capac¬ 
ities will result in economies both in manufacture and 
use. 

Recognition of the advantages of a means of changing 
ratios under load has resulted in a large demand for this 
type of transformer in Europe, as well as in America. 

In the report for last year, mention was made of some 
large single-phase transformers for 16 2/3-cycle railway 
work and arranged for three voltages. The claim is 
made that these are the largest transformers in the 
world. If a 60-cycle transformer were built with the 
same material, its rating would be 100,000 kv-a. The 
design of these transformers is of particular interest be¬ 
cause it was necessary to divide the 16,000-volt winding 
between the 66,000- and 132,000-volt sides to secure the 
necessary mechanical strength for short circuits. To 
meet the various magnetic conditions for the different 
methods of operation, it was necessary to provide a 
special by-pass core for the magnetic leakage fluxes. 

Among the large transformers built in Europe, it is 
of interest to mention six 3-phase, 5-leg, 44,000-kv-a., 
50-cycle units for the Rummelsburg power station. 

An interesting European development along the lines 
of high-voltage testing transformers are some.750,000- 



Pig, 13—29,667-Kv-a, Transformer with Radiators 
Mounted Apart from the Tank 

volt units which are constructed on an entirely new 
principle. It has been the practise to immerse the whole 
active parts of such a transformer in an oil tank but in 
this design only the windings are oil-immersed. This is 
accomplished by arranging the inner and outer insulat¬ 
ing cylinders concentrically in such a way that they 
form a container for the oil. This allows dispensing with 
expensive insulating bushings. The following advan¬ 
tages are claimed for this construction: 

■ 1. Low manufacturing cost, owing to the absence of 
bushings and tanks and less oil. 
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2. Small floor space as compared with testing plants 
using multiple stage cascade connections. 

3. Increased reliability, owing to independence from 
atmospheric influences. 

4. Ability to withstand heavy loads owing to the 
comparatively small leakage voltage. 

Tests at 1,500,000 volts have been made with two of 
these transformers connected in .series. 

What are probably the highest capacity testing trans¬ 
formers were constructed during the year for use in 



paa i fr 

figB 



high-tension winding to give full capacity in the low- 
tension winding over a range from 226 volts to 276 
volts. The high current of 38,500 amperes at the 225- 
volt rating involves some very unusual problems in.the 
arrangement of windings and terminals. 

A year or two ago, the Power Commission of the city 
of Toronto was presented with the problem of dealing 
with objections raised by property owners in some of 
the better residence sections against mounting distribu¬ 
tion transformers on poles. Arrangements were made 
with a manufacturer to build a few transformers that 
could be buried in the ground as an experiment. It was 
found that the ground is as effective in cooling as the 
air and practically the same heating was obtained from 
a given core and coi? when buried in an underground 
tank as when hung on a pole in the ordinary out-door 
tank. The results are so satisfactory that other trans¬ 
formers have been ordered for regular service. Thesfe 


Fia. 14—Underground Transformer 
This type* of transformer may be buried in tlio ground 

cable testing. They are'rated 400 kv-a. f 2300/200,000 
volts, 60 cycles, single-phase. 

The highest voltage instrument potential transform- 




turn 


Fig. 15—36,000-K.y-a. Bank ok Transformers with 
Complete Automatic Control of Ratio Changer under 
Load 

ers that have been considered for commercial use have 
recently been designed and will be built and installed 
during the coming year.' These will be suitable for 220 

kv. . , 

Probably the largest electric furnace transformer ever 
built is now under construction in a Canadian factory 
for an aluminum plant. It is rated 16,000 kv-a., three 
phases, 60 cycles, 13,200-250 volts with taps on the 



» . —■ 

Fig. 16—33,330-Kv-a., 220,000-Volt Two-Winding Trans¬ 
former Arranged with Forced Air Cooling Equipment 

units are contained in welded tanks with an extension 
to the top to which is fitted a suitable man-hole cover. 
The whole may be buried in a lawn so that the man¬ 
hole cover is even with the surface of the ground and 
the primary and secondary leads carried underground 
to the nearest distribution pole. When it is desired to 
examine the transformer, the man-hole is removed to 
give access to the cover of the transformer tank proper. 
Later designs of these transformers have an arrange¬ 
ment whereby the taps may be changed by means of a 
key without removing the transformer cover. A sur¬ 
prising feature of the tests on the trial transformers was 
the fact that the snow did not melt appreciably more in 
the immediate vicinity of the transformer than in other 
parts of the lawn. 
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Induction Motors 

The demand for squirrel-cage motors, suitable for 
starting at full voltage without compensator or other 
starting device, has very greatly increased during the 
past year. Where the service does not require very 
heavy starting torque, such as centrifugal pumps, 
blowers, motor-generator sets, etc., the starting current 
can be reduced sufficiently without reducing the start¬ 
ing torque beyond the requirements by simply increas¬ 
ing the reactance of the squirrel-cage winding. For 
other classes of service where a normal or even a high 
starting torque is required, the situation is met by add¬ 
ing a second higher resistance squirrel-cage to tho 
regular working winding which still has high reactance. 
The high-resistance winding having a low reactance, 
this type of machine is commonly called a double 
squirrel-cage. Standard lines of motors up to 50 h. p. 
of these types have been brought out by several differ¬ 
ent motor manufacturers. In general the characteris¬ 
tics of this type of machine are such that up to and in¬ 
cluding 30 h. p., they are successfully made so that the 
static current is within the N. E. L. A. requirements, 
and the static and pull-in torque are substantially bet¬ 
ter than is possible with a single squirrel-cage winding. 
Generally the efficiency is practically the same as for 
the single squirrel-cage and the power factor is prac¬ 
tically the same as for two-and four-pole machines but 
there is a reduction of a few points in the power factor 
of the six-pole machines and a correspondingly lower 
power factor as the number of poles increase. 

• The use of ball and roller b earings seems to be growing 

in favour for the number of motors with this type of 
bearings forms a greater part of the total sales each 
year. An advantage which is Claimed is that motors 
may be shipped with the necessary lubrication ready 
to be put into operation and shields do not need to be 
changed to ceiling or wall mounting. Grease lubrication 
has been found satisfactory for motors up to two h. p. 
at 8000 rev. per min. 

The principle of directing jets of air on the surface of 
self-cooled transformers to accelerate the convection of 
heat has been applied to totally enclosed induction 
motors by equipping them with fans arranged to blow 
air over the outside surface. By this arrangement it is 
possible to build totally enclosed motors of somewhat 
larger capacity and especially in the larger sizes they are 
less costly than the straight enclosed motors without 
ventilation. 

The growing tendency for system interconnection is 
resulting in the gradual elimination of odd frequencies 
so that the demand for motors is very largely for the 
standard 60-cycie frequency. It is probable that within 
a short time there will be no demand for 40-cycle mo¬ 
tors because many of the 40-cycle systems are being 
changed over to 60-cycle. 

For many years, 220 volts has been a standard voltage 
for small general purpose motors and power companies 
have provided suitable service for this voltage. Re- 
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cently, due to the apparent economies of four-wire dis¬ 
tribution for power and light services, an active demand 
has grown up for 200-volt motors, and it is probable 
that stocks of motors for this voltage will soon be 
regularly carried. 

A very interesting development in single-phase, in¬ 
duction motor design was brought out by a German 
firm. The motor has no commutator, but is able to 
develop sufficient torque to make the motor suitable for 
railway work. This motor has two rotors on the same 
axis. The first rotor is synchronous and excited from a 
direct current source but does not transmit any torque 
to the shaft. The second one rotates inside the first 
driving the shaft and is an ordinary slip-ring motor. 
The synchronous rotor supplies the magnetization and 
it is possible to obtain unity power factor at different 
loads. It is also possible by increasing the excitation to 
compensate for the effect of voltage drop on the maxi¬ 
mum running torque. A motor, rated 225 h. p., 50 
cycles, has been built. 

An induction motor with Ward-Leonard control 
capable of carrying peak loads of 18,000 h. p. deserves to 
be mentioned among large machines. This motor was 
recently built in Europe and was furnished for rolling 
mill drive. 

The rapidly increasing use of fractional horsepower 
motors for domestic and other purposes has caused the 
power companies to become concerned about poor 
power factor conditions because there is no restriction 
about the performance characteristics of motors sold 
to the householder. The power companies have been 
seeking relief from this situation and recently an asso¬ 
ciation of motor manufacturers, appliance manufac¬ 
turers and power companies has been formed to study 
the situation. It has been agreed that motors for re¬ 
frigerators and oil burners must have an apparent ef¬ 
ficiency of 42 per cent and it is urged that improve¬ 
ments in design be made as rapidly as possible with the 
aim to obtain an apparent efficiency of 45 j4 per cent. 
It is possible that a single motor design will not be ap¬ 
plicable to all domestic apparatus because of the wide 
range in duty. 

A special application of a small motor to feeding the 
electrodes of an arc welding machine where it is re¬ 
quired to operate close to the arc has led to the develop¬ 
ment of a water cooled motor. The motor has coppei 
water tubes cast in the aluminum frame. 

The desirability of domestic appliance motors being 
capable of operating without noise has lead to the pro¬ 
vision of a spring support for some special application 
motors to eliminate the noise that is inherent in single¬ 
phase machines. , , 

A new type of repulsion motor with a squn i el-cage in 
addition to the commutated winding has been developed 
in England for which advantages are*elaimed over the 

ordinary type. . 

The synchronous induction motor of the type using 
separate direct current excitation continues in favor in 


Europe. However, European literature indicates that 
the possibility of designing new types of self-excited 
machines is being actively investigated. Although the 
separately-excited type of motor was used commercially 
in America as long ago as 1911, it has not been so vigor¬ 
ously exploited as it has been in Europe. This year, 
however, a larger manufacturer has built motors of this 
type for driving tube mills where heavy starting torques 
are met and long periods of operation at full load make 
high power-factor motors highly desirable. This motor 
is the same in general construction as a wound rotor in¬ 
duction motor and has the same starting operation.. It 
is provided with five collector rings for the rotor winding 
instead of the customary three rings. The exciter is 
wound for a low voltage and is connected permanently 
in the rotor circuit so that the starting operation is as 
simple as that of a wound rotor induction motor and 
requires no extra switching operation for the exciter! 
In order to limit the amount of excitation required these 
motors have deeper slots and considerable more copper 
for the rotor winding than the corresponding induction 



Fig. 17—Vertical Induction Motor for Pump Drive 

Arranged with hollow shaft through which the pump shaft extoiids to 
clutch at tlio top. 

motor would have. Two motors of this type rated 900 
h. p., 180 rev. per min. have been put into operation this 
year and a 1500 h. p. motor is being built. 

A brush shifting, a-c., adjustable speed commutator 
type of motor is now available for operation, with a con¬ 
tinuous rating at low speed as well as at high speed. 

The largest adjustable speed induction motor with 
Seherbius control to be built in America has been in¬ 
stalled for driving a bar mill. It is rated 6700/5000/3320 
h. p. at 500/375/250 rev. per min. 

During the past year, special induction motors have 
been designed and built for vertical irrigation pumps of 
the turbine or centrifugal type. These motors have hol¬ 
low shafts through which the pump shafts project. The 
motor and pump shafts are connected by a clutch at the 
top of the motor. Important advantages are easy ^ad¬ 
justment and alinement of the pump impeller, elimina¬ 
tion of whipping action at the upper end of the pump 
shaft, or damage due to the momentary reversal of the 
motors during a power failure. Special windings obtain 
a low starting current when the motors are started at 
full line voltage. Relatively high starting and pull-out 
torques are obtained, with an efficiency and a power 
factor, at full load, approximately the same as those ob- 
tained with standard motors. 
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Synchronous Motors 

In the report of last year, mention was made of the 
use of single-phase, synchronous motors as parts of 
motor-generator sets to be installed on railway loco¬ 
motives for supplying d-c. power to the main traction 
motors. These sets have been, made in three sizes, 
400 k.w., 1000 k.w. and 2500 k.w.,—the ratings of the 
synchronous motor bejng 500 kv-a., 1200 lcv-a., and 
3100 kv-a., respectively,—26 cycles, 2300 volts, 750 
.rev. per min. These sets are equipped with direct- 
connected exciters and single-phase commutator motors, 
which are used not only for starting up the sets but 
also for furnishing excitation to the main traction 
motors for regenerative braking. For the purpose of 
maintaining uniform voltage at the terminals of the 
synchronous motors, the single-phase transformers for 
stepping the voltage down from 11000 to 2300 volts are 
provided with automatic tap changers. The two smaller 
sets are constructed with two bearings in the end shields 
while the large set has four bearings with the synchro¬ 
nous motor at one end and driving the two 1260 k.w. 
d-c. generators in tandem. 

A new type of self-starting synchronous motor has 
been developed for use in time switches, traffic signals 



Fiq. 18— Double Propelling Motor for Diesel-Electric 

Tea Boat 
r* 

and other small devices requiring very small amounts of 
power. It is similar to the ordinary induction disk 
motor which has a disk type rotor revolving between 
the poles of a stationary electromagnet. The synchro¬ 
nous characteristic is obtained by means of a series of 
small iron inserts pressed into the disk near the peri¬ 
phery, which locks into synchronism with the alternat¬ 
ing flux. A motor of this type which is probably the 
smallest electric motor that was ever made for actual 
commercial use has been built. It is two inches high 
and weighs four ounces and its output is less than one- 
millionth h. p. 

As has been mentioned in the 1925 report of this 
committee, two types of synchronous motor construc¬ 
tion, particularly suitable for starting heavy loads, have 
been developed. One makes use of a built-in magnetic 
dutch which allows the rotor to come up to synchronous 
speed without load, the other is arranged so that the 
armature will be brought up to synchronous speed 
without load. For tube mills in cement manufacturing 
plants, there has been an active demand for motors of 
this type. The largest clutch-type motors have been 
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built during the year and are rated 900 h. p., 1800 rev. 
per rain., 100 per cent power factor. A new competitor 
in this field is the synchronous induction type, of which 
an important example is mentioned in the induction 
motor section of this report. 

High-speed, synchronous motors of the turbo-alter¬ 
nator type have been successfully used for gas pressure 
boosters and blowers. Motors of 1800 rev. per min. and 
3600 rev. per min. have been built for this service. The 
largest motor of this type that has been built was put 
into operation this year and is rated 2700 h. p. at 180 
rev, per min. It has successfully met the severe require¬ 
ment of four starts in succession. 

D-c. Machines 

The application of Diesel electric power for the pro¬ 
pulsion of boats, particularly tug boats and ferries 
which require a very flexible control for maneuvering, 
has swung strongly in favour of d-c. machines. For this 
purpose, some special types of propelling motors have 
been developed which are designed to fit the cramped 
space available for them. These motors are constructed 
with double armatures. Motors of this type rated 1250 
h. p. have been built for operation from a 1000-volt 
source. Normally the generating units are in pairs and 
their armatures are connected in series. 


• Although synchronous and induction motor drives in 
steel mills have made great advances, d-c. motors are 
found to have indispensable characteristics for certain 
applications and there seems to be a decided tendency 
to go back to d-c. motors for drives where variable 
speed is required. During the year there has been built 
and put into operation, a blooming mill drive with Ilgner 
motor-generator set and reversing motor capable of 
handling peak loads of 15,000 h. p. This apparatus 
embodies those features that have beet} found satisfac¬ 
tory in smaller units. During the past year work was 
completed on the 8000-h. p. d-c. motor which is to 
drive the largest blooming mill in the world. This * 
is the largest single armature d-c. motor ever built, both 
as to continuous horse-power and maximum torque. 
Other installations are a 3000-h. p., 80/150-rev. per 
inin,, adjustable speed motor and a 7000-h. p., 50/100- 
rev. per min., adjustable speed motor. 

The first steel mill motor, using the series exciter 
scheme of connection for obtaining flat speed regula¬ 
tion, was put into service during the past year. This 
speed regulation is obtained by using two field windings 
on the mill motor. One of these fields is supplied from a 
constant potential source while the other has for its 
source a separate exciter, the field of which is in series 
with the armature of the main machine. The series 
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19—-8000-H. P. Direct-Current Motor for Driving 
tub Largest Blooming Mill in the World 
T ills Is tho largest sltiglo arinatui-o direct current motor. 


field can therefore be made to compensate for the ten¬ 
dency of the motor to drop its speed with increase of- 
load. 

A recent contribution to the study of limits of large 
d-c. machines places the maximum commutator segment 
voltage at 30 volts and the maximum peripheral speed 
of the commutator at 360 ft. per sec,, but at speeds 
above 100 ft. per sec., difficulties due to unreliable 
brush pressure are encountered. 

Two 1400-lcw., 125-volt, 11,200-ampere, 360-rev. per 
min. generators, built during the past year to electroly¬ 
tic refining service are the largest 125-volt machines 
that have been built to date. These machines are 
notable for the extremely high current delivered at low 
voltage by a single commutator. 

As mentioned in another part of this report, one of 


As in the case of induction motors a new line of totally 
enclosed fan-cooled, d-c. motors has been developed. 
These motors have fans, external to the parts that en¬ 
closed the windings and core, which draw air into the 
end shields and blow it over the surface. This arrange¬ 
ment makes it possible to obtain greater outputs from 
a given frame size than it is possible with the ordinary 
type of enclosure. For certain slow-speed ratings it is 
possible to increase the rating as much as 50 per cent. 

Hydroelectric units with large size d-c., -generators 
in vertical shaft settings are quite unusual, and for this 
reason, the installation in a European power -house of 
four 4500-kw. machines should be noted. These will be 
capable of delivering 12,300 amperes at pressures rang¬ 
ing from 175 volts to 350 volts. The normal speed is 600 
rev. per min. 


the means of increasing the transient stability of a trans¬ 
mission system is by increasing the speed of response of 
the exciter. This increase in the response of the d-c. 
machine can be accomplished by any or all of the follow¬ 
ing means: 

1. Dividing the exciter field circuit into parallel paths. 

2. Separately exciting the d-c. machines. 

3. Increasing the rotational speed of the exciter by 
separate drive. 

The advantages of this type of exciter in increasing 
system stability are now very generally recognized. 
Many large machines sold during the past year have 
been supplied with the quick response exciters. 
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Mercury Arc Rectifiers 

There have been no radical developments in mercury 
arc rectifiers during the past year. It has been the first 
year in which rectifiers have been in service in the Uni¬ 
ted States in considerable numbers, and the first time 
that they have been used in steam railroad electrifica¬ 
tions in this country. For the first time, sufih a length 
of main line has been fed from rectifiers that service of 
the road has been dependent upon their continuous 
operation. That this device is a dependable piece of 
apparatus is indicated by the fact that a 1500-kw., 1500- 
volt rectifier has carried peak loads of 9000 kw. during 



Fig. p 20 —Steel-Tank Mercury Arc Rectifur Rated 500 
Kw., 600 Volts, on 750 ICw., 1500 Volts 

an emergency extending over a period of several weeks. 

* It has been observed that inductive interference may 
be experienced in some cases of mercury arc rectifier 
operation but this problem has been met and methods 
have been worked out to bring the performance within 
communication standards. 

A new type of rectifier has been placed on the market 
which has a higher current capacity than any built here¬ 
tofore. This machine has twelve anodes and has a con¬ 
tinuous rating of 2000 amperes at 600 volts. At higher 
voltages the current rating is a little less. Further prog¬ 
ress has been made in the development of rectifiers for 


high voltages, Successful load tests have been made on 
steel cased units at 8000 volts. The application of power 
rectifiers of such high voltage is, at present, confined to 
certain chemical processes. Its overall efficiency is ap¬ 
proximately 99 per cent. The voltage of rectifiers suit¬ 
able for railway work is limited at present only by the 
design of the motor equipment. The total capacity of 
rectifiers installed by one large European manufacturer 
during the past year amounts to about 200,000 kw. and 
90 per cent of them are for railway work, 

Probably the most outstanding installation of recti¬ 
fiers in the United States is that for the electrification 
of the Illinois Central Railroad terminal and suburban 
service at Chicago, where 9000 kw. in rectifier capacity 
is in use. An indication of the European confidence in 



rectifiers is made manifest in the placing of orders for a 
total of 95 units having a total capacity of 114,000 kw. 
by the Metropolitan railroads of Berlin. 

During tlTe past two years the total capacity of I'ecti- 
fiei’s manufactured and installed the world over has 
doubled each year. 

In 1924 the total capacity was approximately 150,000 
kw. In 1925 it increased to 310,000 lew., and in 1926 to 
600,000 lew. 
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Diesel Engine Driven Alternators 

During the year, the largest Diesel engine driven gen¬ 
erator has been put into operation at Hamburg (Ger¬ 
many). The engine is rated at 15,000 h. p. and is of the 
two-stroke cycle type with nine double acting cylinders. 
The direct-connected alternators are rated 13,000 kv-a., 
94 rev. per min., 6000 volts, 50 cycles. The design of the 
shaft and coupling of a unit of this kind requires the 
consideration of torsional oscillations of the shaft, 
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Frequency Converters 

Ties between power systems of the same frequency 
permitting control of the flow of power in either direc¬ 
tion under conditions of varying voltage are made pos- 



Pig. 22—Shop View op 30,000-Kv-a., 600-Rev. per min. 

Frequency Converter Set 
Showing Arrangomonfc of air Intake and cxhausfc 

sible by the use of transformers having taps that may 
be changed under load and it is also possible to tie two 
systems of different frequency and control the flow of 
power under conditions of variations in frequencies by 
frequency converters of the induction type. This type 
of converter, consisting of a synchronous machine and 
an induction machine with Scherbius control, was men¬ 
tioned in the report of this Committee in June 1925. A 
number of 6000-kw. sets of this description have been 


built. Another type of converter makes use of the cas¬ 
cade induction motor which depends upon a constant 
ratio of frequency. A number of 35,000- and 40,000-kw. 
sets of this type have been previously noted. During 
the past year there has been built a’15,000-k. w. set of 
this description, and a 35,000-kw. synchronous fre¬ 
quency converter set has been arranged with suitable 
spring support for the generator stator so that it can be 
used for single-phase operation. This type of support 
minimizes the effect of the pulsating {orque resulting 
from single-phase operation. The single-phase rating is 
21,000 kv-a, The largest synchronous frequency,con- 
verter set ever built has been put into operation. It is 
rated 50,000 kv-a., 300 rev, per min. 

Two sets with unusually high speed, have been built 
in the past year; one* a 30,000-kv-a. frequency changer 
at 600 rev. per min., and the other, a 17,777-kv-a. set 
at 720 rev. per min. The 30,000-kv-a. set is a 50-cycle— 
60-cycle set. The 50-cycle machine has been designed 
particularly for transmission line stability and incor¬ 
porated in it the features described under the heading 
Machine Characteristics for Stability. 

In Europe there has been an increased demand for 
synchronous frequency converters principally for rail¬ 
way work.* 

Bibliography. 
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Synchronous Condensers 

Because of the fact that synchronous condensers are 
in the class of non-revenue producing equipment, there 
has been a concerted effort to reduce costs'and losses. 
This has been accomplished partly by designing for 
higher speeds. Sixty-cycle condensers have been con¬ 
structed for operation at 900 rev. per min. up to a 
10,000-kv-a, capacity and at 720 rev. per min. up to 
20,000 kv-a. The largest condensers yet constructed 
are several that are for use for the regulation of the 
voltage at the receiving end of a 220-lev. transmission 
line in California. They are rated 50,000 kv-a., 600 
rev, per min., 50 cycles, and the total calculated losses 
are only 1 2/3 per cent. They will he provided with a 
closed system of ventilation, 

The largest condenser ever arranged for automatic 
control is under construction. It is rated 30,000 kv-a. 

In Europe it is being found advantageous to employ 
as condensers asynchronous machines provided with 
phase advancers. A number of these have given conf- 
plete success in service. They have been built in capaci¬ 
ties up to 10,000 kv-a. Mention of these machines is 
made on p. 183 of the Electrotechnische Zeitschrift for 
February 10 th, 1927. 
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Sine-Wave Generators ! 

% The largest sine-wave testing generator has been com- 
,,pleted during the year. It is rated 2000 kv-a., 2300 
volts, 3-phase, 60 cycles, 1200 rev. per min., and is 
driven by a 600-kV-a., synchronous motor. This gener¬ 
ator is capable of delivering 1200 kv-a., single-phase, 
and it is remarkable in that the voltage and current 
wave forms are sine-waves under all conditions of load. 
The characteristics are practically ideal. This set was 
built for use in testing high-voltage, underground cables. 
High-Frequency Machines 
During the past year a plan for the resonant control 
of street lights has been developed and this should give 
a new field for the application of high-frequency ma¬ 
chines,- This system of control .requires a generating 
system which can supply both 440 and 660 cycles to the 
main lighting circuit. The entire system is described in* 
the Electric Journal for February 1927. 
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» Induction Voltage Regulators 

An improvement in the design of induction regulators 
for outdoor service has been made by bringing the driv- 
'ing spindle for the movable element out through one of 



23—Arrangement or Lower Bearing of Tapered 
• Rollrii Type for Induction Voltage Regulator 

the passages connecting the regulator tank and the ex¬ 
pansion vessel, thus avoiding the use of all glands. An 
improvement in operation of induction voltage regula¬ 
tors as affecting vibration and noise has resulted from 
the use of roller bearings for the lower end of the shaft. 
A clearance in sleeve bearings will allow the movable 
element to vibrate and cause noise, yet tight bearings 
are liable to stick and interfere with the operation. 

' Roller bearings can at once be made tight and free to 
turn. The use of all-welded, corrugated sheet-iron tanks 
has resulted in improved appearance, reduced weight, 
increased insurance against leakage and greater ability 
to withstand shocks as compared with the corrugated 
cast-iruconstructioh^, 


. ' Synchronous Converters . 

During the year, some synchronous converters have 
been built which have an unusually wide range of direct 
current voltage. They are rated at 1500 amperes over 
a range of 87 to 175 volts. The method of obtaining this 
variation in voltage is unique in that the a-c. voltage at 
the collector rings is varied by means of tap changing on 
the transformer. It is necessary, of course, to change 
the field excitation to correspond to the different trans¬ 
former taps. Voltage variation between taps is obtained 
by field control. 

The twelve phase synchronous converter which was 
mentioned in the report of last year has been put into 
operation and two more have been built. The various 
advantages which were mentioned have been fully real¬ 
ized in actual practise and it is not improbable that for 
future production the number of 12-phase converters 
will exceed that of six phase. 

A recent English development in synchronous conver¬ 
ters is the socalled binary converter, which in effect is a 
device consisting of an induction motor and a special 
direct current generator having a common magnetic cir¬ 
cuit of sufficient size to take care of both rotating and 
stationary fluxes. This machine consists of a uniform 
magnetic circuit and a rotating armature. Two wind¬ 
ings are located in the same slots of the stationary mem¬ 
ber, one for producing the stationary current flux and 
the other for producing a rotating flux,, By a combina¬ 
tion of a two-pole a-c. winding and a six-pole d-c. wind¬ 
ing the six-pole d-c. winding on the rotating armature' 
acts as a short circuit or squirrel cage winding for the 
bipolar a-c. winding. The usual commutator and brush 
gear is used with the armature winding. 
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Science has learned that the ultra-violet rays in 
sunlight are beneficial in curing various sorts of human 
ailments. But since their wave-lengths are so short as 
to make this light invisible, there has been great diffi¬ 
culty in determining how much of this light there was 
in sunshine from day to day or from hour to hour even 
though the sunshine appeared uniform. An electrical 
radiometer has been perfected by Dr. Pettit, a govern¬ 
ment scientist, -working at the Solar Observatory in 
Pasadena, Cal, * This makes a written record every 
day of the ultra-violet content of sunlight. This 
device is coming into use by hospitals where the cura¬ 
tive value of sunshine is used. 
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Electromagnetic Waves Guided by Parallel Wires 

With Particular Reference to the Effect of the Earth 


BY S. A. LEVIN* 

Associate! A. I. E. E. 


Synopsis*— A theory of the 'propagation of electromagnetic waves 
guided by a system of parallel wires is developed with particular 
reference to the effect of the earth , and is simplified so that it is 
identical in form with the elementary theory . 

Important general properties of a system of parallel conductors 
and 'their application to problems of propagation in power or 
communication circuits , or in a system of both types of circuits , , 


derived by Professor Pleijel from the elementary theory , are men¬ 
tioned together with several remarks of practical importance ♦ The 
simplified theory leads to the same conclusions and , consequently f 
to the same applications , 

The simplified theory gives promise of successful application to 
such problems of propagation in transmission systems which 
heretofore as a rule have not been formulated with sufficient precision . 
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Introduction 

^OR the propagation of electromagnetic waves along 
any number of parallel wires of any configuration, 
mainly the elementary theory 1 ' 2 ' 3 has been em¬ 
ployed f. Usually the earth is considered as very remote 
or as a perfect conductor, Rigorous theories have been 
developed in special cases for conductors in free space, 
as well as with proper regard to the influence of the 
' earth. Earlier literature is found in reference 4; some 
recent work is mentioned in references 5 to 17, inclusive, 
A theory of propagation on a system of parallel wires, 
with particular reference to the effect of the earth, is 
developed in the theoretical part of this paper. To 
make this theory practically applicable, certain assump¬ 
tions are made^n the discussion. The simplified theoiy 
is identical in form with the elementary theory. 

In a paper based upon the elementary theory Pro¬ 
fessor Pleijel 18 has derived general properties of a system 
of parallel wires and poipted out their application to 
several problems connected with the propagation of 
electromagnetic waves along power or communication 
circuits, or systems of both. The section of the present 
paper dealing with applications of the theory shows that 
these properties and their applications follow also from 


may be of copper, some of iron, or any other material. 
All the conductors in.the earth must he insulated.^Qln 
the air, some or all of them may be covered with insu¬ 
lation. Some conductors may be arranged so as to 
correspond to a cable, but some of the following con-; 
siderations do not strictly apply to such an arrange¬ 
ment. The conductors, the media A and B, and' the 






Fig. 1 
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may be located in one or both of these media. ; 
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insulating materials are supposed to be homogeneous 
and isotropic, Y 

The, separations between the Conductors, and their 
distances from the surface of the earth, are supposed to 
be so large bolnpared to the radii of the wires that the 
electromagnetic field inside each wire is symmetrical 
to ‘ about the axis of the wire. The insulation of the wires 
is supposed to be so thin that it^ cair be neglected. The 
fundamental assumption is that at a given frequency/ 

1263 ' ‘ ^'' ; ; -■ Y7,:;- .yy.yK tYr-v. , / 
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few*?-a electromagnetic state* of the system can be repre- Let 

g! sented, except at the ends, by a number of traveling 
waves. Only one of them with the propagation con¬ 
stant r will be considered, unless otherwise specified. 

The components of the corresponding electric and 
magnetic field vectors, F and II, respectively, are the 
real parts of the complex expressions, obtained by 
multiplying 

F*( x > V)> Fv{x, y), F t (x, y ), H x (x, y), H v (x, y), H x (x, y) 

by the exponential factor e~ Ti+M where t is the time, 

Si # o> —>2 tt f and j = V - 1. The factors F x , etc., are 
represented by different analytical expressions inside 
each wire, in the air, and in the earth. They satisfy 
the boundary conditions at the surfaces of the wires 
and at the surface of the earth. 

Regarding the justification of the assumption of a 
field with the components 

F x {x,y)e- T ’v at . . , (A) 

the following may be noted: Considering first the 
simple case of a single conductor of circular cross-sec¬ 
tion in free space, it has been shown by Sommerfeld 22 
and Hondros 23 (see also references 24, 25, ^nd 26 for 
other important contributions) that there are several 
■fields each of the form (A) which satsify the physical 
requirements; i. e., Maxwell’s equations and the 
conditions at the boundary and at infinity. Some of 
these fields are rejected for physical reasons. The 
remaining fields may be termed physical fields. Only 
experiment can decide if one or several of the physical 
fields actually can exist since the physical requirements 
do not determine the field uniquely. Experiment 
shows the observed field is equal to one of the physical 
fields, ‘ 'the main wave.” Thus, at least for the present 
purpose,- it is unimportant whether or not there can 
exist the remaining physical fields, "the secondary 
mUi waves,” or any other field satisfying the physical 

requirements but not included among the main and 
secondary waves found by Sommerfeld and Hondros. 

; Hondros has shown'that the secondary waves are so 
^^|||| strongly damped that they cannot be detected even 
if they exist. Reverting to the general case of a system 
of parallel cylindrical conductors, it may be expected 
that''there are several fields, each of the form (A), 

satisfying the physical requirements, and that some of 
these fields are physical fields. Experiment may be 
expected to show that the observed field is equal to a 
field which is the resultant of certain of the physical 
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f y«F x ds = I n (1) 

Hereafter the exponential factor e~ rs+jut will be 
omitted for the purpose of simplification. The con¬ 
ductivity of the wire is y n . The integral is extended 
over the cross-section of the wire, and its value, I„, is 
independent of the location of the cross-section along 
the wire, The electromagnetic field everywhere out¬ 
side the wires, i. e., in the air and in the earth, would be 
the same as the field that would be produced there by 
currents I„ concentrated at the axes of the wires, if 
each wire were removed and replaced by the medium 
surrounding it. Consider an element of the concen¬ 
trated current I„. It produces an electromagnetic field 
that satisfies Maxwell’s equations at all points in space 
and also satisfies the boundary conditions at the surface 
of the earth. 18 The same is true for the resultant field 
produced by any combination of elements. Let F„, 
Hn be the vectors of the electromagnetic field produced 
outside the wires by all the elements of the current /„ 
alone. The components of these vectors are F x » (x, y), 
etc., multiplied by the exponential factor. The com¬ 
ponent H in can be neglected.f This permits of the 
definition of single-valued electric voltages and magnetic 
fluxes. Maxwell’s equations are (elm. c. g. s. units), 

curl H n = 4 7r y F n + K - ^ 


bt 


curl F n 


bjh 

bt 


( 2 ) 


where the constants 1 

y — conductivity 
• Ii = dielectric constant 
M = permeability 

have different values in the air and the earth, 
follows from these equations and H tri — 0 that 
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The ^-component of the electric current in the wire n 
equals f y„ F, d s multiplied by e- r, +^'. 

is, sinusoidal eleotromotive forces,- of the froqneuoy * 
atjthe conductor terminals when tlie steady state is attained. ‘ 
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where 

d * 2 
and- 1 
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by 2 


■ (4 Tr. ’j b). jj, y - « 2 jx K - F) F in 

lit: (4) 


fSoe, for instance, reference 21. 
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4 ir 7 + j co K 

The field is proportional 19 to I n . 

Let -W t . > 

■Fzn = /*» (x,y) I n ( 6 ) 

The function } !n satisfies equation (4) and consequently 
contains F. It is represented by different expressions 
in the air and in the earth, but ft is continuous at the 
surface of the earth. For a given wire n the same 
expressions apply for all waves. Thus, two waves on 
the same wire with different values of F give different 
values of f tn only because the F values are different. 
This will be expressed by saying that depends upon 
F. The value of /,„ at the x 2 -plane vertically below 
(or above) wires n and m is (/„„)„, and (/*„),„, respec¬ 
tively, see Fig. 1. 

The 2 -component of the total electric field at the 
surface of wire n is 

ZnL (7) 

where z» is the internal impedance of the wire and is 
practically independent of F. 

The magnetic flux per unit length through the loop 
abed, see Fig. 1, due to I„, equals 

bn r hn r n ft f 

J j uH xn dy = j - I n dy - (<«„/*( 8 ) 


a 


by 


a 


by 


Both (0„)„ and (<#>„)„ depend upon F. # 
The voltage to ground of wire n equals, 

i.H 
V 

hn ’ v ; . • ify 


o o 

■S'W-fit 

Jin "n 


r „). 


= Z nn (In) + Z m „ (Iin) = (Im) 


m y^u 


i=l 


(13) 

Briefly, this is explained as follows. Note that all 
quantities in equation ( 11 ) are complex quantities, 
Put V n = Y«i + j V„ 2 , etc. Multiply equation ( 11 ) by 
e _r z+jui, ea ] cu ] a te the real parts of the expressions on 
both sides of the equality sign and put them equal to 
each other. The equation thus obtained will contain 
two expressions on the left side of the equality sign , 1 
each containing a factor one of which is the time- # 
derivative of the other. A similar remark applies to 
the expression to the right of this sign. It is seen that 
the equation gives a relation between the instantaneous 
voltage and current values which are the real parts of 
V n <r Fz + # "‘, etc., so that the vector expression on 
the right in equation (13) equals the vector r (F„). 
Finally, the derivative with respect to z of the instan¬ 
taneous voltage shows that the vector relation 


r (Vn) = - 


bJK)_ 

dz 


is true. 


where h„ = ab is the distance from the surface of the 
wire to the x 2 -plane, counted positive when the wire is 
above the x 2 -plane. The flux per unit length through 
the loop due to I m is 

J" nH„dy = J- -vr^r l'mdy = (*•).!. (9) 


■ y + j co K a \ d y 

••• lv' • "*! ''! j.--. - " v : 

‘i--; ’’ (10) 

The usual application of the second equation of ( 2 ) 
gives 

P Vn = % nil In ”t~ S fmji hn (H) 

m ■■■ ■ 

where ... : - : - 

Z nn = Zn~ (/*»)« + J w (</>«)» ~ R»n + j & L nn 1 

i£, : . , 02 ) 

•' )Z m n ~ ~ (f sin)n + j CO (<j>m)n — Rmn + J w I>mn 

All terms in ( 12 ) depend upon F. Z n „ is the self¬ 
impedance of wire n. Z m „ is the mutual impedance 
between wires m and n when m carries the current. 
Bn,, (Ann) is the self-resistance (inductance). R„„ 
(L mn ) is the mutual resistance (inductance) -when m 
carries the current. All impedances Eire per'unit length. 

If (V) and (7) are the vector voltage and current, 
respectively, as they are understood in ordinary a-c. 
theory, it follows from equation ( 11 ) that 


From tbe usual application of the fact that the 
divergence of the sum of the conduction and dis¬ 
placement current is equal to zero, it follows that 

/ i co K \ 

r 7„ = 2 7 r r ( 7 + j F 

where r is the radius of the conductor n and F' the 
component, normal to the surface of the conductor, of 
the total electric field immediately outside this surface. 
The total leakage current from the conductor per unit 
length is 2 r r y F\ The total electric charge on 

K ■■ :' x v 

the conductor per unit length is 2 it r F\ The in-; 

tersection between a plane z = constant, the surfaces 
of the conductors, and the surface of the earth con¬ 
sists of a number of circles and a straight line. The 
voltage on each circle is constant. If, as an approxi¬ 
mation, the voltage on the line is assumed constant, 
it follows by comparison with familiar electrostatic 
methods* that 


r In = 2 @ mn y, ‘ 


m «1 


where / 3 ,„„ = p nm and both are complex coefficients 
independent of F. Consequently # 


Min) 
' b z 


- : v< u) 


Equation (14) can also be written y 

~(A nn +j co C0m + 
o z 


*Negleoting 7 , ia the dielqotrio, r div. F — 0 . 
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then 


Since 

- • 

thus 


Zmn = Z n 


R mn = R 

tfln ~ R 


r «H* 

f nm 
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2 ,, ' . ' . ' , ' T • , , c | ents in equations (13) and the corresponding coeffi- 

( ' mn + 3 w L ' m * 3 l C E n ) - (Vm) J (15) cients in equations (14) were all equal, the addition of 

, mft,t , equations (13) and the addition of equations (14) show 

where the coefficients A and G are the leakages and that these equations apply to the total values of the 
capacities per unit length, respectively. voltages and currents. The coefficients in ( 12 ) are, 

It however, unequal for all waves with unequal values of 

(16) r2 - The equations do not apply strictly to the total 

values of the voltages and currents, except in the case 
1 (17) when only two wavds exist with the propagation 

J constants r and — r, Por most practical purposes 

it will be necessary to make an approximation. 

(18) The approximation mentioned consists in the use 
of equations (13), (14) and (15) in which the vectors 
1 .. . (19) denote total values, and equation (16), it being under- 

^ ^nm . ? stood that it is desirable to determine experimentally 

The general validity of equation (16) has not been tiie Citations of such a procedure. The equations 
investigated here. 16 In the following case the equation are ^ ien identical ,in form with the equations of the 
holds. In Fig. 1 let n = 2. The flux per unit length e ^ ementary theory. The present theory represents an 
through the loop ab c d a due to the current Ii = 1 is advance, at least in so far as the effect of the finite 
hi _ . conductivity of the earth manifests itself in the coeffi- 

(<A) 2 = f - --—I- d cients. The theory gives a physical picture of£the 

J cl hn « phenomena occuring in the conductors and in space. 


fin. 


fin 


Amn ” 

G nn == C n 


The voltage to ground at wire 2 due to J, - 1 is 
r d/A * 




;4 t y -f j d) K a. d y 


dy 


± 5 - 


Let /,, (ht) represent the value of the function at the 
surface of wire 2. The second equation of (2) gives 


Positive Current Direction 
(a) 

Fig, 2A 


- 2 
3J 


jy..- V: v/jl2T. •? :,•••• .. 

. f'l Qh) - CAi)s = (d>i>2 - 'j U (f/),) 2 

If T =, 0, then 


1 ! "'tM 


f nl {hi) — — Z\i ■ 


cue to Jj - 1 equals the negative value of the mutual 
impedance. The z-component of the electric field at 
the wire 1 due to It = 1 equals • 

I'., ' , • 1 .. 1 ■ 1 J : '<’ . r : - 

(hi) == - Z 2 1 
fti (hi) ~ As-(hi). 
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bn = 622 

613 — f>24 

614 = ?>23 


bn = 642 

6 32 — bn etc. 

633 = bn 


( 21 ) 


Let A and B be two sections, see Fig. 2b, such that 
equations ( 20 ) and ( 21 ) apply to each of them but with 
constants & differing on account*of changes in the earth 
conductivity, the geometry of the system, and so forth. 
The changes in the geometry may be due to trans¬ 
positions, see Fig. 2c, different spacings, different 
distances from the ground, etc. There will be a rela¬ 
tion ( 20 ) between the quantities at 1, 3, 5 and at 2', 
4', 6 '. A similar relation will hold between the quanti¬ 
ties at 2', 4', 6 ' and at 2,4, 6 . Eliminating the quanti¬ 
ties at 2', 4', 6 ' gives equation ( 20 ) where b nm = b m „, 
but equation ( 21 ) no longer holds. If several sections 
are added in this way, the result is always equation ( 20 ) 
with b nm = b mn . 

Let A, Fig. 2d, be a system, composed of one or 
several sections. At one end of the system are im¬ 
pedances Z 1 and Z 2 (e. g., loading coils); they may also 
have a mutual impedance Z u ( e. g., booster trans¬ 
former). One wire may be grounded through ap 
impedance Z (e. g,, ground wire). Between the quanti¬ 
ties at 2", 4", 6 " and at 2, 4, 6 , a relation ( 20 ) holds, 
which together with 


mately, the conditions at the ends of the system wherg 
the considerations of the paper do not strictly appjy. 
This resistance R also should be included in Z in Fig. 
2d. If the points 4 and 6, see Fig. 2a, are connected by 
an impedance Z h then 

n = - huZi = » 4 - »e 

and so forth. In this connection the following may be 
noted, see Fig. 2a. The wires I, II, III, may continue 
to the right of the points 2 , 4, 6 . The system to the 
right is then the termination of wires I* II, III at these 
points. . • ■ ? 

It is possible to determine the coefficients b in equa- 4 
tion ( 20 ) by experiment . 18 These equations are of 
fundamental importance and, together with their con¬ 
sequences, permit of important applications . 18 At 
first sight the great number of coefficients to be deter¬ 
mined would seem to hinder applications, except when 
the number of wires is small. Fortunately this is not 
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Fig. 2D, 2E 
■ Power Circuit 
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+ Z\i\ + Z\i it 
Vd' — Vi' -f- Zi it T Z 12 it 
permits the elimination of the quantities |t 2", 4", 6f. 
The result is equation (20) between the quantities at 
2', A', ;6 i and at 2,4, 6 where now some of the coefficients 
b will contain Z u Zi, Z; etc., but still remain such that 
bmn, . If the system A, including its equipment of 

terminal impedances Z h Zi, Z, etc., is connected to 

v ^ A Ih (p leiflfl Frrr 9r\ f'hoVdcinlf io hfi}} ntl 

Fig. 2e, it 

is easy to show that there is not a sufficient number of 
equations to permit the elimination of the quantities 
at 2', 4'. Equation (20) does not apply in such a casey 
If necessary, divide a system into sections soAhat 
equation (20) applies to each section. The terminal 
conditions of such a section will now be considered. 
The wires may be interconnected at the ends* ground 
connections may also be used. For instance, the point 
3, Fig. 2A,(Jmay be grounded through an impedance Z. 

Then .■■*.■ ' - 

Vi = — it {Z Rf ' ■. ’ 

where R is the ground resistance of the grounding device. 
This resistance is included to correct, at least approxi- 



!* 8 


. . ' 1 


Exposure j 

(0 

Fio. 2F 


the case. It is possible, for instance, in a lead contain¬ 
ing a large number of wires, to study the currents and 
the voltages to ground at the ends of one wire, or the 
currents and the voltages between two wires at the 
ends of a loop of these two wires, by measuring only a 
few coefficients. This has been shown in a few cases , 18 
which correspond, for instance, to the propagation of 
voltage apd current along a single telephone wire, or a 
loop of two wires, from the end A, see Fig. 2f, of an 
exposure between power and communication circuits 
to a point B, where the currents and the voltages may 
be of interest. There are also other cages when a study 
can be made by measuring relatively few, coefficients, 
as can easily be shown by methods similar to those 
■> employed in the paper referred to . 18 Thus, for instance, 
the voltages and the currents induced in a single wire or 
a loop (of; two Wires in a lead can be studied by com¬ 
paratively few measurements, ’A ■ , 

In conclusion, some remarks will be made'regarding 
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'application of equation (20) to problems of induc- 
tei?SSl^tiv e coordination between power and communication 
'.''circuits. * 

It is customary and useful to distinguish between 
uniphase and balanced currents and voltages on a power 
system and consider the induction on a telephone sys¬ 
tem due to them separately. It is seen that the 
coefficients b are applicable both to uniphase and 
balanced induction. Once the uniphase and balanced 
components are known in magnitude and phase at the 
ends, the inductive effects can be found by using the 
„ same coefficients b. It is not necessary to use separate 
coefficients for balanced and uniphase induction. This 
facilitates experimental work and analysis considerably. 

The impedances of loading coils, booster transformers, 
etc., appear in the coefficients b, as seen above. The 
effect of the line proper can be determined, if all these 
devices are short-circuited. If the coefficients are then 
determined with these devices their influence can he 
found. 

The coefficients have to be determined at different 
frequencies. ' At a given frequency they will, presum¬ 
ably, depend upon the current density when iron is 
present in the circuits. 

It is possible to calculate the coefficients b for a 
simple system, assuming the earth to be a perfect con- 
y ductor, or very remote. If the coefficients are measured 
;;l the comparison between the measured and calculated 
y coefficients gives an idea of the effect of the earth. 

The irregularities in the geometry of the system, in 
the earth's conductivity, and so on, appear in the coeffi¬ 
cients b, determined experimentally. This is of very 
_, Wlt; great importance, particularly for the voltages between 
two neighbouring wires. If, as is often done, their 
pfeyf.;:' voltages to ground are calculated by some method, even 
SIS . $ S reat accuracy,, then the difference between these 
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CHANGING TAPS ON TRANSFORMERS UNDER LOAD 1 

(Hill) ' 

CHARACTERISTICS OF INTERCONNECTED POWER 

SYSTEMS AS AFFECTED BY TRANSFORMER 
RATIO CONTROL 

(Blumb) 

LOAD RATIO CONTROL EQUIPMENT 3 

(Palme) 

Pittsfield, Mass., May 26, 1927 

E. F. Gehrkens: The subject of voltage control is an 
exceedingly important one and it was so recognized as far back 
as 1882, at which time an automatic generator voltage regulator 
for d-c. machines was developed. 

When the a-c. system was introduced and large generating 
units were built, two types of feeder voltage regulators were 
developed,—the switch or step type and the induction type. 

Each design has its advantages and disadvantages, and in 
order to eliminate the disadvantages so far as possible, as long 
ago as 1898, a combination of the two was designed and built 
for the control of electric furnaces. 3 

This combination is justified only in case large regulating 
units are required, and the delay in the development in this design 
was due partly to the lack of sufficient demand to warrant the 
expense and to difficulties of design; for although the theory 
and connection diagram are simple, the mechanical design is 
extremely difficult. Previous to 189S induction regulators hav¬ 
ing capacities of 700 lew. were also built for the same purpose 
and while the latter was the more simple in design and operation, 
the former was* less expensive and more efficient with a better 
power factor. 

For lighting systems requiring relatively small regulators, the 
induction type is the recognized standard because of its simplicity 
and low cost, but for power and interconnecting lines requiring 
large regulators, the selection of the regulator depends upon the 
requirements and the cost. In design, the induction type is 
limited to approximately 13,000 volts, and for use on higher- 
voltage systems it requires an exciting and a series insulating 
transformer. This increases the cost and the losses. The switch 
type can be built for use in much higher voltage circuits and 
therefore has the advantage. 

In the combination of the switch and induction types, Urn 
switch element may bo used in a high-voltage circuit, but the 
induction element requires the insulating transformers or 
transformer windings. The choice between the switch and the 
combination type of regulator depends again upon,,the require¬ 
ments; On long single linos, or even on long multiple inter¬ 
connections, it would seem that the swritch typo should be satis¬ 
factory because of tlie high resistance and reactance of such 
lines, but for short lines or a-combination of short and long linos, 
a more uniform voltage change may be required. In case the 
regulators are operated by hand or motor, a finer adjustment 
can be obtained by the combination type, but in case this type 
is operated automatically, about as close a regulation as can be 
S;obtained is one per cent either way from normal; that is, the 
combination type of regulator corresponds to the switch type 
having one per cent steps, and on this basis the deckling factor is 
probably the price. 

The switch or step type is certainly the simpler in construc¬ 
tion and has a higher efficiency and should therefore be used 
wherever conditions warrant. 

Mention was made of the desirability bf in-phase and out-of- 

1. A, I, E. E. Journal, Novembotv 1927, p. 1214. 

2. A. I. B. E, Journal, November, 1927, p. 1202. 

3. See Electrical World, January 7, 1899. 


phase control for parallel connecting lines. The results obtain¬ 
able by the use of tw r o polyphase induction regulators were fully' 
illustrated and described in the London • Mleclndan of Nov. 6, 
1914, but the system has not been general adopted by operating 
companies because of the cost and the difficulty of making this 
arrangement automatic. However, as the multiplying of lines 
increases and the necessity of controlling both the wattless and 
the power current in such lines is recognized, this arrangement 
will undoubtedly be more generally used. 

F. F. Brand: Mr. Hill has outlined very w r ell in his paper 
the different methods in use for changing transformer taps under¬ 
load, and he has brought out the difference between the two^ 
principal schemes—the one of using parallel circuits, and the- 
other of using the preventive reactance or auto-transformer. 

I am inclined to take issue with him on the application of two- 
different schemes, as I*would consider that the scheme of using 
the preventive auto-transformer to derive mid-voltage between 
taps is more applicable to small transformers, and the other 
scheme of using parallel circuits is better adapted to large 
transformers. . 

For a 20,000-kv-a. transformer with taps 5 per cent apart,, 
and with a preventive reactance used to derive the mid-point,, 
the nominal size of the reactor is approximately 1000 kv-a., and the- 
losses in the reactor would be of the order of 10 to 20 kilowatts*. 
Furthermore, on this scheme in those positions in which the 
preventive auto-transformer is used to derive the mid-voltage, 
there exists a circulating, current which is constant irrespective 
of load conditions, and the losses in the reactor and that portion 
of the winding through which the circulating current Hows must 
be considered a part of the light-load transformer loss. 

Also the use of the preventive auto-transformer to derive the 
mid-point does not give equal voltage steps, and a difference in 
the voltage derived from the true mid-point is greater the louver 
the power factor. For instance, at 80 per cent power factor and 
full load, the voltage actually derived is of the order of 1% per 
cent from one tap and 3 % per cent from the other tap instead of 
2 X A per cent from each. 

Bettor conditions of obtaining tiio true voltage required are 
obtained if the circulating current is increased, but this obviously 
increases the losses in the tap portion of the transformer, the size 
of the tap portion, and the size and losses of the auto-transformer. 

It is quite true that the preventive auto-transformer scheme 
enables a slightly simpler winding to be used than parallel 
circuits, although it should be understood that it is not necessary 
in the parallel-circuit scheme to provide two complete parallel 
paths throughout the total winding. It is necessary to parallel 
only a portion of the winding to obtain sufficient reactance be¬ 
tween these portions to limit the circulating current to a reason¬ 
able value in the transfer position. In fact, modern practise is 
to use a single-circuit winding including the tap portion and a 
parallel-circuit portion sufficient to obtain necessary raactance 
between these parallel portions. There are, therefore, only nine 
taps on a winding designod to give nine voltages, each tap being * 
carried through two ratio adjusters respectively connected in 
circuit with the parallel portions. * 

When it is considered that in order to obtain the necessary 
reactance control, paralleling portions of the winding is unde¬ 
sirable, the preventive reactance, or auto-transformer, connected 
externally to the transformer winding, may be used. Ratio 
adjusters are used to select the taps, and the normal operating 
position is with both ratio adjustors on one tap. The current ;| 
then divides in the halves of the preventive reactance, and the 
ampere-turns neutralize one another ; therefore, the voltage drop .=)>£ 
is practically negligible. This scheme cuts the size of the pre¬ 
ventive reactor to half that of when the’reactor is used to derive J; 
the mid-voltage between taps. The losses are therefore less* 
and circulating current exists only at the time of transfer. ' • ! ; 
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The question of whether or not it is desirable to reduce the 
number of operations depends principally upon the reliability 
of the apparatus to accomplish the tap changing. To my mind, 
the elimination of oiroulating-current losses at periods of light 
load, and the fact that one obtains an exactly equal division in 
voltages by the plan when the normal operating position is always 
at both ratio adjusters on one tap, far outweighs the slightly 
more complicated operating mechanism. 

Referring to Mr. Blume’s paper—it seems to me there is a good 
opportunity for the combination of load-ratio control trans¬ 
formers and synchronous condensers on transmission-line work, 
As he lias pointed^mt, there are certain advantages in each typo 
of control. The synchronous condenser has the advantage of 
controlling power factor, and therefore the possibility of reducing 

• the losses. If used in combination with variable-ratio trans¬ 
formers, it is quite possible to reduce the losses under certain 
operating conditions; for instance, on the light-load condition, 
a synchronous condenser, if used to cqritrol the voltage draws 
lagging current, increases the line current and line losses, and the 
losses in the condenser of course increase as the current increases. 
When using a variable-ratio transformer, it should be quite 
possible to do away with lagging requirements of a condenser, 
except, perhaps, when it is necessary to hold’down voltage on 
a long, lightly loaded, high-voltage line, when the voltage 
increases due to capacity charging current, 

With a variable-ratio transformer it is possible to reduce 
; leading kv-a. requirements of the condenser. That is, in the 

case of lines of very poor regulation it is not necessary to raise the 
power factor to unity or to leading in order to maintain proper 
voltage regulation. The combination of these two, that is 

• condenser and : variable-ratio transformer, may easily result in 
both cheaper equipment and very muck lower losses over the 
average operating conditions, 

H. O. Stephens: At$rst thought, one would be inclined to 
question.why so many different methods of changing transformer 
voltage under load aroused and if it would not be better and more 
economical in the long run to standardize upon one method? 
This is a perfectly logical question, but the very nature of the 
object to be accomplished makes it very difficultvto> standardize 
upon one scheme that would be universally applicable. The 
variations in voltage and ourront are so great that one type of 

liiVAimi^n fowiVnfiln « COT il..__it j.iI J- 

) as'-wq 

> keep the number of circuit-interrupting 
devices as small as possible for the sake of economy and size. r. !■' 
Additional complications, such as auto-transform or conneo- 
tipns, tertiary -windings, oto., that may bo introduced into the 
^Mnkfnrnt^ 4A«‘f nk ^ven considerable 

r;|}tiis very desirable 
* possible and considerable 
> users pf; the apparatus 
meet the exigencies 

s a tendency among certain operators to demand 


percentage in tap variation can readily be accomplished by fclie 
multiple winding scheme of transformer operation, 

W. M. Dann: I think Mr. Stephens has hit the nail very 
squarely on the head when he talks about standardization of 
tap - oh angi ng-u nder-1 o ad equipment. Of course, this field of 
tap-changing under load is really in its infancy in spite of tlie 
pioneer equipments that have been in use for several yectrs* 

The trend in the design has been very much toward simplifica¬ 
tion and standardization. I am very much in sympathy witlx 
Mr. Stephens’ remarks about the demands of the industry itself. 

If we can get the operators to simplify some of those demands oncl 
make use of equipment that lias already been designed and 
installed, it will help very materially towards that ideal of 
standardization. 

K. A. Oplin^erj It is unfortunate that no standard termi¬ 
nology exists upon the general subject of changing taps on trans¬ 
formers under load. Equipment for this purpose is usually 
called a tap changer but at other times the fcorm "ratio adjustor M 
is used. The N. E. L, A. has started to collect data ou equip¬ 
ment for controlling the voltage ratio of transformers under load 
and already a number of reports have been published covering 
these data. Although this equipment has developed very rapidly 
during the past two years, it is now fairly well standardized and a 
uniform terminology would he very desirable. 

For example, the single-winding raothod, as described in tlxo 
reports mentioned above, now appears in Mr. Palme's paper 
under the title of "multiple-switch method, 1 ’ This method lias 
also been called the "proventive-auto-transformer method 1 * 
because a preventive auto-transformer or protective reactanco is 
switohed along the transformer taps. This method was one of 
the first employed to change transformer taps under load. 

The term "single-winding method” appears to be most appro— 
priate for this particular scheme as ibis comparable with the term 
f double-circuit method” which requires double windings on hlxo 
; transfbnhcrv 4/ / : y;4 . : v 

Iti Mr. Palme’s comparison of tho single-phase tap changer and 
the Separate three-phase regulating transformer there are several 
additional items which might be added to this comparison. Tlxe 
over-all efficiency of tho transformer hank will be lowered by tlio 
separate regulating uni^, duo to the additional losses in both tlio 
exciting and the series transformers. Furthermore, if a separate 
regulating unit is used, provision must be made of the additional 
leads required between the transformers and the regulating unit. 

Although it is pointed out that the separate regulating unit 
isolates the switches and permits operation of the power unit 
tliqregulating unit,;these features may also be obtained 
if single-phase tap changers are used with all switches external to 
the transformer tank. 

With reference to the automatic control of tap changers, an 
interesting application is under consideration at the present time 
in which the tap ohauger will automatically control the flow of 
wattless kv-a. between two generating stations in inverse pro¬ 
portion do the load on the two stations. A transformer with 
„ : -v’ .— equipment for ohangingjaps under load is to be used as a tio-in 

iklnfril wii f ilT lransf ° rmcra pipped with between the two, stations and as the load on one BtotfdaJr. ■ 

^ V0 ' 1U ^ creased the, tap phatiger ^vitt automatically Operate to transfer i 

automatic operation is specified, taps m steps less the wattless kv-a. to the otliop station,. ^Thia^ame control might 

iiilb should also be arranged to regulate the wattless kv-a, in direct propor- 
tn be tion to the lpad ^ vo stations. . : - v 

Other methods of automatic control may be arranged to have *4 
^ ^ of wattless kv-a. between. . 

responsiveto changes4 

• Lennox:Mr. Hill brought out ope point that I think ,i© 
good one', and tjialv is that vvitli the paraheL-windiijig 
1 %e4ransfonp.er must be protected against an accident al 
of;: the mechanism leaving a load on one-half of the 

?...;||tJs’for iih&t, reason^ ; thii|]S:i|tihafe.^(ie' pgrallel-cirouit • S' : Millll 

l has developed into what Mr; Hill calls a single-winding 
but distinguished front ih» arrunu**it.ui:t tho* Mr. trill / 
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has described in his paper by the fact that the circuits are broken 
in a separate device from the one that changes the tap connec¬ 
tions, and by so doing, it is possible to place inside the trans¬ 
former adjacent to the windings, a tap device of such simple and 
sturdy design that it involves no maintenance problem, and 
permits the use of small steps. Therefore, there is low deteriora¬ 
tion of the contacts in the contact-making device placed outside 
the transformer tank and easily accessible for renewal of contacts. 

L, H. Hilli Mr. Brand made a comparison of the two 
methods employed, the single-winding method and parallel- 
winding method, and he mentioned the increase in loss by the 
use of the preventive auto-transformer. It is obviously true, 
that additional loss will be introduced by the introduction of 
additional apparatus. However, with the parallel-winding 
method, additional loss is also introduced in a more indirect 
manner. Reactance is required to effect the tap change regard¬ 
less of the method used, so that if the parallel-winding method is 
used the windings must he so arranged and so interlaced that 
sufficient reactance will be obtained between them to limit the 
current to a reasonable value during the transition period. That 
ordinarily moans making the core of the main transformer larger 
and naturally introduces additional loss, although as a general 
thing it is true that it is not as large as would be obtained by 
means of the preventive auto-transformer. 

He also mentioned that in the single-winding method using the 
simplified preventive auto-transformer, unequal steps were ob¬ 
tained. Naturally, when the equipment is operating with one- 
half of the preventive auto-transformer in series with the line, 
it acts as a small series reactor. Since the drop is almost entirely 
reactivo it is subtracted from the theoretical tap voltage at right 
angles, which at the higher power factors does not cause any 
appreciable unequality in tap voltages. The difference in 
reactance obtained on the two different operating positions of the 
preventive auto-transformer must be taken into account, 
however, under certain conditions of paralleling. 

For example, assume a transformer with four per cent imped¬ 
ance, and with a two-one-half per cent tap, or five per cent in volt¬ 
age across the whole winding of the preventive auto-transformer. 
The impedance volts at full load through one-half the auto- 
transfo^mor in series with the line would foe' about oiie per cent 
or ah increase in reactance from four to five per cent on alternate 
taps, which would not give good paralleling horidltioiis with a 
transformer wliidh did not uso the preventive auto^trartsformer. 

■ However* with a transformer with eight per cent impedance, the 
change from eight to nine per cent impedance would be pro¬ 
portionally less, and can be compensated for by making the 
impedance of the main transformer winding midway botwoon the 
two values^ giving good paralleling conditions, i , 

In cases where very close paralleling is required or even assum¬ 
ing conditions whore the transformers are to bo operated at vory 
low power factor', when the impedance drops and unequality 
of steps might be of some importance, it becomes a simple 
matter to use the short-circuiting switch shown in Fig. 3 of my 
paper. 1 In that case, the series impedance drop is eliminated 
^entirely. ’ ■. r .■ r v : i : 

Tlieso'•things are merely a matter of do tail design, and.we'feel 
the same as Mr. Lennox, that the two methods*.single- or. parallel- 
winding, could be changed from one to the other at will. The 
point is that the mothod using a preventive auto-transformer is 
fundamentally a single^winding method as distinguished from a 
parallel-winding method. A number of variations of the.single¬ 
winding method are possible. For conditions of ordinary design, 
the range in taps to be obtained is generally not more than 20 or; 
possibly 25 per cent in steps which ordinarily would npt. require 
i more than 6 circuit breakers. * 

If it is desired to cover a very wide range, for example, 100 
per cent range by this method, it is true it would not be desirable 
to add 5 or 6 more switches, as it would make a large and exf 
pensive mechanism. In this case, the switches in eaoh tap lead 
may be contactors or some sort of ratio adjustors with auxiliary 




circuit breakers in the two end connections to the preventive* 
auto-transformer to open and close the circuits. Even with this 
type of equipment the few taps required by the single-winding 
method make it possible to place all switches outside of the main; 
tank, so that all moving parts are external tq the main cose. 

In all the equipment which we have built with the exception 
of the early installation using the parallel-winding method, all 
switches were outside of the tank, and our policy in now building 
the single-winding method exclusively is based on experience wi th 
both types. We have built these 20,000-kv-a. single-phase units, 
which are large units, with the parallel-winding method, and we 
have built units up to 26,000 kv-a, with a single-winding method, .-. ! , 
and we are now building some 33,000 kv-a, single-phase Units v 
using the single-winding method. • . • 

A comparison of the parallel-winding method and single-wind¬ 
ing method when used to obtain a typical range of eight, two , 
one-half per cent taps may be of interest. . 

With the single-winding method five taps and five switches f 
are required. With the parallel-winding method, nine taps are 
required in each winding or a total of 18, malting almost four 
times as many taps and switches. 

The measure of the inherent reliability of equipment for a • 
certain performance is based on the amount of apparatus and 
moving parts required and the amount of operations of that 
equipment, and the amount of circuit Interruptions of that 
equipment are a measure of the maintenance required and 
performance to be expected over a long period of time. v To 
change taps by means of the parallel-winding method there are 
required at least six switch operations, whereas but ono is required 
with the single-winding method, or in case the short-circuiting 
switch is used* there are but two^VVV 
In the case of the pai’all el-winding method there are two 
circuit interruptions per tap change. In the ease of the single¬ 
winding method a circuit is closed instead of opened on every 
alternate tap change giving the equivalent of one-half a circuit 
interruption per tap change over the whole range. 

With the parallel-winding method, it is not commercially ; 
practical to build each of the windings capable of carrying tlid 
whole load current continuously. Each winding is overloaded 
during the tap-changing operation and a protective systeni ;? ik ; 
needed to protect the windings in case of accidental stoppage Of^; 
thA eqxiipment' during a tap-changing operation. With the f 
single-winding method no winding is overloaded during the 
M tap -changing op era ti on. : . . ^ • 

The few taps and switches needed with the single-winding 
method permit mounting all moving p arts outside of the main 
tank* which is desirable from the Standpoints of inainteiianoe," 

:pperatibn;and;^afety, >■ . . ; • U" 

The equipment developed for use with the single-winding 
method is very simple. Proper sequence of all switch operations 
is assured by positive mechanical drive using simple gears and 
linkages. 

In the parallel-winding method, there is a great amount 
of mechanism needed inside the tank which must be connected to 
the opbrating. mechanism outside, in order to assure, proper ’ 
sequence of operations between the internal switches and the , 
ex tern al circuit breakers. f t , > 

! > The statement' has been made that the paraUel-wifidii|fe 
method is more applicable to large units. I have aiready ■ tne 
tioned some of the large units which have been built 
single-winding method. We recently built some' 
units rated at 20,000 kv-a. water-cooled (25,000 ky-a. fprced-; 
cooled), single-phase on each winding. They were pranged 
.change taps under load on two windings, one 66-kv. and the other 
132-kv. solidly grounded. To change taps with the single- 
winding method, five switches are used;in the grounded end of 
eioli winding The transformer has but few taps in it, a sipgle 
winding, (no . complicated interlacing of paralleled sections), 
and the two preventive auto-transformers are mounted' at each, 
end of tho core, making a vofy simple arrangement for handling 
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one' of the largest and most complicated cases of tap changing 
under load likely to bo encountered, 

With the parallel-winding method a very complicated trans¬ 
former with a great number of taps would result which would be 
very difficult to bring out. It would be necessary to interlace 
two 132,000-volt windings and two 66,000-volt windings, giving 
the equivalent of a 5-winding transformer, which is a simple 
3-wincling transformer when the single-winding method is used. 

Tho separate regulating unit has been proposed as being 
desirable for such cases and that is undoubtedly true if the 
parallel-winding method is used, because it is very undesirable, 
in fact impraq^icable, to build such a transformer with the 
parallel-winding method while it is entirely practicable and 
simple to do it with the single-winding method. The single¬ 
winding method can be applied to any size and rating of trans¬ 
former by the use of the series transformer for very high-voltage 
applications. 

The separate regulating unit haj certain definite fields of* 
application, for example, where it is desired to use the voltage- 
control equipment on different parts of the system, or where the 
main, units are already installed and additional control is desired. 

- However, in. tho ordinary installation of single-phase units the 
tap ohangers can be put on each of these units including the 
spare, giving a very simple, reliable and efficient form of 
installation. 

It is true that when the spare transformer is used there are 
four separate mechanisms to operate with each bank, If a 
separate three-phase regulating transformer is used, as was 
.mentioned, it is necessary to install underground or overhead 
structures to connect to the main units which, fcf course, increases 
the installation-costs and space required and introduces far more 
losses than the preventive auto-transformer introduces with the 
single-winding method on the main transformers. The separate 
regulating unit generally has two cores, an exciting transformer 
and a series transformer, which obviously are much larger than 
in the auto-transformer used with the single-winding method, 
and naturally introduce a very considerable operating loss. 

The regulating unit has the advantage that it does keep all tho 
moving parts outside of the main transformer case, which is 
very desirable. Blit, the same thing is done with the single- 
winding method on the main units. The three-phase regulating 
unit has the additional drawback, that no spare tap-changing 
equipment is available as is the case when four single-phase 
transformers or seven single-phase unite are used. Spare 
tap-changing equipment is becoming almost as important as spare 
capaci ty for the tran sformer! 

There is one other place where the separate regulating unit 
might be desirable, In case the three-winding unit first men- 
A;■ tioned bad been arranged with an ungrounded neutral, so that it 
would be necessary to use the series transformer, in order to 
keep the tap-changer voltage down to a low value, thou it would 
require two series transformers, in each winding. The series 
transformers are ordinarily placed inside the tank, along with the 
preventive auto-transformer and that would make quite a large 
number of transformers all in one tauk. In tho case of such a 
very special application it might he desirable to use a separate 
• regulating unit, but even then, the single-phase regulating unit 
for the reasons just mentioned, has some advantage over the 
three-phase unit. Single-phase unite of that type are now being 
built. * : : 

Mr, Stephens mentioned that on account of the steps required# 
it spems hardly necessary to use tjie step inductidn^egulatbr 
equipment. That is true perhaps in many oases from that pomitU 
of view, although oh account of the fact that ho Circuit inter¬ 
ruptions are required for a tap change it is very good from a 
maintenance point of view, since it may be operated very fre¬ 
quently without any deterioration on the contacts or oil as would 
be the case with any step type of equipment, for this reason it 
is well suited for electric furnace operations shoh as Mr Palme 


V..- / ' V ' 


mentioned, or in synchronous-converter or certain automatic- 
substation applications. 

L. F. Blume: In the paper by Mr. Hill, mention is made of 
the use of a preventive auto-transformer bridging across adja¬ 
cent transformer taps, This auto-transformer is described as 
being physically of a relatively small size, but designed to operate 
at high-flux density. Operating with one contactor open, with 
the entire load current flowing in one 'winding of tho auto-trans¬ 
former, the saturation of the iron in the reactor prevents exces¬ 
sive voltage drop. 

I am inclined to belieVo that this method of operation is open 
to the objection that the saturation of the iron in apparatus 
connected in series with a circuit introduces serious wavo dis¬ 
tortion in the line voltage. 

Before coming to the conclusion that the arrangement having 
tho fewer number of taps is to bo preferred to tho one using a 
greater number, consideration must be givon to a number of advan¬ 
tages which are obtainable by the use of more taps. First, by 
increasing the number of taps, it becomes possible to reduce the 
voltage short-circuited and also makes it possible to avoid having 
a circulating current in an operating position, both of which 
materially add to the electrical efficiency. 

Second, increasing the number of taps roduces the energy 
which must be ruptured, and on this account both the wear on 
contacts and the deterioration of oil are effectively roduood. 
The result of this is that contacts and oil must be changed less 
often when more taps are employed. 

Although theso arguments are negligible when ratio control is 
used for relatively small kv-a., in tho larger equipment they 
become very appreciable and cannot be ignored. 

F. H. Thomas: The tap-changing transformer is ip many 
ways a substitute for the synchronous condenser. It is a simplo, 
cheap and effective method of accomplishing the same results 
under certain conditions. The great valuo'of our synchronous 
typo of apparatus, however, is its automatic quality, Wo 
can set it in a system with the proper regulators and then changes 
that have to be made duo to changes in load and accidental 
conditions will occur automatically, In tho most modern ap¬ 
paratus or in apparatus which is to bo built hereaftor, they occur 
sufficiently quickly to prevent synchronous apparatus dropping 
out of step. 

This is an entirely different thing from adjusting conditions by 
hand to reduce power factor or to get a satisfactory voltage for 
customer circuits. 

To have the tap-changing outfit the equivalent of the syn¬ 
chronous condenser for this sort of work, it is necessary that it 
be able to operate quickly enough to produce the necessary 
changes before the loss of synchronism and other tilings which we 
fear when sudden load conditions occur. That is ono of the sides 
of tho question that must be studied very carefully, the speed of 
action and the automatic control of the tap changes, It may bo 
in response to voltage; it may bo in response to power transmitted 
over somo circuit; it may be in response to power factor; it 
may tako account of positive and negative power factor; it may 
be dependent upon circuit-breaker operations, or many other 
conditions,—according to the particular place in which tho tap 
cliauging is to bo used. 

Take, for example,, a tie line between two largo systems which % 
must pass current backward and forward, according to the varia¬ 
tions of load, perhaps at different times of the clay. That is an 
exceedingly exacting duty on a transmission line and transformers 
and calls either for a wide change of power factor if the voltage 
.. is to be maintained constant at the two ends with a eliango in 
direction'^! the load, or a change of tap ratios. 

If the large systems are to operate successfully in parallel, 
relying on the use of tap ohangers to control* the interchange of 
Power backward and forward, without disturbing voltages, they 
must act very rapidly, and they must act under the control of 
the necessary factor to produce such a result. 
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I don't know just how successful the present apparatus will be 
in that sort of thing, and I wonder if some of the authors could 
give us a little information as to what extent the tap-changing 
operations can be counted upon to meet accidental and auto¬ 
matically controlled changes in load. 

L. H. Hillj Many types of automatic control to meet more 
or less steady-state conditions have been developed. The 
only installations in service that I know of are responsive 
onty to voltage changes. The six 12,000-kv-a. units, illustrated 
in Fig. 6 of my paper, are operating, under automatic control 
and maintain the bus pressure approximately constant. Under 
automatic control the tap-changing equipment is of course sub¬ 
jected to considerably more severe duty than would be met with 
under ordinary manual control. Under manual control, the 
tap-changing equipments in operation generally average not 
more than five operations a day, whereas under automatic 
control they may operate ten times as many. 

To eliminate unnecessary operations and avoid hunting it is 
desirable to insert some time delay, tho length depending on the 
application. 

It is also perfectly feasible,to work out automatic control to 
transfer the power at a constant power factor. 

Mr. Oplingor mentioned a case where the tap changer will 
automatically control the flow of wattless kv-a, between two 
generating stations in inverse proportion to the load on the two 
stations. There are almost an infinite number of arrangements 
that can be used for automatic control under these more or less 
steady-state conditions. However, for the purpose of using 
tap-changing equipment to effect the stability of a sy.st.ein under 
transient conditions, the present equipment is hardly adequate, 
because the ordinary tap-changing operation requires a matter 
of seconds. With our equipment, it requires about four sec. to 
chango one tap, * It would be entirely practicable to increase 
this speed porhaps to one sec., which would even then be hardly 
short enough to do much good under transient conditions. 

Mr. Blume in his later discussion mentioned that when the 
auto-transformer is connected in series with tho line it might 


give trouble, due to harmonics. I think Mr. Blume is confusing 
some of the earlier auto-transformers which we used and which 
were provided with the short-circuiting switch. When the short- 
circuiting switch is used the auto-transformer can bo used 
working high on a saturation curve, so that it saturates under 
double-load conditions but in that case it is short-circuited when 
in series with the line, so there is no voltage available to put 
harmonics on the line. 

When the an to-transformer is used in this manner without 
a short-circuit switch, then as mentioned on the third page of my 
paper, the auto-transformer is provided with air-gaps in its core, 
so that the core does not saturate and a straight-line characteris¬ 
tic is obtained, 

L. F. Blume: I wonder whether Mr. Thomas in his discus¬ 
sion did not have in mind more particularly the longer high- 
voltage lines. As far as 1 know, the use of tap-changing equip¬ 
ments has been applied for the most part to the shorter lines, 
by which stations not veiy far apart are interconnected; 
where the power to be transmitted is large, and where the re¬ 
actance between stations is not great, as it is in very long-distance 
transmission lines. 

In long-distance transmission, the effect of capacitance and 
of lino reactance introduces problems which were not considered 
in the paper. It was assumed that line capacitance could be 
neglected, and that the amount of line reactance was insufficient 
to introduce the question of stability. 

In the longer lines, whore tho reactance is high, the paper shows 
that the higher reactance means that the kv-a. required for a 
synchronous .condenser to maintain constant voltage is pro¬ 
portionally smaller than ratio-control equipments. For example, 
comparing a low-reactance line with a high-reactance line, the 
size of the synchronous condenser required to maintain constant 
voltage with increasing reactance does not increase in kv-a., 
but the size of tho ratio-control apparatus is directly proportional 
to the reactance. 

So, for the longer lines, ratio-control apparatus is not only 
relatively moro costly, but also on account of other considera¬ 
tions, such as stability, is probably unsuitable. 


Discussion at Summer Convention 


ELECTRICAL REPRODUCTION FROM PONOGRAPH 
RECORDS 1 

(Kellogg)' 

H Detroit, Mich,, June 23, 1927 

C R. Haijiha: In the paper by Mr. Kellogg no mention lias 
been made of factors which determine the sensitivity of the 
pickup device other than that mass has something to do with it. 

: This statement is made: '"The foregoing comparison of mag¬ 
netic systems does not take into account the possible power 
output of the winding, nor is the elastic stiffness required to hold 
the armature in its mean position allowed to weigh in the choice. 
The comparison is wholly from the standpoint of obtaining the 
maximum open-circuit voltage with the minimum effective 
inertia of moving parts.” 

This discussion lias to do with the factors which affect tlm 
sensitivity. The first of these is elastic stiffness which is not 
taken into account in the paper. In Fig. 8 of the paper, the curve 
given for the reaction force on the record against frequency, 
shows that the pickup device requires greater driving force in the 
low range of frequencies for a given velocity, and therefore, may 
cause excessive wear on the record l The stiffer the. restoring 
member the steeper this curve 'will be. yhe stiffness of the 
restoring member, which in the design described by Mr. Kellogg 
is principally in the upper two rubber plugs, must be sufficiently 
great to prevent the armature from being pulled over to one 

1. A, I. e7e. Journal, October, p. 1041. 


polo or the other. The presence of the magnetic poles thus 
produces an effect which is known as magnetic reduction of 
stiffness and this reduction of stiffness must never be 'greater 
than tho mechanical stiffness of the mechanical restoring mem¬ 
ber. In manufacture, it is never possible for the magnetic 
reduction of stiffness to be greater than some 50 per cent of tho 
mechanical stiffness, leaving about 50 per cent as net stiffness. 
To prevent excessive wear to tho record the net stiffness must be 
small?* and since the magnetic reduction of stiffness bears a 
constant ratio to the mechanical stiffness, the magnetic stiffness 
cannot be greater than a certain amount. This necessitates 
either a weak magnet, a long air-gap, or fairly small polo faces, 
all of which make for knv senstivity. 

The other factor that weighs in sensitivity is the inductancy, 
If more turns are wound on the coil, or a higher-ratio step-up 
transformer is used, to got greater output voltage, the inductive, 
impedanco of the device may become too high for tho circuit into 
which it is to operate; namely, the grid of the vacuum-tube 
amplifier. Thus, the effective inductance of the device has a 
definite upper limit. • ■••'/■. • • 

Now, as a general proposition, it can be shown that if magnetic 
saturation and leakage are negligible, the sensitivity expressed 
in volts per unit velocity at the needle is dependent upon two 
factors only: (1) the magnetic reduction of stiffness, which is. 
limited because of wear on the record at low frequencies; and 
(2) the inductance of the device, which is limited because, o||j;ha 
impedance of the vacuum tube into which the device is to operate. 






m 

m 


1274 


m 

W- 

fli$* ' 

I-.' 


§ 


m 


The relation* is Volt s/(cm./sec.) = V "To": 7 - X Inductance 
X Magnetic Stiffness. When these two factors are held con¬ 
stant, all of the arrangements which wei*e shown in the paper 
will have the same sensitivity characteristic, provided magnetic 
saturation or magnetic loakage do not come into play, 

And so the advantage of one construction over another, 
magnetically, in any case will be due to less leakage or less 
saturation, or both. Of the various arrangements having low 
saturation and loakage, the above relation shows that the one 
which is most suitable for meohanical considerations may be 
chosen without sacrifice of sensitivity. 

E. W. Kclloifdi Mr. Hanna lias called attention to the fact 
that in maldng my choice from the numerous possible magnetic 
arrangements, I have limited my consideration to certain 
criteria; namely, securing the maximum volts per turn for a given 
magnitude of stored energy in the inertia of the vibrating arma¬ 
ture.* lie introduces a different point of view, in which the 
stiffness of the armature mounting is to be limited in order not to 
cause excessive wear on the record, and he reaches the interesting 
conclusion that if well designed, almost any of the magnetic sys- 
. tems is as good as any other. This conclusion is itself a vindica¬ 
tion of the point of view adopted in the paper. With armature 
stiffness as the controlling factor, there is no choice; but when we 
take small inertia as the desideratum, the choice is narrowed 
down to one or two arrangements. The reduction of inertia of 
tho vibrating parts is desirable from the standpoint of wear on 
records, but is especially important for high-quality reproduc¬ 
tion. The lighter the moving parts, the higher will be the fre¬ 
quency at which whip resonance occurs, and therefore the greater 
the range of frequencies which can bo reproduced. The fact that 
the force on tho needle tip is greater at low frequency where stiff¬ 
ness is the controlling, factor than at high frequency where 
inertia predominates may be taken as an indication that the 
effort i to keep the inertia low was successful. The stiffness 
is not materially greater than that of meohanical reproducing 
systems, and if experience shows that greater flexibility is 
important, it will have to be sepured, as Mr. Hanna/s analysis 
shows, at the cost of lower sensitivity. In this, connection 
I should like to commend Mr, Hanna’s I. R, E. paper, for it 
• is instructive and interesting. |But tho ease considered thoro 
I!;;-',. I s a; loud-speaker design and:tfee factor .which is of primary 
importance in one problom is not necessarily so in the other 
The funda mental difference is, that in the loud-speaker dtfve the 
current supplied results in a certain force being applied to the 
diaphragm and the amplitude is; determined by the ease of 
the diaphragm, while in the phonograph reproducer, 
tmn thp amplitude is practically fixed:^rjthp;g^pove in the record. 

' ;L/ 3 T1, ° question might bo raisod Why voltage per thru instead 
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inductance within the working range of frequencies, for suoli 
resonance would impair quality of reproduction. Tho lower 
the winding inductance the greater the step-up ratio which 
may be employed. Hence, if we can lower tho inductance by 
raising the reluctance of the magnetic circuit without reducing 
the flux change which results through the winding from a givon 
needle movement, we make it possible to use a higher step-up 
ratio and apply more voltage to the grid, A consideration of 
the several magnetic systems illustrated in my Fig, 4 will show 
that we have no reason for revising our choice of double-acting 
or push-pull systems in preference to single-acting systems, or 
of rocking rather than translation typo armatures. 

There is, however, a different aspect to the comparison of 
the half-rocker and full-rocker armatures. It was argued in 
the paper that if the reluctance of the magnetio joints at tlio 
pivot of the half-rocker is kept low, the voltage developed would 
be nearly as much as with a full-roclcer. For simplicity, lot 
us take the ^leal case in which this pivot joint reluctance is zero. 
The voltage per turn will be the same as with a full-rockor, 
while the inductance would be .twice that of tlio full-rooker 
device, This would necessitate reducing tho transformer stop- 
up in the ratio 1/V^ or 0,707, and tile voltage at tho grid ’would 
be reduced in the same ratio, which corresponds to cutting tho 
power in half. 

Were it not for practical difficulties having to do with clamp¬ 
ing the needle, the full-rocker armature would perhaps have 
been chosen. But these difficulties were serious, and tho advan¬ 
tage of the full-rocker is not so great as the two-to-onc power 
ratio would make it appear, In the first place, this power 
ratio is based upon the assumption that both onds of tho full- 
rocker move as much as the one moving end of tho half-rookor, 
This would mean more metal to be moved, and if tho whip fre¬ 
quency-is to lie kept high,'there would have to bo a compensating 
reduction ,in amplitude. Again the full-rooker, if proportioned 
to give twice the p6wer output;of the half-rocker^ w r oukl requiro 
twice as stiff a mounting to stabilize tge armature in the air- 
gaps, and this, as Mr, Hanna has pointed out, is objectionable 
from the standpoint of record wear. By the ti m those factors 

are compensated by changing the ratio of armature to noodle 
movement, practically all the advantage of the full-rooker 
armature lias disappeared. 
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", . Detuoit, Mioh., June 23, 1927 

• 1 “ n Wooing jo subscribe to tho implications 

ln „, that this typo of construction is the only one that 

whl result m successful higlwvoltago joints, l.ut I can subscribe to 
the statement that single-oOnduotor oablo joints which aro made 
bP m essentially the same manner as tho joints on each of tho 
tliree conductors mMr, Peterson’s tlirae-opndnbtor joints, aro 
very sucoessM. iii flhiGncy^ ■» . . 
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up each joint, it was out apart, and examined, and the imper¬ 
fections in his workmanship wore pointed out to him. IIo was 
roquirod to ropoat tho process as often as was necessary,— 
generally only two or throo timoB— until ho had eliminated those 
imperfections in his workmanship, After that was done, wo 
had him mako up a joint at a different location whoro a liieli- 
voltage tost t runs for mor was available, and in order to seonro 
eoonomy, wo had throo joints made up in aortas putting high- 
voltago potlunuls on tho ends of tho cable and applying tho high- 
voltago tost required by tho specifications to bo applied to the 
oablo. In oaoh oaso, the failures occurred in the oablo and not in 
tho join ts. 

Since tlum, wo have made up 760 joints on the GO-kv. cable 
and placed them in service, and hnvo applied tho usual high- 
voltngo test to tho completed linos before placing them in service. 
There hnvo boon no failures whatever on any of tho joints, 
either during tho con#truetlou training, or on the testing of them 
after tho completion of tho lines or in sorvioo. Wo hnvo had a 
total of about 400 joint-years of service on. this type of joint. 
So I think, as Mr. Potorson said, wo are rapidly approaching tho 
condition whore joints are stronger than tho cable. 

E* I). 151>yt In this problem of splicing high-ton si on cables, 
it is gratifying to note in Mr. Peterson's work nu honost attempt 
to make use or soiontiflc principles of design. 

HIh adoption of tho tapered reinforcement of conductor insula¬ 
tion adjacent to tho load sheath with tho reinforcement overlaid 
with motnl tape unquestionably constitutes one of tho main 
factors iu tho success of his design. I advocated this construction 
to tho Cleveland XSloatrta Illuminating Company in 1023, when 
the Gfl,Q0()«voH alnglo-oonduotor cable aystom was first being 
developed, I think this was the first occasion on which this 
construction was proposed and described. How effective) it has 
provod in tho solution of cable-joint problems is evidenced by the 
fact that practically all of Clio higher-voltage joints have boon 
made in this way and with a success which has boon unparalleled. 

A feature of which Mr. Peterson has not taken advantage, but 
which 1ms worked out to complete satisfaction in Q enoral Elootrio 
designs, is that of stopped conductor Insulation adjacent to tho 
oormeotor. Mr. Paterson found trouble with both stopped and 
ponoilod insulation. in somo of his designs but this was probably 
clue to tho ubq of infloxiblo paper tftpo. With a IlCxlbte tape fihioh a 
bias-out varnished 1$ a much bettor bond between: 

the conductor insulation and the hand-wrapp^ 

: The stuped hurfaoe, however, offers decided advantage over tho 
pencil eel stirfaoo. An exact number of tapos can bo removed at 
each stop so that Olio remaining insulation is of a known and 
vktiiljifotttK" ... 

wholly eliiniitWed, T.li« r -> 7 , xrwrq 

wire looped around tho conductor leaves a spongy edge which 
aiiti «mir f.im rtmrmnund and forms ah elastic 


While barrier tubes in three-conductor joints have proved 
disappointing in some designs, they are not an objectionable 
foaturo whon properly shaped and located with respect to the 
conductors. The writer has developed a design for 33-lev. 
sector cable in which the barriers consist of sections cut longtli- 
wiso from standard Korkolito cylinders, two such sections sur¬ 
rounding qaoh conductor within an outer oylihclor and holding 
it rigidly in definite relation to tho other conductors and to the 
outer easing. The construction prevents displacement of 
tho conductors within tho casing which might occur either from 
short-circuit stresses or from mechanical movement of the cable. 

In Mr. Peterson’s joint for belted cable, l#o has found it 
dosirablo to oncloso each conductor with an individual reinforce¬ 
ment of tape whore it omergos from the belt. With no barrierg to 
support the cables at tho center of the joint, this servos a good : 
purpose, mechanically. Electrically, however, it is notnooessnry, 
sluoo a roinforcomont enclosing all throe conductors and overlaid 
with motal tape will accomplish the dosired results, Sample 
joints tostod by tho writer have shown no weaknesses in the 
crotch, • : : 

Throe-conductor oablo of tho belted type for 20,000 volts and 
above will probably give place sooner or later to cable of the * 
shielded typo so that future interest in joint design for tliroe- 
oonductor cablos will center largely in tho latter. It is natural 
that with each separate conductor enclosed in a. motal tape under 
tho load sheath, a similar construction should prevail at the 
joint, Apparently Mr, Peterson did not have much success with 
such joints in which the tape was carried' all the way across the 
hiuid-wrappo chins illation! Hero again perhaps the difficulty was 
with tfio kind of tape and a penciled rather than a stopped surface. 

At any rate, the writer has had no difficulty iu making a satis¬ 
factory joint of this kind. Such a design for 33-kv, shielded cable 
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of tape to bo applied so much improved that 
.-taped joints are not only wholly practicable from the 
installation standpoint, but are proving entirely roliablo in 
sorvico. Even maolilno wrapping of the tape does not offor 
sufficient advantage to warrant, tho use of machine a except for 
papor tapo, Furthermore, tho introduction of tho specially 
processed varnished-cambric tapo with low dielectric losses has 
removed tho one advantage of paper tape which formerly existed 
so that now a hand-taped varnished-cambric joint stands second 
to none, both with regard to oaso of installation and its reliability. 


Fia. 1—33-Kv. 3-Conmjctoh Joint for Shielded Cable 

• 

is shown in tho accompanying Fig. 1. The simplicity [of this 
joint is at once apparent. The fact that oach conductor is 11 
wholly enclosed within the grounded motal tapo eliminates the • . 

transition made in Mr. Peterson's design from tho equivalent^ • 
throe single-conductor oablos under the load sheath to tho oquiyiv?.)' 
lout of a throe-conductor unshielded cable in tho center of tho 
joint. # V\ 

That the tdtally shielded form of joint for throe-conductor,, 
shielded oabloB is entirely practicable is further evidenced by^tho : ;t- 
complete success of a 66,000-volt singlo-conduotor joint of pqpiyo-... . . 
lent design, A furthor advantage fe a,totaUy shielded joint is 
the absence of immediate danger which results from an incom- 
ploto filling of the joint casing with oil or compound. In the 
open construction with oil between the conductors undor stro^ ^ 
tho absence of oil would bo expected''to develop trouble rapidly, 

In tho totally shielded construction, providing moisturo was 
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excluded, an incomplete filling of the easing would not be serious. 

Such descriptive papers as this will do more than anything else 
toward harmonizing ideas and unifying practise. There are 
certain fundamental principles in the design, installation and 
operation of cable joints which this publicity will gradually help 
to establish. The standardization of materials aud methods in 
this class of work is just as desirable as in other classes of 
equipment. 

D. M, Simons* I should like to make a few remarks, partic¬ 
ularly on the joints for Type-H or metal-sheathed cable. We 
have been making Type-H cable since 1914 (in commercial 
quantities since 1919), and have given the matter considerable 
thought. I approve of Mr. Peterson's solution, but I should lilto 
to point out that there is another solution. 

\ believe everyone agrees that one of the great advantages of 
Type-H cable is that all the so-called ‘'crotch” failures can be 
avoided, since the metal can be carried into the joint until there 
is sufficient separation between the insulated conductors to avoid 
trouble. Apparently, however, there are two schools of thought 
on Type-H joints, differing in whether or not the metal foil should 
be carried completely across the joint or not. 

Wo have made both kinds of joint, ourselves, having made 
those similar to the kind Mr. Peterson has described, with one 
refinement in addition; namely we used a large lead wire at the 
edge of the metal in order to reduce somewhat further the stresses 
there. The other form, which we have generally preferred, is 
to carry the metal shields across the joint. If this is done, 
then, theoretically, the*joint has all the advantages of Type-H 
cable* Furthermore, and within the range.of voltages,where 
experience lias not clicked the advantage (from the standpoint 
of the cable itself) of using soft or fluid jointing compounds with 
collapsible reservoirs, the carrying of the metal across the joint 
removes all stress from the compound, and there is no clanger 
even If voids should exist. There is also of course no necessity for 
using reservoirs or otherwise maintaining the compound. 
Finally, even if a soft compound or fluid oil is used for the sake of 
the cable, there is always a possibility that the joint may be 
partially' emptied of oil due to the improper functioning of reser¬ 
voirs or other causes; and in this case, there will be a great 
advautage if all the jointing compound has been shielded from 
stress by metal wrappings. 

1 do aot h°ld a brief for either type, but wish to emphasize 
that there are two types available, both of which have been 
eminently successful in service. I believe in general that Mr. 
Peterson's type of joint, in which the foil is not carried across 
the joint, would probably tend to give bettor laboratory tests 
than joints in which the foil is carried across, because the stresses 
ajre lower. From the practical standpoint, however, i feel sure 
^hat the metal foil should always be continuous through the 
joint, if hard or fairly hard joint-filling compounds are used, and 
that in oase of fluid compounds with reservoirs, both types of 
construction should bo carefully considered before a decision is 
made. . j 

R. G. Hooke* At about the time Mr. Peterson started his 
development on high-tension cable joints, we were faced with a 
^similar problem. Inasmuch as our solution of it is quite different 
from his, it seems that some of the details of the study which we ' 
have made and the results obtained may be of interest. 

We first procured samples of several different types of three- 
conductor splices being used by various power companies. 
These wore tested in the laboratory and at the same time careful 
analytical studies were made of the stresses which occurred in 
each, Mr, Peterson emphasizes the fact that in the past there 
seems to have been no regard for stress distribution o* dielectric- 
constant relations of insulating materials and this was most 
certainly true in the majority of the specimens which we obtained 
It would be impossible to agree too emphatically with the v 
authors conclusion as to.the harmful effects of porcelain 
spreaders, unreinforoed crotches, and carelessly designed barrier 


tubes with high dielectric constants, By analytical comparisons, 
it is very easy to see the undesirability of such features. 

In our work, w'o have developed certain methods, more or loss 
empirical, for quick calculation of numerous instantaneous 
stresses in different parts of the joints and we find it very holpful 
to represent some of these by curves allowing progressive changes 
in the conditions at different points in the splices, proceeding 
axially from one end toward the connector in tlie center. Illus¬ 
trations of two of those charts will make their uso clear. 

The first illustration, Fig. 2, shows a joint in which conditions 






w 

Fict. 2 —Voltage Stresses in an Older Tvrs op Carle Joint 

Curve 1—Maximum Stress Toward Siieatii in Factory 
Insulation Along) the Corners op the Sector, —Kv./Cm, 
Curve 2—Maximum Stiiess Between Phases in Factory 
Insulation Along Apex op tiie Sector —Kv./Cm. 

Curve 3—Maximum Voltage from Surface op the 
I actory Insulation to an Instantaneous Neutral Plane 
Between- Conductohs—IC v. 

Curve 4—Axial Stress Along Surface op Factory Insula¬ 
tion Between Phases—Kv./Cm. 

Curve 0—Maximum Voltage on the Surface op Factory 

Insulation to the Nearest Point on the Siieatii _Kv. 

Curve 6—Maximum Axial Stress Along the Surface op 
Factory Insulation Nearest the Sheath— Kv./Cm. 
Note: The Ordinate op Curve 4 is at all Points Pro¬ 
portional to the Slope op Curve 3, and the Same Rela¬ 
tionship Exists Between Curves 6 and 5 ^ 

were particularly bad. The very rapid decrease in the maximum 
gradient to ground, as shown by Curvo 1 at the termination of 
the cable sheath, is an undesirable feature. Also, the “bump” 
in Curve 2, caused by the presence of the porcelain spreader 
between conductors, is an ‘obvious point of weakness. 

The next illustration, Fig. 3, indicates a very considerable 
improvement. In this case, the major irregularitios aro due to 
the abrupt terminating of a static shield around the throe con¬ 
ductors. Elimination of those discontinuities is obviously simple 
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and curves result which are perfectly smooth except for conditions 
at the steps. 

The irregularities on stepped or penciled insulation as shown 
in these figures require some explanation. The calculations 
are made along the surface of the original factory paper and there¬ 
fore, at these points, abrupt increases of voltage necessarily 
occur due to the decrease in thickness of the factory paper and 
the consequent nearer approach to the conductor surface. These 
changes in potential cause the gradients shown, which are really 
in a radial rather than an axial direction; but they are plotted as 
part of the same curve as the axial stresses because they occur 
between adjacent surfaces of insulating material. Comparative 
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Fig, 3—'Voltage ‘Stresses in a Cable Joint Recent 

Design 

The Explanation of tub Curves in this Case .isi,Exactly 
thb Same as for Fig. 2 . ; " fv . " 

effects, qf different numbers of steps dr of different length pencils 
can readily be studied from these curves. \ , 

Of course the figures indicated on those charts are qualifioa- 
, tivo rather than quantitative, and of interest; only in so far as 

they can bo used for graplucal indication qf tlidvi difterences 
: :botwben various designs of jolnis. IIowever, wljeii comped 
with the careful observations of, conditions in the joints after 
v the application on tost of high potentials for periods of titansi up to 

several;days, it was found that in a great majority of cases the 

ufAn on VI fif arhi {null!o frniYi 0.7111.1 V 1,1 C sthflv lYiadfl 


the very great value of a scientific, approach to the problem of 
cable jointing. In fact, so far as the electric field is concerned, 
splices are very much more complicated and require very much 
more careful mathematical analysis than does the cable itself 
wherein the assumptions of a homogeneous insulating medium 
can he made without appreciable error,. 

As a result of these studies a joint was determined upon in 
which the objective was to introduce as few foreign materials 
as possible. In other words, the more nearly we could make a 
splice an exact continuation of the cable, the better were we 
satisfied. With this in view, we concentrated our work upon 


joints insulated with hand-wrapped paper, the tape being carried 
well into tlio crotches at oach end and cable compound being 
applied liberally during the operation. Aftor the conductors 
have boon insulated, tlio central filler space between the three 
conductors is titled with paper fillers, compound and jute. We 
have found it desirable to fill completely the inside crotches of 
the joint with paper fillers saved from the outside of tlio cable 
after the bolt has been removed, it even being possible occasion¬ 
ally to thrust one or two fillers back for an appreciable distance 
into the cable itself. The outer spaces between the conductors 
and under the belt arc also filled with jute and compound. Jute , 
has been used since it is not feasible to obtain pa^er satisfactory 
for this purpose. 

At first our procedure was to also fill the spaces between the 
connectors and the factory insulation with jute. Recently, 
howcvoiV wo have adopted the use of wrappings of narrow 
varnished-cambric tape. In this connection, I am ratheT*sur- 
prised at Mr. Peterson's pmetiso of carrying the varnished cam¬ 
bric over the lower edgo of his penciled factory insulation. He 
points out in numerous places tlio undesirability of having thin 
layers of low s. i c. material in series electrically with rather 
heavier layers of high dielectric-constant insulation. It would 
seem from this.consideration that he might experience an over- 
stressing of the edge of his penciled paper, where it is under the 
varnished cambric, this being also immediately next to the con¬ 
ductor and therefore at a point wlioro the gradients are at a 
maximum. 

We have found that our workmen wore much more successful 
in making steps than they were in cutting a pencil. For this 
reason, therefore, although the pencil gives the best theoretical 
stress distribution, we have adopted throe steps on each con¬ 
ductor. In making tho joint, the varnished cambric at the end 
of the conductor is not allowed to overlap any of the paper 
insulation. It is merely used as a filler, its superiority over jute 
being mainly that it is a higher grado material and less likely to 
contain foreign par tides or moisture, 

A paper belt is applied tightly over tho three conductors with 
the fillers in place and over this is used a copper screen which 
carries the ground-potential surfaco complotoly across the splice 
and is hold snugly against the paper belt by a wrapping of heavy 
wioldng. The joint is filled under pressure with a light oil or 
grease ancl expansible reservoirs are used. This splice as nearly 
as possible, is a continuation of tho cable and depends entirely 
for its strength upon impregnated, homogeneous,, fibrous 
insulation. : « 

Perhaps the most important difference between our splice and 
Mr. Peterson's is our use of hand-wrapped insulating material: 
completely across the joint, whereas in the central part his splice 
ho depends to a largo extent upon the insulating value of the 
compound. The saino feature is brought out in Mr. Peterson’s 
remarks about joints on conductor-sheath cable; that ho does not 
believe that it is desirable to carry the metal slieath of the con¬ 
ductors across the joint. Ho states that if tho metal tap® is 
carried across, the ‘‘joint would seem at first sight un¬ 
satisfactory * * * since filling compound is of no avail in taking up 
stross ancl the total voltage is applied to the comparatively weak ^ 
path between pencil and band-wrapped insulation.” To us, 
this is by no means an obvious conclusion. In the first place, 
over the steps, tlio zero-potential surface in our joints, 'jylietlier 
of the conductor-shcath typo with tho meta! carried across the 
joint or of the bolted type with the copper screen outside of the 
belt insulation, is very nearly identical with the lead sleeve of the 
joint. In other words, there is very small clearance between the 
lead sleeve and the built-up insulation about the splice. There¬ 
fore, unless Mr. Peterson uses a larger diameter of sleeve than 
ours, the leakage path in Ms joint, either from the connectors 
to the ground surface or between conductors, is practically tho 
same as it is in ours. The reduction in the longth of this path 
due to the use of the screen about the conductors is exceedingly 
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small. Secondly, there is one very important point in dielectric 
circuits which it seems to mo Mr, Peterson does not sufficiently 
emphasize. It has been proved conclusively by a number of 
authorities that fcho breakdown strength of oil in volts per mil 
is very much greater for a thin film than it is if the material is 
not broken up into such films. Mr. Peterson accomplishes this 
division of tho oil into films in his reinforcement of the crotch with 
varnished cambric, although ho speaks of it as simply a replace- 
ment of tho compound by a higher-strength material. It is 
actually both of these. However, the filling in of the space 
which he leaves froe for compound between layers of fibrous in¬ 
sulation, in the middle of his splice between which would be dis¬ 
tributed liberal amounts of oil or grease, should result in a definite 
increase in the breakdown strength of the joint at this point. 
As a matter of fact, some rather hurried and incomplete tests 
which wo have made indicated that a direct puncture can occur 
from t tho connector to the sloove on a splice made up as nearly 
in accordance with Mr* Peterson's design, as we are able to pro¬ 
duce it, whereas, on numerous tests, no fault of this type or any 
other has ever occurred on joints of the kind which I havo 
described and which we have adopted. The failures are in- 

* variably in tho oabi o. 

There are one or two questions which I should like to ask the 
author. IIo states that tho cambric bolt is punctured to allow 
oil to enter tho cable where the fillers would normally be. Inas¬ 
much as he docs not carry the belt completely across the joint 
we wonder that this puncture should be considered necessary It 
wou d se em as if tho compound would fill all of the spaces under 
the belt by entering through the empty filler spaces. Possibly 
m real objective is to provide an outlet for air bubbles which 
might coUeoMinder this belt insulation. Even this, however 
would seem hardly necessary unless one end of the joint was 
appreciably higher than the other when it was being filled The 
mof the static shield putaide of the belt reduces to a safe value 
$. ro ” mfer ? ntid L stressc « which might otherwise be 
rmful, \yb question, however, whether or hot this shield 

• ''' 7™ mformUial stross <* ^ belted cable as is 

la mcd. It certainly does maintain a zero-potential surface 


Sir 


. • ■ a/ 

!. average potential is zero, hut at 
10 the zero, For example, assum- 


and it possesses a large number of very praiseworthy f oat uvos. 
To me, one of the most interesting of those is the idea of a design 
which permits application of most of tho hand-wrappoci insulat¬ 
ing material before the sweating of tlio connectors. With tlio 
ends of the conductors open, it should bo very much easier to 
apply the insulation and also accomplish a considerable saving 
in time. 

F* A. Brownelli We have tested a number of tho author's 
cable joints between metal-sheath cables and between motol- 
sheath cable and belted^cable, and havo had ono failure in tho 
metal-sheath cable joint, * 

In each of the metal-sheath joints tested, evidonco of ovor- 
stressing was indicated by carbonized potrolatum at tho end of 
the metal shield over the varnished-cambric cone and ovidonoo 
of ionization at the lower edge of the cones, 

In the joints where metal-sheath cable was joined to bolted 
cable wo found sorao ovidence of ovorstrossing at tlio surfftco of 
the conductors. This type of joint appears to be tlio host that 
lias been offered for this type of construction, 

We have been using the idoa of the varnished-cambric cones for 
tho past three years in making end-bells for testing cable in tlio 
laboratory, the only difference being that wo apply two half 
sections of lead foil over the formed cone. Wo find that thoso 
sections can be applied in less time and oliminato moro voids than 
the wrapping of narrow widths of foil. 

Our test data on joints where tho metal tapo has boon carried 
entirely across the hand-wrapped insulation are not in agroomonfc 
with the author's, We have made numerous tosts on this type 
of joint in the laboratory and have never brokon down a join t nor 
opened one that has shown any indications of having boon ovor- 
stressed. In one test, failure occurred in tho cable after 24 hours 
f “ '“ s at J .^f k , v< Another test at the same potential lasted 
for 20 hrs. witli the failure in the cable. Those tests do nob 

compare with the author's tost of 20 min. at 120 kv. Of tlio 

hundreds 19 service we have very recently had two failures. 

o compare a joint for belted cable, we havo tested and are, 
uow^mg the ^eare ? t thiafe to cable reconstruction that we 
beheve.is possible,—an all-paper joint with jute Mors, trnuze 

and flll< v* vUh th ® oiI as is used in 

able. This joint was designed a few years ago by Pliillin 

SSSS id 7 Y ™? d,8on is 

i -nt. nn f ? T ' Wo Lavo never broken down ono of tlioso 
jo nts on te^. In one ease we held 132 lev. for 26 hrs. wbou tho 
cable failed. No evidence of oyorsjessing was found S the 
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impregnation; (2) a means of assuring against the formation of 
voids after installation; and (3) the prevention of entrance of 
moisture. Good cable could be had at the factory and careful 
handling gave reasonable assurance against oil leakage and the 
entrance of air and moisture, but after a cable is in operation 
•with the inevitable cycles of heating and cooling, there is migra¬ 
tion and absorption of the compound which, although very 
slow, x^roducos voids. Vacua of considerable magnitude have 
been foilnd ill cable, and any breaks in the lead sheath or im¬ 
perfections in the wipe at a joint will allow air and moisture to 
be drawn into the cable or the joint. 

As a result of this analysis, the Brooklyn Edison Company, 
at the initial installation of 27,000-volt cable in 1922, adopted the 
policy of installing oil reservoirs on the cable system in the hope 
of insuring a positive internal pressure above atmospheric 
.pressure throughout the cable system at all times. It is obvious 
that with such internal pressure and a supply of oil for filling in 
voids, a break in the sheath would result in bleeding rather than 
the entrance of air or moisture. Loss of oil in this way could be 
detected by inspoction of the reservoirs. 

Such reservoirs were first installed in the stations at trans¬ 
former and switch pothoads. It was found that the migration 
of oil throughout the cable was so slow that these reservoirs on 
the potlionds woro not sufficient to maintain a positive pressure 
throughout any great length of cable. The next stop was to 
install such reservoirs on a few feeders at the cable joints in the 
manholos, and the results obtained were So satisfactory that this 
practise is being extended gradually to the whole 27,000-volt 
cable system, / . 

Two examples will servo to illustrate the results obtained. 
One feeder of old cable which had had ft fairly goodTeqdrd as to 
failures, was takon out of service during a period of rearrange¬ 
ment, On testing it before putting it back into service, a number 
of failures both in cable and in joints, as well as the dry condition 
of the paper in the sections examined after failure, led us to make 
au experiment on this feeder. Oil-filled reservoirs were 
connected to each joint and it was put through periodic heating 
and cooling cycles for one month at low voltage and 160 per cent 
rated current. During this process 27 gallons of oil wore ab¬ 
sorbed, which is approximately equal to 1 per cent of the original 
compound in the cable. Then the feeder was tested. It wont 
back into s or vice without a. failure in the cable, and has been 
operating steadily ever since. Another old feeder gave so much 
trouble that the operating voltage had to be reduced to 13,000 
volts. Each joint was then equipped with a reservoir filled with 
oil and operation at 13,000 volts was continued for six months. 
Following this, it was tested for 27,000-volt operation and has 
given:very .satisfactory service at this voltage ,for over: a year. 
To date ,72 gallons of oil, which is approximately 2.6 per cent of 
' f the original compound, have been absorbed by this feeder,from 
120reservoirs. ... V ''' • 

W. F. Davidsoni Mr„ Peterson lias called; attention to the 
tests which were made to determine the merits.qf joints ip:which 
metal foil was carried across the connectors and those; in wMqh 
it was cut off at some distance back from tfi6 connection, This 
■ i 1 suggests a point which seems to have received too little attention 
in connection with cable and joint specifications. . 

■ aP. iflua nmo ri'm^rnrti nf lin 


necessary to use cable of superior quality ?o that the failures 
would occur in tlie joint rather tliant; irtv:.-Sabi©. However, 
when field construction work was started a new factor became 
noticeable, 

The ideal condition in a joint or terminal, or for that matter 
in the cable itself, is to secure strictly radial stresses in the in¬ 
sulation which is under stress. But it is not always possible to 
do this in joints and terminals. Consequently, we are faced with 
the necessity of meeting more or less severe longitudinal stress. 


In. their ability to withstand such stress, various cables show 
extremes of performance. I think it quite safe to say that the 
range of values obtained under these conditions is far greater 
than the range obtained with respect to radial stress. As an ■ 
example, during some recent test on several samples of cable of 
the metal-foil type, it was found that with an end prepared in the 
manner described by Mr. Peterson, one sample could be operated 
for barely 30 hrs. at 120 lev. between conductors before failure 
occurred and even when it was possible to get failure of tlie. cable 
under the lead, the ends almost invariably showed signs of severe 
longitudinal stress. In contrast to this, another sample of cable 
prepared in the same way and having the sanife insulation thick¬ 
ness, has operated for over 640 hrs. at 120 lev. without showing 
the slightest signs of stress. • . . 

Mr. DelMar has called attention to surface-tension effects,and # 
these probably explain some of the differences 'just noted. We 
might expect therefore to reduce troubles of this natiire by 
making sure that the compounds used to fill the joint or terminal 
were of exactly the same character as that used in the cable 
itself so as to make a minimum surface tension along the 
boundary between the cable insulation and the surrounding 
medium. However, there are obvious and serious practical 
objections to such a procedure and it seems absolutely necessary 
to find some other solution to the difficulty. 

Su mm arizing, I wish to urge the need for “jointable” cable; 
That means not only cable which can stand up under the bending • 
and working essential to making a joint or attaching a terminal, 
but cable so constructed and impregnated that it had longitudinal 
as well as radial dielectric strength. 

Herman Halpertn; About two years ago tests were made 
in Gliicago with the crotch of a 33-kv., three-conductor (sector) 
cable placed vertically in clear oil in a glass jar with a copper 
screen at ground potential, inside the jar. The observations 
corroborate those made by Mr, Peterson in that spark discharges 
were observed across the film of oil in the crotch; but before this 
occurred, streamers were seen along the tape edges just above 
the end of the belt insulation. Some of these streamers ran 
around the conductors. It was found that such discharges could 
persist for about an hour at 120 kv., three-phase, without leaving 
visible signs of deterioration in the insulation, and before dis¬ 
charges across the oil in the crotch were noticed. It was also 
observed that bubbles of occluded air or other gases, which were 
seen clinging to the insulation previous to the application of 
voltage, would become dislodged upon the application of the 
voltage and flow upwards. i 

\ In the last page of Mr. Peterson*s paper, it is stated that the 
joints were filled with petrolatum or oil. Experience in Chicago 
with petrolatum in three-conductor, 33-kv. joints has been 
unfavorable. About three years ago some 75 three-conductor 
33-kv. joints filled with petrolatum at atmospheric pressure were 
installed. During the following winter several failures occurred 
in the crotch of the joints. The petrolatum was full of small 
voids: or air spaces the size of a pinhead and had pull ed awa^from 
the factory insulation of the conductors, causing void spaces 
around the conductor insulation in the crotch. Apparently 
the petrolatum contracted on cooling and pulled away from the 
mill insulation, and the maximum operating temperatures frf 
about 20 deg. cent, were insufficient to melt the petrolatum 
wliich had a melting point of 30 deg. cent. Therefore it appears 
that if a hard or semi-hard compound is used its properties of 
adhesion to the cable and cohesion should be carefully chosen. 

When these joints were rebuilt, they were filled with a thin 
oil (switch oil) and they gave entirely satisfactory service for the 
seven months when they operated at 33 ley,, although in re¬ 
building the crotches were not reinforced. 

Some experiments were recently started to reinforce the 
crotches on 600,000 and 650,000-cir. mil, thi*e e-conductor, 13-kv. 
joints. These cables have 9/64-in. insulation around each con¬ 
ductor, which is less than half the insulation on the cable used by 
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Mr. Peterson, and the conductors are considerably larger and. 
stiffer than his conductors. These joints are to be filled with an 
asphaltic compound that has a Saybolt viscosity of about 750 
sec. at 100 deg. cent., but to eliminate the variable introduced 
by the differences in filling obtained with the semi-hard com¬ 
pound used, oil was employed in these experiments. 

%. The first joints were made with varnished-cambric tape 
applied around the conductors in the crotch in a fashion similar 
to that used by Mr; Peterson except that the foil was not psed 
and, in addition, varnished cambric was applied around the three 
conductors. _ These joints were tested at 4,5 times the rated 
voltage for six hours, after which 10 per cent geometric increases 
were made every hour. The test results have been evaluated 
V fo y ^ ie 0c I u ivalent voltage for six hours, The joint with no 
reinforcement failed at nine hours, which test was equivalent 
to 69 kv. for six hours, using the 7th-root relation that has been 
j ' developed for breakdown voltage—time characteristic of nn~ 
P r0 gnated paper insulation. The corresponding voltage for 
the joint with the reinforcement was 75 lev., an increase of 10 
per cent., but still failures were obtained in the joint. The 
% ; failures were found in the orotcli region at the ond of the belt, 

• ?■ ^ Datey, insulation Was applied to the conductors only and this 
was done either before or after the connectors had been sweated 
In the few tests that have been made, the joint with tho reinforce¬ 
ment applied before the copper sweating lias been found to bo the 
stronger. The equivalent voltage for this joint for six hours is 


ing methods which give stress values beyond the breakdown 
values of certain of the elements do not demonstrate what the 
operating results will be if such values are never encountered. 

Mention is made of the experiments with wooden spreaders. 
I can report on this that romoval of all spreaders has resulted in a 
satisfactory mechanical joint and has eliminated an unnecessary 
element. 

The author rofers to confirmatory tests for metal-sheath cable 
which appear to be those made by the company with which the 
writer is associated. Foi* joints on the metal-sheath type of 
cable, wo have used a joint similar to that described in the paper. 
At present we know of no better way to make such joints, al¬ 
though possibly some improvement, will be forthcoming which 
will reduce the workmanship hazard now ever present with the 
hand wrapping of three-conductor joints, 

For the belted type of cable we doubt if operating results will 
show improvements over the factory-formed typo, and so are 
continuing to use the latter. Experience has shown that both 
the time of making joints and their cost will increaso by adopting 
the type suggested. 

T. F. Petersons Although practically all features of the 
joint described, together with the.bases for design, have received 
favorable mention by one or another pf those contributing dis¬ 
cussion, there seems to be no general concurrence' of thought or 
opinion. Possibly this is duo to the fact that many have felt 
the call to defend joint designs with which they have had ex¬ 
perience and there has been agreement of thought in just such 
measure as their designs are similar to the one in quostion. 

Mr. Ropers report on the successful operation of single-con¬ 
ductor joints made up similar to tho individual conductors of the 
joint described is very interesting and gratifying. His descrip¬ 
tion of splicer s scho61s is quite timely and should serve to impress 
the importance, of .systematic training of men in the art of joint 
• construction^.;;; ? .. . 

Mi. Eby lias brought to our attention his early us oof reinforce¬ 
ment of the insulation at the/edge of lead sheath of single-con¬ 
ductor cable, overlaid with metal tape. While this means of 
relieving stress is highly commendable, it isielt that the use of 
varnished cambric (obtaining advantages of high strength and 
dielectric ^constant) instead of impregnated wick or cord, 
together with its use on three-conductor eable, is an advance. He 
feels that building up individual conduct^;:of three-conductor 
bolted cable is unessential electrically and cites, his experience. 
Thirisinbtliu accord with the results ^esentcd=-m tho paper by 
me or in the discussion by Mr.Halperm, I dare say, that the 
use of built-up crotches of test sections ini many laboratories, 
including tho Electrical Testing Laboratories, is based on some v 
such observation as the last mentioned, ? ; :L • 

Undoubtedly the combirialit®|pf low-loss varnished-cambric 
tape and stepped insulationdespribed by Mr. Eby is a very good 
one and might supplyt% use'of paper tape apd cdnical pencil. ! 
However, dimcultios-wi|l^i3jiM^tter are not so great as intimated. 
The wo*k is rathor dhidkly and quite accurately; done, using a 
sharp knife-sandpaper 1 . : The resulting, surface is rough and 
—- ,,, ... . . ..... ^^^^fe^^s;orfinitWiscontinui- 

■ seem wise tn mw 9 * . 1 , tles ‘ how-loss varnished cambric is a comparatively now 

workmanshin to ° ° f JQInt which.requires .development, and although .it possesses many advantages its , 
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ment applied before tho copper sweating lias btien found to be the 
8tro,l K el ■ fbo equivalent voltage for this joint for six hours is 
30 k v.. wbioh is'30'per oont better than that found for a 
joint with ordinary construction. 

The fillers wore left extending*! or 4 iri. into tlio joint, and after 
mmm • a couple of turns of twine were wrapped around the 

throo conductors to bold tho fillers in place. Cutting fillers, 
eispocially the oentrhl one* close to the end of the belt is liable to 
result in damage to the conductor insulation. • 

;in:.tbe discussion of Mr,; Simons’ paper in?tho Winter Conven- 
— Mr. Oestorroicher presented * sonic data on the beneficial 
.flared-ont shields applied at the cable load; and I am 
■V'V’ '• W'ondcnng whether Mr. I'elorson lias.used anything of that 

nature on throe-conductor joints. 

. Til ° experience of tlio Commonwealth' Edison Company is 

« in thorough,accord Avith -the statement at the end of the paper, 

' ■ trim T. siinli (i iVinf . i. ■ • ;.i ■-.... ’ 
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1* Since the cable is so made—the joint should be. 

2. Abrupt discontinuities and transitions are eliminated, 

3. Voids may exist or the joint may drain without harm. 

The first has no particular justification except in so far as there 

are incidental advantages which may accrue. The second is 
accomplished fairly well in the joint offered. As for the third, 
if voids in compound are expected, by all means short-circuit 
them. However,*in the case of joints which may drain,—that 
is, lose their oil,—since these will probably fail eventually due to 
water, drying out or the like, this joint* offers very little in favor 
of carrying the tape through. On the other hand, if conductors 
can be satisfactorily insulated with tape only, it would seem 
quite possible to cut down on hand wrapping when oil is brought 
into use. At least, tlio entire burden will not be placed on hand 
wrapping (with its uncertain porsonal element) but some part 
will bo sustained by tho oil. 

Mr, Hooke bas presented some very interesting data and ideas 
on joint design, stress distribution and dielectric circuit theory. 
Tile joint which he describes seems to bo identical with the so- 
called Metropolitan type inasmuch as both are largely re-builds 
of cable. As such, considerable dependence is placed on the 
hand-made elements of the joint and as Mr. Jiehoe points out, 
this is not always very desirable, In tho early work in Brooklyn 
an attempt was made to eliminate hand operations entirely by 
insulating conductors with oil and barriers. When this failed, 
joints such as described were evolved. , In these, tho human 
olomont or personal equation is quite important so far 
as the hand wrapping is concerned. However, the oil serves 
as a second lino of defense and renders inconsistencies in this less 
important. ^ -i\ . ' •' 

Though Mr. Hook? has found a use for the Brooklyn Edison 
Company idea of Hiin strips of varnished cambric between con¬ 
nector and penciled mill insulation, ho criticises the over-lapping 
of the lattor with the tape and quotes my statements on the 
undesirability of having short paths of low specific inductive 
capacity material in series with long paths of high specific induc¬ 
tive capacity material. He has apparently overlooked the fact 
that indoterjninationpCstrosg distribution or values of gradients, 
the entire path from electrode to,electrode must be considered to 
determine flux densities. Thoso, multiplied by 1/S;1 cy, give 
gradients. Obviously, a little Varnished cambric (high s, i.M) 
over a short 'path of mill insulation but having ii* series large 
amounts of oil, paper, etc. (1o>y s. i> o.) cannot greatly alter the 
stress in tho penciled insulation. r : 

He also questions the use of a conical shield ovor tho crotohes 
of throe-conductor bolted cable, in eliminating circumferential 


! . symmetry of position this must be the caso when three-phase 
/ voltage is applied. I am at a loss to understand the reasoning 
. : ill: the case cited. When one conductor is at. zero potential and 
"fbfli /sl.lrArR at -nlus and minus ner cent of maximum potential, 


Certainly the geometric axis of tho cable falls on 

:iTlo-nMmtiia nrJoVI-..f.rv nvnrlti'ftAvli 


gretitly increasing- gradient for : breakdown; for;.example paper 
and impregnating oil. ' > 

2. ' Where paths itro’;iip,■ of 
ions—water, impurities* eta^b^^ and' so 

increase the over-all strength. , ; “•. 

There remains a range from approximately Kin. to about 2 in. 
in which the use of barriers is'questionable. Their s. 1. o. is 
usually Mj^h; arid since them ihiOlmess may be no small part qf 
the total path of electric flux, the incidental shifting of stress iri 


oil may more than overcome the advantage of barrier action. 

In view of this and since operating experience indicated that 
they wore very ineffective in preventing failure where moisture or 
poor workmanship were present, barriers were eliminated entirely 
from the joint described. The breaking up of the oil space into 
very shor t paths, a s is done in the Public Service joi nt by the use of 
filling materials, is quite permissible, although one might question 
whether this done under unfavorable conditions will furnish 
much of an improvement over the use of good oil. 

I also doubt if many will subscribe to Mr, Brownell’s idea on 
the elimination of phasing-out in manholes, although it would 
seem that this is greatly to be desired in view of the introduction 
of isolated-phase construction, installation of networks, .etc. 

At any rate, does it not seem advantageous to phase-out in joints ■ 
(rarely ever more than one in any one location) rather than sub¬ 
ject one cable encl at the pothead to twisting each time there is 
need for change? * v; ' ; ; 

Mr. Davidson’s remarks are a fitting supplement to a paper on 
joints. Regardless of the type of cable or joint, tlio introduction 
of lougitucLinal stresses is inevitable at the pothead if at no other 
place. I join with him in a plea for a cable better able to with- # -f- 
stand those str os bgs. 

In response to tho queries of Mr, Halperin I might say that 
due' primarily to migration, considerable difficulty had been 
experienced with petrolatum-filled joints, but periodic refilling . 
(at six-month intervals) almost entirely eliminated this trouble. 

As for the use of flared metal shields at crotches—several of . 
these oarefulfy made of spun brass were tried but the results 
were no improvement on those obtained with metal tape laid 
on th© built-up conical structure. r 


Discussion at Bethlehem ; 

CIRCUIT BREAKER DEVELOPMENT 1 

(Spurok) . " X” 

. Bethlehem, Pa,, Arnn/21 v 1927 • 

WV H. insert J want to ask which is preferable, the mul ti- 
pib^break or the plain type of circuit breaker? " 

R; M. Spurcki , The problem of economically producing 
interrupting capacity in an oil circuit breaker is fundamentally 
ai problem of reducing gas formation, That breaker which 
produces' the minimum amount of gas under any particular v. 1 

operating conditions is the most economical, Gas formation , ; ! 

depends upon the total length and the total duration of the arc; 
that is, an arc two inch long will result in greater gas formation 
than an arc one inching,first because mo*? gas is formed per ‘ : % 
second; and, second, if speed of opening aud all other factors 
are, equai, : the period of gas formation will be, of course, twice 
aslongf' ?£■ l \ ''’. . * . 

The company with which I am associated has produced the # 
bxplosiori , chamber. The explosion chamber principle requires 
tlia£ the’ stationary contact bo surrounded by an insulated^ 
metal chamber, totally enclosed save for the opening provided 
for.the movable contact to enter and for several vent opening^ 
whibii are provided for certain specific application^. This 
explosion chamber is so arranged that a portion of the arc is 
drawn within the chamber, thus producing gas and-thereby 
establishing a pressure in the chamber. This pressure'increases 
the insulation of the gas because the (bsrupl^b strength of any 
gas increases with increase of pressure. ;g;The pressure also 
serves! to force cool oil out of the .chamber'dirbotly into the arc 
stream. The cool oil' flowing through; thd arc path increases 
the dielectric strength of the gases im that path by reducing 
their temperature. Thus, in , these ; two ways, the pressure 


* 4 ^ ^ 


1. .A. I. E, k Journal, July, 1027, p.707. 
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obtained, by properly designed explosion chambers serves to 
increase the dielectric strength of the gases in the are path 
beyond the values which obtain for the ordinary open break. 

ns means that the contaet separation required to oppose the 
vo tage tending to reestablish the current is less; therefore, 
less gas is formed. ' 

In multiple-break designs, individual arc length is not a 
linear function of the total number of breaks. In other words 
it there are ten breaks, the length of arc at each break will 
not be one-tenth the length of arc for an equivalent single 
break. Instead the total arc length for the ten breaks is 
much greater. The fact that the total length of contact of 
are with the oil is greater for the multiple-break designs moans 
• tbaT; a greater amount of gas-will bo formed. This greater gas 
ormation of the multi-break breaker is particularly noticeable 
Wien the ten plain-break breaker is compared with a breaker 
-having two explosion chambers. 

3 . T. Waudhi I should like to ask Mr. Spurok if his company 
recommends an induotion-type relay with their oil circuit 
breakers instead of current-transformer trip coils? 

' * W. P. Hearsmann, 3rd» I believe that Mr. Waugh refers 
to the use of a dash-pot trip versus a separate device relay 
Both were introduced for the purpose of adding a time-delay 
trip feature to oil circuit breakers. 

We do not in general use the dash-pot trip, the reason being 
tiiat, due to the change in the viscosity of oil and different expan¬ 
sion and contraction of the thin-walled cylinder and the com¬ 
paratively heavy piston, the timing cannot be kepfas accurately, 

V as can be with an induction relay or with one of the 

solenoid and plunger type with an air bellows timing device 

which.is generally used for simple relaying schemes. 

W - T | lere is one feature of circuit-breaker 

atmg pending which, if generally adopted, would work undue 
hardship on the purchaser. I refer to Rule 10692, recommended 

October 1925 by the Electric Power Club and still under 
discussion by the N. JG. M. A. This rule states in effect tS 
manufacturers published interrupting'ratings of circuit breakers 
are not guaranteed. ; : 

What does this mean? In praotise, the engineer of the 
prospective purchaser of switchgear prepares a specification 
gating the conditions under which the circuit breaker will be 
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standing that the equipment was maintained by the user in 
reasonably good operating condition. The manufacturer then 
at least becomes a party to the discussion in ease of failure of 
the equipment, whereas with the pending rule the manufacturer 
would he in position to disclaim responsibility if the equipment 
failed to meet the stated rupturing duty. 

John Grotzinderi I ain very much interested in the 
standardization of ratings. We ought to know definitely what 
we are buying, and we ought to he able to choose from different 
makes of circuit breaker those which are based upon the same 
rating, so that we can compare them upon the same basis and 

make the most economical selection. 

L. J. Gills I should like to ask Mr. Spurok wliat the clear¬ 
ance should be between contacts and other parts; for instance 
in a 22,000-volt, 150,000-kv-a. breaker. Also, wlmt connection 
does system restoration voltage have to interrupting capacity 
m kv-a.? 

R. M. Spurckj I cannot give clearances in inches because, 
as a general rule, the interrupting capacity of an oil circuit 
breaker is not a function of the minimum clearance to ground, 
the interrupting capacity is dependent' upon other factors, 
the minimum clearance to ground is, fixed however, by the 
standards of the American Institute of Electrical Engineers, 
which specify an insulation test, for one minute, of 2V, times 
j . rated volt! ^ e - P la s 2000 volts. To meet this test, the 
designer may improve the shape of the electrodes, he may use 
linings of various insulating characteristics next to the tank 
or he may surround the contacts with insulation. The absolute 
distance to ground required to meet the insulation test is, there- 
ore, dependent upon the method of producing the required 
insulation. 

The restoration voltage occurring in an oil circuit breaker 
after each zero of current is sometimes erroneously considered 
to be 08 per cent of the line-to-line voltage, because this is the 
value which a voltmeter connected from line-to-ground or 
from line-to-neutral would indicate under normal conditions ' 
on a three-phase system. The actual restoration voltage wliioh 
occurs in an oil circuit breaker after each zero of current is 
not 58 per cent of the line-to-line voltage, but has been con¬ 
clusively shown to l.b 87 per cent of that line-to-line voltage. 

I an oscillogram were taken with the instrument connected from 
me to ground, the reestablished voltage would be shown to be 
higher than«the normal voltage by the ratio of 87 to 58 This 
value can be obtained on an actual system when a three-phase 
short circuit, not involving ground, occurs. 

It is possible that Mr. Osgood and other engineers do not 
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stated m the standardization rules of the Institute. The 
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liifeie: v : f WWlar of ml circuit breakers given herein.- guarantee. The principal effect of a cuarantfiA 
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the oirouit breaker is before it is offered for use 
does not generally enjoy this advantage.’ 

d that the condition in which a oirouit breaker 
a large factor in its successful porformanoc. 
i;- . ' , - J however, the condition is given due con¬ 

sideration m determining responsibility for failure, 
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convention at Del Monte, Calif,, while the General Electric 
WwT? 063 , 1101 guarante0 its breaker ratings it does stand .* 

back of its breakers, and will continue to do so. 

fV>A\r meo J' in K of the Oil Circuit Breaker Section of 
the N. E. ; M. A. and the Oil Circuit Breaker Subcommittee of the 

... .. ....... . .. 1"“* a year **> a ’l of those present were: unanimously 

.reasonable procedure would be for the manufacturer to «Si 5 a manu ( aotu r er could not guarantee interrupting 
« the interrupting rating of his circuit breaker defined f • ^“t^eakers beoause the interrupting capacity 

according to; the accepted rides of the Institute as to duty c5f Th ' d ® panded u » on W*™' maintenance and 

• . volta S« condition and relation of current interrupted\ 0 the Jnnnf.If, dU 'mu S '' d !:° barcelltlr, ' | y h e y°nd the control of tbo 

instant of short circuit and with the implied or stated under- N E I 0d C "-° Ult ' Broakor Subcommittee of the 

• - . ■ ; *■ h : A -> therefore, unanimously agreed that three alternative - 
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clauses bo recommended to the manufacturers, but expressing 
a preference for the following clause: 

“Because system, maintenance, and operating conditions 
are beyond the control of the manufacturer, interrupting capac¬ 
ities of oil circuit breakers cannot be guaranteed, but tins does 
not relieve the manufacturer of his contract obligation to deliver 
oil circuit breakers having interrupting capacities as specified.” 

Acting on this recommendation of the Oil Circuit Breaker 
Subcommittee of the N. E, L. A., tho General Electric Company 
adopted this clause as recommended. Under this clause, the 
company is boxind by a legally enforceable contract to deliver 
a circuit breaker having the specified rating, and evidence 
that the circuit breaker does not have the rupturing capacity 
specified would force the company to either replace the circuit 
breaker with one having the specified rating, or become liable 
for damages for breach of contract. 

Thoro may be uncertainty in tho minds of some manufacturers 
and some users as to the meaning of kv-a. interrupting capacity. 
Is it the interruption at unity power factor, or at approximately 
90 dog. lag? Is it the interruption of the current on an other- 
wise isolated bus system, or is it interruption on a system having 
a connected load with shunt reactance and electrostatic capacity? 
Is it on grounded or ungrounded systems? 

So far as the General Electric Company is concerned, and 
based on engineering information that has become available 
from field and testing department experience, the General 
Electric Company’s published interrupting rating includes all 
tho conditions above mentioned and this company will continue 
to publish ratings on this basis unless future development 
makes modification necessary, in which case, the published 
ratings will state that fact, 

Nicholas Smclofli On the second page I notice a list of 
voltages and rupturing capacities of breakers. ' Obviously 
not all of these breakers were tested. I should like to ask the 
designer whether the rupturing capacity of a circuit breaker 
can be determined quite accurately and be guaranteed? I 
don’t moan guaranteeing in the sense of standing back of the 
breakers that are sold but a guaranty saying, “Yes, tills breaker 
will open such a concentration of power,” nor, in the present 
state of tho art, is it necessary to actually test the break under 
laboratory conditions either in the factory or on a large system. 
Wo know that many breakers have not been tested; however, 
they are being quoted and it is being stated that they will 
Interrupt such and such amperage or kv-a. . * 

L. W. W. Morrow j Tho primary consideration in laying out 
largo power systoms is: What is the ultimate rating that wo can 
expect in this “oil gonerator”, (as Mr, Spurck puts it) ? Certain 
systems have made us arrive at the conclusion that we are ; about 
up to the limit as regards the rating which can bo expected of 
this type of breaker—about 1,500,000 Icv-a. represents the;limit. 

I should like to know from Mr, Spurck if it is feasible and if 
ho thinks it is practicable to consider designs of breakers of this 
character up to 6,000,000 or 6,000,000 kv~a. interrupting capac¬ 
ity, which is going to be the kv-a. required to be interrupted if 
present methods of laying out some power systems are to be 
■ continued, ^,/. .. : • ' •• v•. • • ••:y. : ■(... 

The second feature which is appearing on the Jiqrizou is an 
entirely new approach to circuit-interrupting equipments and . 
methods. Prof, Sorensen, of California Institute of Technology* 
presented a paper 2 a year ago in which lie used a vacuum switch 
with copper electrodes to interrupt ; circuits^y^^emtrary to 
theory and expectations, there was no pitting, and, the circuit 
was interrupted, at the first half-cycle. Experimentation is 
still going on which may or may not (we don’t know today) 
lead to the development of a new method and new type of 
equipment for interruptiiig power circuits. Ishould like to have 
Mr, Spurck tell us what he thinks of such a development. 

2. Vacuum Switching- Experiments at California Institute of Tedmoloau . 
R. W. Sorensen and H, E. Mendenhall, A. I. E, E. Journal, December, 
1026, p.1203. 



Iii all breaker design, the third interesting item which ha s not 
been brought out is the very marked development in speed of 
separation of contacts. Iu other words, five or six years ago, 
tho number of cycles required to stretch out tho arc before the 
current was interrupted was much greater than the cycles that 
are required today, due to tho development o*f high speed in the 
separation of the contacts. I should like to know if Mr. Spurck 
thinks that we have reached about the limit in the speed possible 
in separation of contacts and if there is not an important func¬ 
tion of the breaker’s interrupting capacity to be measured in 
time of opening which involves not only the mechanism action 
but the energization of the relays which actuate tl^e breakers also ? 

May not the development of the so-called electronic re¬ 
lays give us still further advantages in the operating time 
periods of those oil circuit breakers? * 

R. M, Spurck j Mr. Smeloff asks some questions about the 
interrupting rating of oil circuit breakers and wants some 
assurance of their reliability. Our data on interrupting capacity 
are based oil empirical data which have been obtained from many 
thousands of tests in our own factory and have been checked by 
field tosts. To my knowledge, no one has ever been ablo to 
calculate accurately interrupting capacity from the fundamental # 
physical laws involved. As previously mentioned, gas formation 
is a factor. If we can determine the maximum amount of gas 
formed during a large number of tests under fixed conditions and 
if we can further determine how that maximum gas formation will 
vary as we vary the conditions, we shall have a wonderful instru¬ 
ment to use in calculating the interrupting capacity. It is 
obvious that £uch data can be obtained only from thousands , 
of tests. 

We have obtained such data from tests made in our factory, 
and the actual interrupting capacities of breakers designed in 
accordance with this compilation of data have been checked 
up to 750,000 kv-a. of interrupting capacity at 132,000 volts. 
Wo are now extending our facilities to have available within 
the next few months, a 100 , 000 -kv-a. generator, designed to 
give a sustained short-circuit of 500,000 kv-a., to be used ex¬ 
clusively for oil circuit breaker testing. No doubt we shall then 
be able to increase the reliability of our higher interrupting- 
capacity ratings. 

Mr. Morrow has asked several questions which I shall have 
to subdivide in order to answer clearly. First is tlie question 
of the limit of interrupting capacity. The answer to this 
is dependent upon the voltage which is to be considered. So 
far as interrupting capacity is concerned, we should have 
no great difficulty in obtaining any reasonable number of millions 
of kv-a, in the breakers of extremely high voltage,—for example, 
220,000 volts. When, however, breakers in the 15,000-volt 
class are considered, the problem becomes more difficult because 
of the electromagnetic stresses and the burning of contacts 
which would result from the extremely high currents. Breakers 
having interrupting ratings of 2 , 000,000 kv-a. at 15,000 volts 
are now available. Such breakers must interrupt 80,000 amperes 
and must withstand 100,000 or 125,000 amperes for a short 
time. It is obvious that the contact burning and electromag¬ 
netic forces which may result from such currents must present 
formidable problems to the oil-circuit-breaker designer. • 

It is not desired to leave the impression that, were it necessary 
to design a breaker for even higher interrupting capacity, we 
should not attack the problem but—expressing a personal 
opinion—I do not believe it desirable to tie systems together 
in such a manner that two or three hundred thousand amperes 
of short-circuit current would be possible. 

As already stated, the problem is less difficult when extremely 
high voltages are involved. In such oil circuit breakers the 
current effects are not serious because an interrupting capacity 
of 2,000,000 kv-a. means only about 5000 amperes at 220,000 
volts as compared with the 80,000 amperes which must be inter¬ 
rupted to give the same kv-a. rating at 15,000 volts. Currents 
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vay much higher than 5000 amperes must be encountered ing and eleetrophysics, including teaching, design, 
before the current effects become a serious factor, ,, & ^ r i * , 

Mr. Morrow’s next question related to the vacuum switch °P®, ation, consulting practise, research, study, and 
afl developed by Professor Sorensen in California, Tho develop- ^ ter ary work, 
meat of switches of this typo is still in its infancy. It is not ^ Electrical Machinery, 

unlikely that such a fewitoh will eventually prove to be practical, Shafts subjected to a combination of torsion and 

but at tho present time we have not sufficient data to predict flexure, 

definitely just whore its field of application will be and how rw;' 1 i i * t n , 

well it will perform. On tical speeds and whirling of shafts. 

The next question raised by Mr. Morrow is that of speed. Unbalanced magnetic pull as an additional load on 
This quostion naturally dividos itself into two parts. The first the shaft. • , 

ib tho actual spe^d of separation of the contacts and the second Mechanical stresses in revolving field poles dove- 
i« tho tirao between occurrence of the short circuit and the tails etc. & i * 

final oxilnction of the arc. Consider, if you please, the first a/ n <• . , 

question: The usual mechanical limit of the speed that can strength Of revolving disks, Solid and with holes, 
reasonably be obtained over a considerable distance is approx- Torque, speed, power, and energy ill various units, 

ixnately 20 ft, per see. The limit is, of comae, imposed by Retardation tests on electrical machines } gradual 

the Problems of accelerating the contacts sufficiently, and then conversion of stored energy into losses* the low nf 

retarding them at a rate which will not result in a severe shock retardation ' c * 
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,or more amperes obtained in the arc serves to extinguish the cuei £y Ui rotation, m terms Of angular velocity and of 

arc With only a relatively small separation of contacts, in this moment of inertia; the question of units. Changes in 

lRViT’fi lg j. sl l° ed °( oont ®' cfc separation is uqi; a very great factor, momentum and in energy as a result of a oivon avtavnn 1 
For the higher-voltage breakers it is true tliat an appreciable immilso remngy as a lesult Oi a given external 

advantage would bo derived from a Iiigh speed of contact separa- nlZ'-t i 

tion, provided that snob speed could be maintained throughout ^ entlltUgal governors of hydroelectric units and 
the total break distance finally required to extinguish the arc. their theoi T* 

It does but little good, however, to open rapidly for a short Hunting of synchronous machines- reduoHnn of n 

& foS li and t daJnph^ UlUm: equivalent Coring 

of th f period,-f. e., when the break distance is Sf, , ? 8> ,.. 
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Noise and vibration of machinery; effect on sur- 
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y,v- 4 P W “wng perioa, t. e., when the break distance is vr.. 

P-eatest.—ene that the rate of gas formation is greatest. Noise and VibratlC 

%afaaa' : i; ™ «wM« the second part of the question,—that of getting r °U»ding structures. 
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hens would justify tho extra cost of obtaining those high speeds. Stresses in an aerial conductor due to its wekh I; 

r— '' ': , .. . .. and wind. igm., siett, 

AI 'KE°KS'''° in 8th "v 












Nov. 1027 KARAPETOFF: APPLICATIONS OF MECHANICS TO BLEGTRICAL ENGlNE|JRlNG 1285 | 


Electric locomotives; suspended and non-suspended 
weights, link motions, connecting rods; their unbalanced 
forces and stresses; influence of the position of the 
center of gravity in nosing, 

IV. . Mechanical Forces Due io Magnetic Fields. 

The magnitude of these forces is most conveniently 
derived on the principle of virtual displacements, and 
this principle can be best explained on a system of 
material points or on an elastic girder under load, so as 
not to complicate the treatment by electromagnetic 
quantities. 

Busbars through which alternating currents are 
flowing behave like uniformly loaded beams and also 
vibrate at the synchronous frequency or a multiple 
thereof. 

V. Electromechanical Applications. 

Belting, rope, gears, silent chains, etc.; properties 
of springs. 

Energy storage in large adjustable-speed driving 
motors used in steel mills and with mine hoists. 
Starting and stopping of elevators and cranes, 

VI. Communication Engineering. 

Laws of vibration of diaphragms in telephone trans¬ 
mitters and receivers, automobile horns, etc. Nodes 
and harmonics; vibrational impedance. 

Acoustics of buildings, resonating chambers, horns, 
etc. ' ■: : v ' 

Properties of sound waves. 

* Speech analysis. 

VII. Galvanometers and Oscillographs. 

Study of the motion of the coil in a ballistic galvanom¬ 
eter, as an example of a damped pendulum. Effect 
of .the moment of inertia, torsion constant of the sus¬ 
pension, air friction, eddy currents/etc. * 

, Laws of vibrating strings, resonance. 

VIII. Waves andOscillations. — W >'■: 

An understanding of electric waves and oscillations is 

.. .much facilitated by a previous study of mechanical 
v waves and oscillations. 

The following topics would help in particular: theory 
of the pendulum, resolution of an irregular .periodic 
motion into harmonics; resonance and near-resonance; 

■ wave-motion in solids and gases; velocity phase and 
pressure phase; water waves in pipes and in open canals; 
different kinds of reflection. >•' ; -L ; ' 

• ' T V: T TA ,,.rt7.,....... ■ 1 







corresponding electrical subjects: f■ 

Differentiation of vectors in deriving components of 


acceleration of a material point moving along a curved 
path; • _ 

Gradient and potential, in application to gravitation; 
Concept of divergence, explained in application to 
hydrodynamics; ’ i • 

Curl explained in application to translation and rota- Vf 
tion of a rigid body and to vortex formation in a liquid, . ; | 
General equations of hydrodynamics of a perfect ■ '|;5 
liquid, in the language of vector analysis, introducing; If 
velocity potential, conjugate function^, and mapping;; J 
of lines of flow in two-dimensional problems. f jj'yls 

X. Theory of Elasticity. ' . '..%L 

The general method of treatment used in the theory;* & 

of elasticity is useful in the study of electrostatic and M 
magnetic fields, preparing the student’s mind both from; V 
a physical and format mathematical points of view. 

XI. General Laws of Motion, . 

Modern electronics is built essentially upon classical 

laws of motion of material points and rigid bodies, these 
laws being modified by the quantum hypothesis. 

The following topics are useful in understanding 
modern works on the structure of matter: 

Laws of motion of planets around the sun/ because 
of their application to the structure of the atom. 

General*laws of motion under the influence of attrac¬ 
tive or repelling centers, i 
Flight of a projectile subjected to various forces; 
application to moving ions and their deflection by 
electric and magnetic forces. 

The gyroscope and its precession; this finds an appli- V 
cation in the theory of atomic spectra. 

A'Alembert's principle and analytical expression of 
constraints. Fundamentals of the calculus of varia¬ 
tions and the principle of least action. 

Lagrangian equations of motion and the Hamil¬ 
tonian canonical form of equations; theory of astronom¬ 
ical perturbations and its modification in the theory 
of a complex atom. • 

XII. Statistical Mechanics. . -V 

In ionized gases and liquids, we have to consider a 

large number of discreet particles endowed with differ¬ 
ent velocities. They are dealt with according to the 
VppjjCiples of the so-called statistical mechanics, which 
is a rapidly growing science, auxiliary to atomic 
physics. The be^t introduction into the subject is the 
' classical idiietic (or dynamical) theory of gases, with its 
considerations of distribution of velocities of particles, 
probabilities of various kinds of collisions, elastic and 
inelastic, viscosity, Brownian movements, motion of a 
in a medium consisting of bombarding particles, 

. 

A useful topic is also that of partition of energy among 
‘Various degrees of freedom of a mechanical system. 
H.This later leads to the principle'of equipartition and to 
! v its failure in certain cases, thus preparing the student’s 
mind to the quantum theory? (61* jumpwise changes in 
energy), with its applications to the problems of con¬ 
duction, radiation, specific heats, etc. 
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advcrtisJn S c 0Py should reach this office by the 
iCth day of the month for tho issue of the following montln 

T ^onBiblcJor the statements and 
Z«T%l Wen tn ,( fie Vipers arid discussions''published 
^}* se are U . l l , w «f« of individuals lo whom they are 
credited and arc not binding on the membership as a whole . 

Regional Meeting in Chicago 

November 28-29-30 

regi0 ^ “!, CetiDB of Ule Great District Will 

'Sr 28 29 Sd° 30 £ 0 i 027 ° n y ' TueSday a “ d ***&&*• Novem- 
Dmkflff n^ d ™ 19 « 27 ', J CouVeutlon headquarters will be at the 

The flrSt day WlU be devoted t0 st >'dent activities 

tp-tbe 

Chicago offers to those attending the meetimr oxe«nHn«oi 
opportunities for first-hand acquaintance with many of the 
neewest aud latost developments in the electrical art,As well as £e 
attractions of a metropolitan city. In additim, to in .. 

mootings of the Orst day, which will innlndf n student 

on diverse Subjects, there will bo on TnSdh* le ° tl0 “ 9f: papors 
Poaium on single-conduotor 132 tv morning a sym- 

doaign. manufaotu 

authoritatively bv Jea,w e iJ toto . 8 ° abIe will be discussed 


country may secure reduced railway rates. From Michigan, 
Ohio and Indiana, round-trip tickets will bo available at one and 
one-half times the one-way fare. From points west and south¬ 
west of Chicago and from Wisconsin, round-trip tickets will 
cost one and one-third times the one-way faro. Members should 
consult their local ticket agents for complete information. 1 

Hotel Accommodations 

All meetings will be hold at the Drake Hotel, This hotel is 
located on the lake shore outside of, but close to, the business 
district of the city. The management of tho hotel offers to the 
convention special rates of $6.00 per double room and $4.00 per 
single room, with bath in each case. The hotel will sorvo buffet 
luncheons during the convention at a special rate to delegates, 
Reservations should be made directly with tho hotel and should 
be made early on account of the expected large attendance at 
the Live Stock .Show, 

The rates at other Hotels in tho vicinity of convention head¬ 
quarters are given in the accompanying table; 

HOTEL RATES 


Hotol 

Location 

Room rat 
(With 

os per day 
bath) 

♦Single 

Double 

Drake*.. 

Eitol. 

Virginia . 

Devonshire.. 

Delaware and Rash Streets 
Rush and Ohio Streets 

17 East Ohio Street 

£4.00 

3.00 

2.50 Up 
2.50 Up 

SO.UO 

4,00 

4.00 up 
3,50 up 


M 
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aud elnotoia -Sterns wfil engage themorn- 
■ elootrio communication the afternoon, 

>. ■ • v.i ( Transportation 

stoo n k 
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Inspection Trips 

, An 'uug6ment has been made with the Illinois'Central railroad 
for a special train to take visitors over the electrified' system, 
stops to be made at control points, substations and shops, 
Other trips of inspection are arranged to generating stations, 

nlS° n p m T tUr plaDts ’ steo1 mills ftnd major 
pro ects Persons desirous of seeing installations not included 

j&scsss’* ™* y m " i ’ m a * 

Dinner-Dance 

tjjff Jl lesda f• #ve “ i “ g tbo cottvention banquet will bo hold at 
the hotel This will be informal. The dinner will start at 0 30 
aud dancing will be from 9tol2. atel, aMa din“ 

•re mil bo a uliort address by aapoakot of national repo tatlon. 
Registration 

J p,ann “ fi . t0 atton d the meeting are requested to notify 
J. E. Kearns, Chairman of tho Hotel and Registration Commit 

CMcZ* S : " ° Ct ' . i0 -r p r y ’ 230 South Street, 

Immediately on arrival members and guests are in-end to 

"* y b> 

Committees 

"n. ST * H '. *“i * *• B»i .»<! H. E.wJSr'”' 

«ai-C. W. Pen 1», vLv 

Transportation Inspection Trip^L M 6 ™^ 
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INSTITUTE AND RELATED ACTIVITIES 



9,00 a, m. 
9.15 a, m. 


F. R. Innes, Chairman, H. S. Vaile, Vice-Chairman; Student 
Convention —J. F. H. Douglas, Chairman, C, M. Jansky, Vice- 
Chairman; Ei?m«ccs—K. A. Auty, Chairman. 

PROGRAM 

Monday November 28 

Devoted to Branch Conferences and Student Technical 
Session. See Student Program on page 1293 of this Journal, 

Tuesday Morning 
Registration. • 

Address of Welcome, B. G. Jamieson, Vice-President 
in Great Lakes District. .= 

Symposium on 132-Kv. Single-Conductor, Load- 
Covered Cable—II. W. Eales presiding. 

(a) Introduction —Economics and Commercial De¬ 
mand , P. Torehio, The New York Edison 
Company. 

The demand and the field of use for the 132-kv, cable will bo 
described with a discussion of its possibilities and limitations. 
(5) Theory , Design and Development, L. Emanueli, 
Sociota Italiana Pirelli. 

The story of the development of the cable, Joints and auxil¬ 
iary equipment will be given. The design is of a new typo 
embodying paper Insulation maintained lutdcr a hydro¬ 
static presBuro of oil and operated at an olectrlcal stress 
which is about double the previous maximum used in this 
country. 

(c) ‘Manufacture, Inspection and Testing, Wallace 
S. Clark, General Electric Company. 

The now type of insulation required new motliodn of manu¬ 
facture and many interesting tests. 

(d) Installation, A. H. Kehoo, United Electric Liglit 
and Power Company; C, H. Sliaw and J. B. 
Noe, the New York Edison Company; D. W. 
Roper, Commonwealth Edison Company, 

The installation of a 12-mJlo lino in Now York and a G-milo 
lino in Chicago presented many unusual and difficult prob¬ 
lems iu underground cablo work. Those operating men will 
describe the peculiar features of those installations, 

Tuesday Afternoon ' 

Buffet Luncheon. 

Session on Railway Electrification and Industrial 
Application—B. J. Arnold presiding. 

Illinois Central Electric Operating Experience , W. M. 

Vandersluis, Uliiiois Central Railroftd. 

In J uly 192G the Illinois Central Railroad replaced 220 miles of 
steam-operated suburban train system in and around 
Cliicago with a 1600-volt, d-c. systoni, Tho operating 
oxporlonco to date will bo described. 

Operating Experience with'.t85-Tori Storage Battery 
Locomotive in Chicago Railroad Terminals, 
Edward Taylor, General Eloetric Companyt . 

This paper discusses the operating data of a 125-ton, storage 
battery locomotive used for switching In Chicago terminals. 
Operating Performance of Rectifiers , Caesar A ntoniono, 
Chicago, North Shore, and Milwaukee Railroad 
Company. 

This paper deals with the results of practical application 
• 000-volt, 1000-kw., mercury arc rectlflor to inter urban 

irailway (service and its adaptation to automatic operation, 
^^tll^pmparod to the synchronous convertor. 

for Steel-Mill Operation, W. T, 
General Electric Company. 

)^^Iii : ^:tii^|hroadenlrig application- of : the synchronous motor, it 
is now en ter in g the Held of the s tool industry, : -This paper 
will describe its adaptation to such service, 

. Tuesday ,Evening •: • r \ 
l;p. m. Dinner-Dance. ; ' % 

• .Wednesday, Morning V 

9.15’a. m. Session, on Power Systems-^H. B. Gear presiding. 

*■^-1 The Chicago Regional Power System, E. C. Williams, 
Public Service Company of Northern Illinois. 


2.00’p. 


n : K ' 


2.00 p* in. 


This paper contains a brief historical outline of tho develop¬ 
ment of the electricity supply business in Chicago and 
vicinity, a description of the present system and a forecast 
of its future development. 

The Hall High-Speed Recorder, E. M, Tingley, 
Commonwealth Edison Company. 

The data obtained with tho Hall recorder on tho extensive 
12,000-volt system in Chicago are given and discussed with 
over GO-cablo failures tabulated. 

Relay Protection for Interconnected Systems , L. N. 
Crichton and H. E, Graves, Wostinghonse 
Electric & Manufacturing Company. 

The rapid growth of complicated interconnected systems 
and networks has made the relay prollem one of groat 
importance. This paper will discuss recent developments 
in the use of relays. 

Alternator Characteristics Under Conditions Approdch- 
ing Instability , J. F. H. Douglas and E. W. Kane, 
Marquette University. 

Performance curves under conditions of charging lifies of 
considerable capacity are shown, including conditions pro¬ 
ducing polo slipping and a method of predicting performance 
is illustrated. ' . 

Wednesday Afternoon 

♦ 

Buffet Luncheon. 

Session on Communication—H. L. Hope presiding. 
Recent Developments in the Process of Manufacturing 
Lead-Covered Telephone Cable , C. D. Hart, 
Western Electric Company, f ■ . 

This paper gives a discussion of tho production of telephone 
cables on a very largo scale and describes the recent advance- 
mints which have been made in tho art, 

Telephone Toll Plant in the Chicago Region, Burke 
Smith and G. B. West, Illinois Bell Telephone 
' .Co. 

The growth of the telephone toll business In tho Chicago 
region in recent years and some of the engineering and 
operating problems involved are doscribed. 

A Two-Range Vacuum-Tube Voltmeter, C. M. Jansky, 
Jr. and C, B, Feldman, University of Minnesota. 
This paper doscrlbos the design of a vacuum-tube volt¬ 
meter suitable for measuring alternating voltages over a 
.wide range of frequencies. Input impedance, methods of 
calibration, limits of accuracy and some possible us os are 
discussed. 

The Vacuum-Tube Rectifier, J. E, Kulilmann and 
J. P. Barton, University of Minnesota. 

An oscillographic study of the effect of various filters upon 
tho rootifted current is given with a description of a method 
of measuring tho small a-c. ripple in the rectified current by 
moans of the vacuum-tube peak voltmeter. 


Special Meeting of Institute Membership 

In accordance with an action taken by .the Board of Directors 
on October 19, a special meeting of the Institute membership 
will be held at the Drake Hotel, Chicago, on Tuesday afternoon, 
November 29, 1927, at 2:00 o’clock. . • 

The purpose of this meeting is to consider the adoption of a 
resolution which has been prepared by the counsel of the Insti¬ 
tute and approved by the Board of Directors, authorizing an 
amendment of tlie Certificate of Incorporation of the Instituted 
under which "the date for holding the Annual Meeting for the 
year 1928 shall be Tuesday, June 26, 1928 and thereafter shall 
be such date as shall be fixed in tho By-laws.” 

The Annual Meeting is at present held in New York, N. Y. t 
in May, A recent amendment to the Membership Corporation 
Law of the State of New York permits holding the Annual 
Meeting outside the State, and it is the intention of the Board 
of Directors, if the proposed change is approved by the member¬ 
ship at this special meeting, to arrange each year that the 
Annual Business Meeting shall be held during the Annual 
Bummer Convention commencing with the Summer Convention 
of June 1928, in Denver. 


1 . 


• l 


• • 


*• « 














1288 


INSTITUTE AND BELATED ACTIVITIES 



Journal E. E. 


Future Section Meetings 

Cleveland 

Automatic Train Control, by Prank F. Fowlc, Consulting 
Engineer. The meeting will be held in the Electric Rooms, 
Hotel Statler, at 8;Q0 p. in., November 17. 

Television, by J.'W. Horton, Boll Telephone Laboratories. 
The meeting will be held in the Electric League Room of the 

Hotel Statler, at 8:00 p. m., December 15, 

Eric 

Banquet. Joint with Technical Federation of Erie. 
Speakers: Janies Burke, Burko Electric Co.; Charles Milton 
r y. Newcomb, Ilurftorist, on ‘‘The Psychology of Laughter.” 
^ November 15. 

, “The Romantic Development and Economies of Niagara 
y * Power,” by W. K. Bradbury, Niagara Palls Power Co. 
Dooember 20. 

. > New York 1 

1 'Predicting the Future for New York,” by Bancroft Ghemrdi, 

,:» National President, A. I. E. E.; B. II. Shreve, Shrove and Lamb, 
and President, New York Building Congress; C, E. Smith, 
Consulting Engineer; L. S. Miller, President, New York, West- 
, 'Chester & Boston By. Co.; James S. McCulloh, President, 
New York Telephone Co., and John W. Liob, Vice-President 
and General Manager, New York Edison Co. November 4. 
MK't ," Resear;:l1 aad Research Men, by Dr. Willis R. Whitney, • 
Director of Research Laboratory; General Electric Co., and 
. *-'■ I' 1 -.’Kettering, General Dirootor, General Motors Research 

Laboratory. December 2. : 

• ' Pittshurdh;; ; . 

The Modern Oscillograph — The Analyst of the Unknown, by 
J - W. Itegg. Westinghouse Electric & Mfg. Cq, November 15. 

; i 1 “Engineer vs. Salesman—-Who’s Ahead?” by G. M. Gadsby 

President, West,Penn Power Co. Deoomber 13. 

Pittsfield ' ■ - 

St ?<W Power Plants, by F: S. ColUngs. November: 16. 

/V.. ;i • » ■■■ ■;^.r 

. ■ , . SR. Louis • ■ 

Public Utilities and the Public, by L. H. Egan, President, 
Union Electric Light and Power Co.; E, B. Nhns, President, 

• Southwestern Bell Telephone Co.; Geo; B. Evans, President, 
Laclecle Gas Light Co.; Bolla Wells, Receiver. United Railways 
Co. of St. Louis. November 16. , y 

Railroad RlccLrifir.nti.nn Ivt 7 X n n Ti,. T711_ i.i.' -rs 


Approval by the F inance Committee for payment, of monthly 
bills amounting to $36,305.70, was ratified. 

A budget for the appropriation year beginning October l; 1927, 
was adopted as prepared by Die Finance Committee. 

In accordance with the provisions of the Constitution, Messrs. 
Will D. Ray and Thorburn Reid were made “Members for Life” 
by the remission of future dues. The former has been a member 
of the Institute for thirty-five years, and the latter for thirty- 
seven years. 

The Secretary reported 1187 members in arrears for dues for 
the fiscal year which ended April 30, 1027, and was authorized 
to remove from the membership list on December 1, 1927, all 
of those whose dues for that year remain unpaid at that time and 
who have not requested an extension of time for the payment of 
those dues. . 

Five members of the Board of Directors were selected to serve 
on tiie National Nominating Committee, as follows: Messrs. 
H. C. Don Carlos, B. G. Jamieson, II. A. Kidder, G. L. Knight, 
and H, P, Liversidge. 

Complying with the request of the officers of the Pacific and 
Xoi fch V\ est Districts, the B oard adopted a resolution authorizing 
those two Districts to hold their annual Student Activities 
Conferences jointly, during the Pacific Coast Convention each 
year, instead of separately, traveling expenses at the rate of 
ten cents per mile one way to be paid frbrn the Institute treasury. 

Upon the recommendation of the Committee on Coordination 
of Institute Activities, the following schedule of meetings was 
adopted for the year 1928, the exact dates in some instances to 
be determined later. . 

February 13-17 Winter Convention 


March 
April 
May 

June 25-29 
August or 
! September 
Gotoberjor.^: 
NoVeinbei* 


Regional Meeting 
Regional Meeting 
Regional Meeting 
Summer Convention 


Hew York City 
St. Louis, Mo. 
Baltimore, Md. 
Now Haven, Conn. 
Denver, Colo. 


Pacific Coast Convention Spokane, Wash. 
Regional Meeting 


% >; rn • T ■'vr; rn Pf directors of the American 

Institute of Electrical Engineers Was held at Institute hoad- 
quarters,.New ; York, on Wednesday, October 19, 1927. 

■ . Ty Present: President Bancroft Gherurdi, NewYork; 

Vice Presidents H, ,M. Hobart. SellononfaVi-v n r. 


•flfi 

-! >|5|r|j 


Y 1 'Y<%' 

• • - 


Atlanta, Ga., or else- 

! . • V v r ■■. ■ •/.?•=... . •;5 where in Southern 

. \ ! V District. 

The Secretary reported that in accordance with the Board’s 
action at its April 1927 meeting, lie had obtained from the counsel 
of the InstiUjJo advice as to the necessary procedure to change the 
date and location of the AnuuaLBusiness Meeting of the Institute 
to permit of holding it outside of the City of New York and during 
the annual Summer Convention; and: first step in the 

required procedure the Board adopted a re solution calling a 
special meeting of the Instituto,-lh:C|ioag6; Illinois, November 
20,1927, at 2:00 p. m., (during the Chicago Regional Meeting), 
for the purpose of considering and authorizing an amendment of 
the Certificate of Incorporation of the Institute changing the 
elate of the Annual Meeting. 

The following amendments to tiie Institute Bydaws were 
adopted: : . ■ , 11 

: ^ ■:i ;• . ..v . •, 

Se c.;- 81. •... Subs fci tatted the: folio will g far tho proson t- sect I on: 

LV -'A’SEGi: 81,' Bach District Executive Oomndiiteb shall appoint" a ■ 
small continuously functioning Coordinating Committee consisting of ■ 
tlio Vice-President and District Secretary, cx^Mcto, and four ad- 
ditipnal members of tho Executive Committeo andono Student Branch • ' / 
Counselor 'who : shall serve for a. term of on o year. Tho four Soctiou ^ 

io Counselor shall bo eligible"for reappointment if they ' > ^ 

—- 3 of the Executive Committeo and Counselor respectively 1 ‘ 

^•l°l l P>yiug,yqar; ^his.’Oooi^atlhgi' • ■& 

\'<y\ 
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“Upon expression by a District Executive Committee of a desire to 
hold a regional meeting, and approval by the Board of Directors, the 
responsibility for the meeting shall rest with a Regional Meeting 
Committee of'nine, composed of the seven members* of the District 
Coordinating Committee and two additional members representing 
the Section in which tho meeting is to bo hold." (The cost of the 
paragraph to remain the same,) 

(To conform with amended Sec. 31.) 

Secs. 48, 50, 54-50. (Oovorlng Students and Student Branches.) 

To malco eligible for Student Enrolment in tlio Institute' those 
sludonts who are registered in the general engineering curricula, but 
who expect to take.up tho study of olcctrical engineering—to meet tho 4 
condition in institutions of recognized standing in which a student 
wishing to study electrical engineering'must register in a curriculum 
bearing thonamo of “general engineering 1 * or simply “engineering/* 

Sec. 48. It opine od first sen tone e by: . 

“Any .porson registered as a full-time student in a university or 
technical school of recognized standing who is pursuing a regular 
course of study in preparation for tlio profession of electrical engineering 
may bo on rolled as a Student of tho American Institute of Electrical 
Engineers/’ " ■ 

Second sontonco: no change. 

Third sentence; (I) Replaced tho word “giving" by tho word 
“providing"; (2) deleted the word “olcctrical"; (3) replaced the 
word 1 'course" by the word “curriculum/ r 

(Tho word "curriculum" substituted for the word “course" because 
tho latter is frequently used to designate tho work given in a particular 
subject.) 

Sec.. 50. Fourth line; Replaced tho words “graduation from" by the 
following; "award of the baccalauroato degree/ * 

(For tho purpose of making clear tho fact that tho period of enrolment 
terminates one and one-half years after tho award of tho baccalauroato 
dogroo, and cannot bo considered as terminating one and one-lmlf years 
after tho award of a degree for graduate work.) 

Sec, 54, First line; D ole ted tho word “electrical 

Third line: Deleted tho word “electrical." 

Ninth line; Replaced tho word ♦‘electrical** by the word 
“engineering/' 

Tenth lino: Doletod tho word “electrical." 

Sec. 55. Second lino: Replaced the word “course" by the word 
1 "curriculum." 

Third lino: Deleted tho word '‘olcctrical." 

Sim. 50. Fifth line; (1) Dclolcd tho word “electrical/: (2) Replaced tlio 
word “ course" by the word “curriculum/' 

Sue. 73. First sontonco; Added the word "tlio Meetings and Papers 
Coinmittoo of tho previous year," changing tho sontonco to road as follows: 
"Sec. 78. Tho Committee on Award of Institute Prizes shall 
consist of tlio chairman of tho Meetings and Papers Committee, acting 
as chairman, mid tlio chairmen of tho Publication Committee, tlio 
Research Committee, tho Meetings and Papers Committee of tho 
provious year, and tho chairnion of such other committoos as the Board 
of Directors may designate. This Committee shall award tho prizes 
established by the lnstituto in accordance with the details of procedure 
adopted by tho Board of Director^/? # 

•' i•' ' /This change is required by tlio revised prize policy adopted by the 
; : Board of Directors June 23,1027.), 


by the word 


participation in this celebration by the engineering and allied./' /J 
technical societies as a proper tribute to Washington, who was an . f' 
engineer. The Joint Conference Committee had adopted a. d yp, 
resolution recommending to the governing bodies of.the Founder: 

Societies * 4 that each society appoint one representative on,a- 
joint committee to give consideration to the Washington Celebra- . • 

tion in 1932 and recommend to the governing bodies such action ■_> 
as (he committee deems desirable regarding the participation 
^ by the societies in the proposed Celebration/' The Board'.! 
concurred in this resolution and authorized the President to 
appoint the Institute's representative on the proposed joint 
committee, < _ 

Upon the recommendation of the Joint Conf^eneaCommittee^,/ih;;v. ; ^j{|||| 
the Board voted that an invitation to participate in the propose#/; 

World Engineering Congress, Toldo, Japan, in 1929, be accepte^f)^/* 1 ^^^^ 
on behalf of the membership of the Institute and the President 
authorized to appoint a representative on a joint committee 
the Founder Societies to take such steps as appear desirable 
to serve as a nucleus in tlfo formation of an American Committee 
on Participation in the Congress. 

An invitation to bo represented by two delegatos at the 
bration of the Centenary of the Incorporation of the Institutio'n:r.' ! :^::^|| 
of Civil Engineers (Great Britain), to be held during the 
beginning Juno 3/ 1928, was accepted, and tlio President 
1 authorized to appoint the delegates. • ' ’" 

| Other matters of importance were discussed, rof orenoe;tip 
which may be found in this and future issues of the Jouhna&. ; 

•• ••• r 7 ' •>/-. 

L World Engineering Congress in Japan in ^^f f 

A World Engineering Congress will be held at Tokio for 
l period of, two weeks during the latter part of October. 1929; 

Baron Shiba, as the official representative of fourteen Japanese:ggg||!|||p^^ 

3 technical societies,, reported at a recent luncheon'at 

versity Club; New York, that definite* progress in preparati^^^^W 
3 for the Congress was now being made. Re received the assur- 
: ance of American support from tlio group of engineers, present,, : ||| 
l representing the national engineering societies, 

*' utility eye0titiVes, apd, pbnsulting engineers, 
o The preliminary plans for the congress cover some seventeen 
:1 different divisions 1 as follows; General problems, 
s education, administration, management, statistics, standardi- 
6 zatipn, international cooperation; engineering science; public 
0 vmrks;Aoiiimunloation and transportation; power; architecture 

and structural engineering; mechanical and electrical engineer-/ /: 


• •••■/ Board of Directors June 23,1027.) and structural engineering; meoiifuneai ana eieotriLiu eugiuwi- .. / 1 

' Consideration was given to recoup ing; chemical i^« B try; ; tex t ileintetr y ; sWp^d^and m^no ; 

'X/‘ . to Committee covering changes in the stylo of publication of engineer^;:aeronautical and- automate . 

. v : r-■■;/■' msessk ; ^/ 


engineering;; aeronautical ancr automotive eugiuwoiig, 
and ^btalluirgy^; engineering materials; fuel; water work^:^/ , r. ^,| 

• /:.X : publication in tho Journal, and tlio -Board diyodtod that a drainage,/bating, ventilation, illumination, refrigeration; scion- . 

notice to the membership regarding those proposed^ changes, ll thTrneoting of the Board of Directors of the American ? J, 
f freepost for comments, be published m Urn-November Eugilrs on October 19th Urn following |/| 

;■ .; Tho following appointments of Institute representatives were , nvltatlon fo participate in the Wohl Engi*ccri«g // 

made: Mr. II, A. Kidder appointed to Board of Trustees of the congress, Toldo, inso, bo accepted on boimlf of tlio membership of tho - . 

V ' ■ ijnitod Engineering Society; fc» term of three;years commencing mstltuta'and the Presldont be authorized to appoint a representative opa;, . . 

: in January 1928, succeeding Mr. B. Gherardi, whose term expires joint committee of tho Founder Societies to take such B ^ r ,~„ R oom- 

<****•« a- t ln 8 

1 .. ■ : .,' 1 ' ' 1 •/■ Foundation Board, for term of three yeard commencing in • _ ' ■ ■ , ' 


mittco on Participation in the Congress. 


■ Mr. Fredoricdc M* ’Sorvos was appointed Local Honorary Researchers in Dielectrics Requested to 
iecretary of the Institulo for Brazil, to fill'tlie unexpire'cl term, , ft^nnrt Troblerns They are Studying 

«» Joint Conteren™ OwL o< Uio nmtm Sooi.tl.B , by DMiioo otEnBln«on»ItJ Ui 9 
«iideni R nnrl Rtmrefnriesnf SiSs&etiesl reported cohsicidra- ■,' to'fell'ffifttibody the specific proUeins^hich he is working, 
ithbf a coitimunioation to tlio Soototaries of tho societies from : All information received in this way will bo tabulated and used 

by the Committee on Insulation in this Committee’s efforts to 

#,/ . SSTbSwSritSe 200th AnrhvisirSof fe Bi^.iofV^rdlAbtb^Bearoh'm this fleld;and' thus elimins^ unnecessary 

.. in In ic.uo nn ,i „n/rn S l;i,m organized duplication, The information should be sent to the Division^ 
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Engineering, National Research Council, 33 West 39th Street, 
;;Nev York, N, Y. 

Many benefits should result if this information is collected 
and made available, Wasted oftort from duplication of work 
will be eliminated, problems not receiving consideration will be 
pointed out, and the store of knowledge on the subject will 
increase much faster if opportunity is thus given for coordinating 
research programs. 




William B. Woodhoiise in the United States 

William B. Woodhouse, Past-President of the Institution of 
Electrical Engineers of Great Britain, has recently visited Canada 
and the United States with the object of noting the developments 
in the electrical industry. His trip included Quebec, Montreal, 
Buffalo, Detroit, Chicago and New York, 

On Tuesday, October 25, a luncheon was given in his honor 
by Presrident Glierardi at the Railroad Club, New York, which 
was attended by eight past-presidents tff the Institute and some 
of the present officers. Brief informal addresses were made by 
Messrs. Gherardi, McClellan and Pupin, and an interesting 
response was made by the guest of honor. 

The occasion was very enjoyable to all present and will tend 
to strengthen the friendly relations already'existing between 
the two organizations representing the electrical engineering 
profession in Great Britain and America, 


. . ■ 
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Bureau of Standards’ New Grouping of 
, Activities 

An important change in the administrative organization of the 
Bureau of Standards, which it is believed will make for increased 
efficiency through a better grouping of the Bureau’s numerous 
activities, was announced today by the Director, Dr. George 
K* Burgess, 

Under the new arrangement Dr. L. J. Briggs has been ap¬ 
pointed Assistant Director in charge of research and testing, 
while Mr. Ray M. Hudson .becomes Assistant Director in charge 
of commercial standards. , 


m 
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Edward Dean Adams Represents American 
Engineers at Fifth Centenary of Louvain 
University 

The University of Louvain, which was one of the first in 
Europe to give attention to the natural sciences, has just cele¬ 
brated its 500th anniversary with brilliant ceremonies, and in 
these ceremonies, the engineers of America have participated 
through the spokesmanship of Doctor Edward Dean Adams, who 
was chosen as their representative. For forty years, during the 
f French Revolution and the Napoleonic wars, the. doors of the 
university were closed. It reopened however, in 1835 and its 
faculty of science was established, attracting by its research 
work many students and professors from all over the world. Its 
colleges of engineering and science grew and did excellent work 
until devastated by the World War, when the great library was 
totally destroyed by fire; but the buildings are now being 
restored and enlarged through the collaboration of national 
resources and the assistance of the United States and other 
countries. Under the auspices of an American committee with 
President Butler of Columbia chairman, and the leadership of 
Mr. Whitney Warren a New York architect, a new library 
building has been designed and is being erected with money 
contributed by hundreds of thousands of Americans. Nickels 
and dimes from more than half a million school children and 
teachers; gifts of from SI.00 to over a hundred thousand from 
students of practically every college, university, academy 
and preparatory school; city departments, foundations and 
individual have contributed to this important undertaking, 
Dgctor Adams represented 56,000 American engineers to a 
distinguished assembly of the nations royalty and dignataries of 
both state and nation. Keen interest was manifested in the 
development and maintenance of this permanent joint activity 
for scientific achievement, stimulated by the work in individual 
fields of research. The tower of the new building will bo 
designed for a four-dial clock and carillon—a perpetual re¬ 
minder of the good will of the American people. Another 
ceremony typifying the support of the four founder societies 
was the planting of four California redwood trees,—seedling 
Sequoia Gigantea,— in front of the new engineering build¬ 
ing. This ceremony was performed by Doctor Adams and his 
grandson, Kemp ton Adams. ' 


Award of John Fritz Medal for 1928 

October 21, the John Fritz Gold Medal for 1928 was awarded 
to General John J, Carty, of New York, Past-President of the 
Institute for achievement in telephone engineering. 

This annual award was made unanimously by the Board of 
sixteen representatives of the American Societies of Civil, Mining 
and Metallurgical, Mechanical, and Electrical Engineers, having 
an aggregate membership of 57,000. 

This medal is awarded not often er than once a year for notable 
scientific or industrial achievement, without restriction on 
account of nationality or sex. It is a memorial to John Fritz, 
late of Bethlehem, Pennsylvania, long a leader in the American 
iron and steel industry. 

This is the 24th award. A few of the Medalists are Elmer 
Ambrose Sperry, for development of the gyroscope; Edward 
Dean Adams, for achievement in development of hydroelectric 
power at Niagara Falls; John F, Stevens, for achievement in 
planning and organizing for the construction of the Panama 
Canal, building of railroads, and administration of the Chinese 
Eastern and Siberian Railway during and immediately after the 
World War; Ambrose Swasey, as a designer and manufacturer of 
' instruments and machines of precision, a builder of great tele¬ 
scopes, and the Founder of Engineering Foundation; Senator 
Guglielmo Marconi, for invention of wireless telephony. 

The members of the Board which awarded the Medal for 1928 

were: . • .• : ':•••’• * ■ ■ • •••••• r •; 

# ' . • 

Charles F, Loweth, Chief Engineer, C. M. & St. P, Railway. 

C. E, Grunsky, Consulting Engineer, San Francisco. 

Robert Ridgw^y, Chief Engineer, Board of Transportation, 
New York City. f • . • 

Geo. S. Davison, President, Gulf Refining Co., Pittsburgh. 
Arthur S. Dwight, President; ■ Dwight & Lloyd Companies, 
New York, - "i ■ \ ■ 

William Kellys Mining Engineer, Iron Mountain, Michigan. 

J. V, W. Reynders, Consulting Engineer, New York. 

Samuel A. Taylor, Consulting Engineer* Pittsburgh. 

Fred R. Low, Editor, Ppiwcr, New York. 

W. F. Durand, Professor, Mechanical Engineering, Stanford 
■ University.hr; ; •”••••.• 

Dexter S. Kimball, Dean, College of Engineering, Cornell 
University.' ..... 

Charles M, Schwab, Chairman, Bethlehem Steel Corporation, 
Gano Dunn, President, J. G, White Engineering Corporation, 
New York, 

Farley Osgood, Consulting Engineer, New York. 

Michael I, Pupin, Professor, Electro-Mechanics, Columbia 
University.' ' 4 : ‘ \ : 

C. C. Ohesney, Manager & Chief Engineer, General Electric 
i: Company^Pittsfieldj Mass. > 

The presentation of : the Medal will take place in February, 
1928, in connection with the Winter Convention of the American 
Institute of Eleotrical f Engineers, in the Engineering Auditorium, 
29 West 39th Street, New York. The Medal will be presented 
to General Carty fyy Robert Ridgway, Chairman of the Board 
which made the award. 1 ' -w '; V" • 
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EXCEPTIONAL RESEARCH PROBLEMS 

Since 1914, 'when Ambrose Swasey established the Engineering 
Foundation, the idea of such a national research institution has 
gained ground steadily and surely. The income from tlm 
Foundation which in 1915 was S5000, has increased to 830,000; 
Mr. Swasoy’s several gifts totaled$500,000; there has been 150,000 
from Henry R. Towns, 850,000 from Edward Dean Adams, and 
$10,000 from Seeley W. Mudd. In connection with the coopera¬ 
tive projects in which the Foundation lias participated, many 
donations of equipment, materials for research, services, and 
money have been made and several wills of persons still living 
are known to contain bequests. 

’It is pertinent to inquire what advantage for research the 
Engineering Foundation enjoys over individuals and business 
organizations? In general, the advantages are similar to those 
which the Rockefeller Foundation possesses in its well-known 
work of safeguarding health. They .are, briefly, the advantage 
of long views and broad purposes; easy cooperation with other 
institutions; not having to produce a profit; conservation of 
funds, continuity of service, and unified direction by experienced 
trustees, flexibility of purpose, and the prestige of the four founder 
engineering societies, 

There are too speoifie advantages for effective research pos¬ 
sessed by Engineering Foundation. In modern engineering, 
numerous problems are constantly arising which no individual 
nor industrial corporation feels justified in attacking, not having 
the time, equipment, nor ability to conduct a particularly difficult 
piece of research’. Frequently a company hesitates to take up, 
singlo-handod, a problem to the solution of which a dozen or a 
hundred companies should contribute hut for which no one wishes 
to take the lead. In such a situation, Engineering Founda¬ 
tion steps forward as a detaohod, non-commercial party, and 
invites cooperation. 

Sometimes there are doubts and obscurities of technical pro¬ 
cedure which are positively harmful, but which no individual or 
company feels it a duty to clear up. Such conditions arise in 
modern industry as a consequence of rapid chan|es and adjust¬ 
ments and the'extremely diversified and disjointed nature of 
America’s tremendous engineering undertakings. Leadership 
out of such prodioaments can host he initiated by an agency 
like Engineering Foundation. It is to the best interest of the 
country’s industries, not to mention the interests of the engineer- 
ing profession and the public at large, that such a free, unbiased 
institution exist to act as a clearing house for engineering 
research. 

More detailed oxamplos of the policy and accomplishments 
of Engineering Foundation will be given in a later article. In 
the dozen short years of its history it has been as active as any 
of its sponsors could wish. There will always be plenty of 
opportunity for it to exercise its funbtioris, even when its endow¬ 
ment reaches the $5,000,000 that it hopes to attain. 


A. S. M. E. Annual Meeting 

On December 5-8, The American Society of Mechanical 
Engineers will hold its Annual Meeting at the Engineering 
Societies Building, New York, N. Y. Machine shop praotise 
will occupy the opening sessions; thero will be also considerable 
data presented upon railroad subjects, fuels, the handling 
of materials, pliotograpliy, management, aeronautics, central 
power stations and research will also occupy important places 
upon tiie interesting program which the Society has planned for 
its members and guests. At the final session, Thursday after¬ 
noon, Dec. 8, the Henry R. Towne Lecture will be given by 
T. S, Adams, Professor of Economics at Yale University. 

A New Ultra Violet Ray Machine *; 

A device that lias been called M a machine with a moral sense’ 5 
because it Will detect erasures on checks, show up bootleg whiskey 
in its true colors, expose art forgeries and imitation gems and 
do almost everything except make arrests, is one of the wonders 
which attracted attention at the Electrical and Industrial 
Exposition, held at the Grand Central Palace, October 12 to 22. 

This is a new ultra violet ray machine being demonstrated; :• 
by Dr. Herman Goodman, a member of the Illuminating Eng% J! 
neering Society. No false object seems to be able to withstand 
its searching scrutiny. | r 

Dr. Goodman states that the principal purpose of his experi¬ 
ments has been to seek the forms of glass best adapted to the 
transmission of the full health-giving violet rays which are in the 
sunlight. He states that some forms of glass, said to transmit 
the rays, are loss than 40 per cent efficient, but there are. some 
expensive quartz glasses Which allow for its full transmission. 

The principle upon which this apparatus operates is that the 
invisible light which scientists know as ultra violet causes 
fluorescence to appear in ft great many substances and changes 
the appearance of others. Consequently, when a great volume 
of ultra violet light is generated through a mercury vapor arc 
in quartz and then passed through a special filter, which cuts- 
out all but the deep .violet and invisible rays, it makes visible 
that which cannot be seen with the naked eye. 


B. McDonald. 




Engineers’ Clulb of San Francisco Dedicutcs 
New Headquarters 

On Friday evening, September 30, the Engineers’ Club of 
San Francisco formally dedicated a Welhequipped ohd very 
attractive new hdme at 206 Sansome St., San Francisco. As an 
organization, the Club cooper^ every way not only with 
the local section but with the many seotiops. 'of engineering 
societies. Its headquarters has become this';"gathering place 

for unebeon and evening meetings. ’ • 


S PERSONAL MENTION 

1. . .I,,,,...m.timi...'. 

F. Krug, was appointed General Manager of the Porto I^ico 
Railway Light & Power Company, effective September 1st. 

Harry Diamond has resigned from the teaching staff of 
Lehigh University to take up work as Associate Radio Engineer 
at the Bureau of Standards, Washington, D. C. 

c O. M aillqux, Past President of A, I. E. E. was an appointed 
observer at the Congress of the International Confederation 
of Intellectual Workers,at Paris, September 26 to 29* 

Clovis M. Converse, former Manager of the Power 
Apparatus Department of tlie Groat Northern Electric Appliance 
Company, St. Paul, Minn., has been made its Sales Engineer or 
the G. & W. Electric Specialty Co. ‘ \ 

L B. Wilmot, Who from 1920 to 1926 was carrying on a private 
consulting practise in South Africa, is now consulting mechanic! 
engineer to the Anglo-American Corporation, Ltd. t Northern 

Rhodesia, Africa, , ' ' « r .* • 

Frank E. Pitt, who was District Engineer for the South Vk ales 

Electrical Power Distribution Company, Ltd,, Cwmbran, Eng¬ 
land, has joined the Lancashire,Electric Power Company as 
District Mains Engineer, *•*,* . 

Stanley S. Seyfert, Associate Professor of Electrical Engi- 
neering, Lehigh University, Bethlehem, Pa., is spending a year s 
leave-of-ahsenoe at the Massachusetts Institute of Technology 

in study and research. ^ ,, 

William G. Houskdeper announces his resignation fiom_tlia 
Technical Staff of the Bell Telephone Laboratories, Inc. Two 
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years ago Mr, Ilouskeeper received the John Scott Medal 
for his work on sealing base metals to glass, 
j W. E. Doty, formerly associated with the Briiuswiek-Bnlke 
I Collender Co,, Omaha, Neb., in radio and electrical reproduction 

"work, lias accepted a position as Research Engineer with the 
Sanitation Equipment Company, Battle Creek, Mich. 

;l. • Yabudiro Satcai, Consulting Electrical Engineer and Regis- 

fy -tered Patent Attorney, Tokyo, Japan, lias been appointed by the 

Imperial Government to serve as a member of the Examination 
Committee for the Admission to Patent Attorneyship, 
i Henry Logan, who previously had charge of the Cleveland 

I?;* /• Office of the Holophane Company, lias returned from his pro- 

y* fessional survey of European lighting developments and is now 

m Malinger of a new Consulting Department in the New York 
ffe; Office of’this company. 

fpp.V • D. J. Moulton-Red wood has recently joined The General 

W: Motor* of N. Z,, Ltd,, as Assistant. Engineer. A short time 

Jje/V prior to his departure for New Zealand, Mr. Redwood was 

|§;V' Works Engineer for the Canadian National Carbon & Prost- 

IfO * ‘ O-Litq Companies, Toronto, Canada. 

ih. ii. G. Howard, of the Whitehall Securities Corporation, 
§ft■■■;;. i.y 1||Lonclon, and Chief Engineer of the Cia Cliilena do Eloctricidad, 
flHpantiagOj Chile, has been appointed Hydroelectric Engineer to 
life 0 Government of Madras, India. Major Howard was formerly 
\\Bphief Engineer of the Mexican Light & Power Co., Mexico City, 
pHliSv.T homas F. Peterson, formerly Cable Engineer for the 
, ' Brooklyn Edison Co,, lias recently resigned Ills position to boopm© 

Cable Engineer in the Electrical & Wire Rofto Sales Department 
of the American Steel & Wire Coinpaiay, in which* capacity lie 
will serve as consultant to cable users on all problems appor- 
^ify;f taining t° specifications, installations, jointing and testing of 
.cables and wires. ; j;’--; / 

Thomas Ahearn, pioheer in the held of electrical ontorpriso,^- 
telographic, telephonic and power supply-r-is now one of those 
' whose portraits hang on the walls of the Dominion Archives in a 
collection of outstanding Canadians, He is chairman of the 
Federal 1 improvement Commission and in this capacity has 
been doing vigorous construction work, as well as being the 
present president of the Ottawa Gas, Electric Light, Power & 
Traction Companies. Mr. Aliearn joined fcho Institute in 1887, 
IT. W. Brooks has resigned- from the position of Consulting 
Engineer for the Erie City Iron Works, Erie, Pbt, to roirigage 
in a private consulting practise with oftices in New York and 
St/ Louis, Jin will, howeverj ; remain aresident ; of iFreteohiti 
■MB Ohio. ilr. Brooks is internat/ionaliy known for his raseareh 

.. and development work in combustion and steam onginoering 

1 and -was formerly Fuel Engineer for the tT. S, Bureau of Mines. 

During the War, lie was Chief of the Machinery Section, Ord- 
V ; ■ iianoo, U . S. Navy, and has served in both oxoouti ve and ad visory 

. capacities in idio (losign and eonstruotion of some of the largest 

. power plants in North and South America. Ho is a member 

of the American Committee of the World Power Conference.. 

. Joiin BoswBiiL i'WniTBHEAf), Professor 6£ Electrical Engineer¬ 
s' ing and Dean of the School of Engineering at Johns Hopkins 
wMwm*. 1 University, has recently returned from Frnnnc. wWn. rbirW : 


ing and conferred with many educators, scientists and engineers, 

He also visited many laboratories, manufacturing plants, and 
engineering installations. The University of Nancy conferred 
on Professor Whitehead its Medal of Honor. 

Obituary 

John L, Phillips, Pacific Coast manager of the Okonito 
Company, died suddenly at San Francisco, September 6th, of 
heart failure. Mr. Phillips was well known in the electrical 
industries of the Pacific Coast. From 1900 to 1901 he was in the 
Electrical Department of the Northern Pacific Railroad, which 
position lie left to become superintendent of the Electric Liglitiug 
Company at Staples, Minn. He returned to the Railroad 
Company the following year and remained with them as Signal 
Engineer until 1910. Then he became Assistant Engineer and 
Estimating Engineer for the General Railway Signal Company, 
Rochester, N. Y. In 1914, he was chosen Sales Engineer of the 
Central Railway Signal Company, New York, N, Y. and hold 
this position up to the time of engaging with the Okonite com¬ 
pany m 1919. Mr. Phillips joined the Institute in 1921. 

Sydney Fisher, Production Engineer of the Bridgeport 
Brass Co. died October 16th, in Philadelphia. He was a native 
of Grays, Essex, England, but came to America at a sufficiently 
early age to receive his elementary education in the public 
schools of New York. He returned to England, however, for 
an electrical engineering course at the Woolwich Polytechnic 
Institute, Woolwich, Kent. This he took in conjunction with 
an apprentice course at Siemens Bros. & Co„ Ltd,, London, 

This was followed by a course at ColumbiaUniversity, from which 
in 1914 he obtained his degree of Electrical Engineering. Prior 
to liia last position as Production Engineer for the Bridgeport 
Brass Co., he engaged in general electric work for the Western 
Electrio Co., Now York, N. Y., the Westinghouse Electric & .>• 
Mfg. CoV, Pittsburgh, pa, and was Electrical Enginoer for the 
Remington Arms & Ammunition/ Mr. Fisher joined the Lnstb 
tube in 1016, V ;• • 

Roy D. Huxley, Associate Professor of Electrical Engineering 
at the Case School of Applied Science, Cleveland, was killed 
September 2 in an automobile accident 1 at Niagara,Falls, N. Y. 
Professor Huxley was born Nov. 1889 at Florence, Massachusetts, •; 
and attended public school at Northampton, In 1907 lie entered 
the Massachusetts Institute of Technology .from which he gfadu- - || 
ated in 1911, receiving his degree of Master of. Science in 1912 and 
of Doctor of Engineering in 1914, In 1912 ho acted as Assis¬ 
tant in CiVjl Eugineerihg at tho M. I. T, Summer School and from 
September of that year to June 1914 was engaged in a post¬ 
graduate course there. During this time lie designed and built 
an artificial transmission line for laboratory use, For a short 
time lie was employed as engineering apprentice in the office of 
tho Electrical Engineer* Boston i; Elovated Railway Company; 
planning' carrying out trainrperformanco tests in the: Gain- ' 
bridge Subway, From August 1914 for several years he was 
Svith Uib American Telephone and Telegraph Company 1 in. the 
Transmission and PrdtcctlonBranohof the Engineering Depart¬ 
ment, dealing especially withproblems of telegraph transmission 
and siihultaneous telegraphy and telephony, Prof. Huxley i 
became a member of the Institute in 1917. v k • 
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records, and tlio elimination of unnecessary expense for postage 
and cl or i cal work. 

Raymond W. Klobf; Cutler ITammor Mfg. Co. Milwaukee, Wis. 
F. W. Molitor, Gohoral Delivery, Los Angolos, Calif. 

Arthur' B. Nowell, 315 Marlborough lid., Brooklyn, N. Y. 
Richard T. Quass, 610 Cornell St., Portli Amboy, N. J, 

Julius Ronay, Amor. Stool & Wire Co., Donora, Pa. 


Martin S. Ruby, Lubbock, Tex. 

Thomas Sheehan, 2126 Vyse Ave., New York, N, Y. 

E, R. Shepard, 5522 Conn. Ave., Washington, D. C. 

Richard A. Towers, 455 Lafayette Place, Culver City, Calif. 
Sidney J. Wild, 869 Grand Ave., Oakland, Cdlif. 

R. T. Wilkins, 158 Hicks St., Brooklyn, N. Y. 

Beuj. U. Young, Cheyenne Lt. Fuel & Pr. Co., Cheyenne, Wyo* 
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Urtmfnn Radio Broadcasting as a Public Service , by 0. H. Caldwell, 

_ , oi * i mi* Federal Radio Commission and Supervisor of the New Ybrk 

Inspection trip to Fore River Yard of tho Bethlehem Shipbuilding District and 

tefcu ^Tn ar OotoL S i S AUmZne 0 Commercial Aspects of Radio Broadcasting, by Dr. A. J. Arnold, 

lftlkby Oapt. L. bbano, U. b. JM. Uotolioi 1. Attendance National Broadcasting Co. October 14. Attendance 125. 

Radio Communications, by Senators Guglielmo Marconi. This 
Cincinnati talk c i ea |t w ith a review of Mr. Marconi's past and present 

The Use of X-Ray, Medical and Commercial , by W. S. Werner, work in beam radio projection, covering particularly 

Kelly-Koett Co. September 13. Attendance 126. . measurements made with relation to fading, skip distances, 

paths followed by beams, effect of static, comparative values 

Detroii>Ann Arbor of various wavelengths, etc. October 17. Attendance 850. 

The Value of Great Men , by Dr. M, S. Rice. September 27. Niagara Frontier 

Attend unco 02. Carrici'-Cui'vent Tclepkone t by E. C. Markley, General Electric 

Indianapolis-Lafayette Co. September 23. Attendance 80. . j 

I installation and Operation of the New Manual and Automatically Philadelphia 

$ Controlled 'Substations of Indianapolis Street Railway „ Conowinao Project by N. E. Funk, Philadelphia Electric 
f Company, by L. C. Sponcor. After the talk an inspection J u nT 21 J * = • 

SUSP .r 

Los AnjJclcs slides. October 10. Attendance 300. 

Tandem System of Handling Shorl-Haxd Toll Calls in and about y . i Seattle , 

4 Los Angeles, by F. O, Wheeldck, Southern California Tele- General Problems Relating to High-Voltage Systems, by. R. D. 
di phorto Co. Illustrated. October 4. Attendance 101. Evans/ Westingliouse Elec. & Mfg. Co. Illustrated. 

.‘IP September 29. Attendance 74. * 

//V'M d> Milwaukee . , < Toronto 

tfTlu i Progressive Development of Carbon-Dioxide by g ola j Meeting. September 30. Attendance 116. 

= §f J & Goosman lW W. Wolf Company. September 21. ° me J ons in \ ho Range of Telephone Communication, By 

|v j: Attendance 23C. Bancroft Gherardi, National President, A. I. E. E. Sep-: 

Minnesota (ember 17. Attendance 75. 

A Motor Tow of Europe, by Prof. G. W. Multloman, Hamline . Vancouver . 

, University, and . . . ' * . ./ . Problems • Relating to High-Tendon By stems, byR. D. Evans, 

latest Developments in Radio, by C. M. Jansky, University of Westingbouse Elec. & Mfg. Co. September 30. . Altai-. 

Mi Minnesota. • • Oelobor 3. Attendance 18. ' dance 38. 
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Mln.nosota. October 3. Attendance 18. 

New York 


Washington 


/ ; Columbia Broadcasting CO.? ■ . . . . ....... . .",.iunuim| , : * ■ _ / ^ 
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CniOAOO RF.OIONAI, MEETING Purdue University.. , ; n *. . 

' 'iDxlion^ivO' plans' .for. a. ’Sthdon't. ’ Convention' including both a • • •: #i 8 i r ibutiohin D-C. Generator Teeth, T. B. Holiday, urdue ^ ^ 
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DISTRICT CONFERENCE ON STUDENT ACTIVITIES 
3*00 P. M. 


Report of Committee on Program—Professor C. M. Jansky, 
Chairman.. 

Symposium oil Student Branch Problems From Student Point 
of VieSv: 

The Management of Electrical Shows, H. E. Hunt, Michigan 
State College. 

Financing of Branch Activities, J, R. Adrian sen, Marquette 
University. 

Branch Programs, G. C. Brown, University of Minnesota. 
Ways and Means of Interesting Underclassmen in Branch 
Activities , Arthur Dromp, Rose Polytechnic Institute. 

Social Activities of Branches, L. J. Van Tuyl, University of 
Michigan. 

General Discussion of Above Subjects, 

The Problem of the Branches , Professor C. M. Jansky, 
Counselor, University of Wisconsin, • 

Discussion, 

Unfinished Business. 

Election of Officers of District Committee on Student 
Activities. 

See page 1286 for complete information on other features of 
the Cpnvention. 

BRANCH MEETINGS 
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Alabama Polytechnic Institute 

The Purpose of the Student Branchy by Prof, W. W. Hill, 
Counselor, September 21. Attendance 50. * 

Armour Institute of Technology 

: Business Meeting. October 7. Attendance 31. 

California Institute of Technology 
Account of ike Pacific Coast Convention, by J. W. Thatcher. 
* Attendance 12. 

University of California 

Efficiency, by Dean Woods, and 

'' ' LooJcing Ahead, by Mr. Winters. Banquet and Initiation, 

'■'*' Other short talks were given by Dean Cory, Prof. Bals- 

baugli, Prof, McFarland and A. G. Montin. September 
Attendance 101. 

Clarkson College of Technology 

. Business Meeting. The following officers were elected: Chair- 
man, G, L, Rogers; Treasurer,,D. L. Mayne; Secretary, 
J. Schuyler Loomis. October 1. Attendance 45. 

, Colorado Agricultural College 

$i$ : ; v Business Meeting. September 26. Attendance 20. 

l'i'‘ University of Colorado 

The Benefits- of Belonging to the A, I. E. E., by A. L. Jones, Chair- 
% : man, Dean H. S. Evans, and Professor W. C. DuVall, 

S 'Counselor. The following motion pictures were shown: 
l* f Th^Electrical Giant’’ and “The Transatlantic Telephone.” 
I v * H. R. Arnold was elected Secretary. September 28. 

ml Attendance 70. . ■ 
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. . >>( {^Telephone Trunsmssion, by W. G. Rubel, President, 

Mountain States Telephone Co. October 5. Attendance 60. 

S.S l{■I'K . .; Drexel Institute ■ // 

* Business Meeting. Discussion of program’for the year. Talks 


Iowa State College 

Business Meeting. General discussion of year’s activities. The 
following officers were elected: President, Win. II, Curvin; 
Secretary, W. H. Stark, May 31. Attendance 15. 

State University of Iowa 

Business Meeting, The following officers were elected: Chair¬ 
man, F, L. Kline; Vice-Chairman, J. T. Jones; Secretary, 
M. B, Hurd. September 28. Attendance 23. 

Electrification of Gold Mines, by J. S. Beck, and 

Light from Ileat, by N. R. Bector. October 5, Attendance 23. 

• 

University of Kansas- ^ 5 

The Purposes of the A. I. E, E. and the' AdiRmidftyps MM ember ship 
In It, by Professor G. C. Shaad, Counselor® October 6, 
Attendance 90. . : sf 

Lafayette College 

Business Meeting. The following officers were elected: Chair¬ 
man, John W. Dagon; Secretary, H. W. Loveth. October 
1. Attendance 22. 

Lewis Institute 

Business Meeting. October 4. Attendance 21, 

Michigan State College 

A motion picture entitled “Wimrdy of Wireless,” was shown 
October 4. Attendance 54, 

Mississippi A. & M. College 

Business Meeting, Short talks were given by Professor LJL. 
Patterson, Counselor, and Prof. Commander. R. S. 
.Kersk was elected Secretary-Treasurer. October 6. At¬ 
tendance 45, 

University of Missouri 

Aims and Activities of the A, /. E, E.—Why Electrical Students 
Should Be Enrolled, by Prof. M. P. Wembaok, October 3. 
Attendance 35. ']}. 

University of Nebraska 

Electrification of Railways, by J. M. Zimmerman, West! . 

Elec, & Mfg. Co. Illustrated with slides and motion 
pictures, September 29. Attendance 125. 

University of Nevada 

Business Meeting. September 7. . Attendance 45. 

Newark College of Entjlneerind 

My Impressions of the General Electric Company at Schenectady 
This Summer, by Prof. J. C. Peet, Counselor. H, L%; ; 
Harrison was elected Secretary. October 6, Attendance 39. 

University of New Hamsphire 

Talk by Chairman S. S. Appleton on the Pittsfield Regional 
Meeting. September 21. At tendance *39. ' 

Spot Welding of Dissimilar Metals t by G. P. Balch; 

High Pressiire Steam — Its Advantages and Disadvantages . by 
F. E. Beede, and 

Street Lighting Control Systems, by S. S. Appleton, September 

28. Attendance 39. 

A section of Park’s “English Applied to Technical Writing” was 
discussed by L. E. Boodey, F, W. Drew and I. Gove. 
Octobers, Attendance 39. 

College of the City of New York 

Inspection trip through the Schenectady Works of the General 
Electric Co. September 19 and 20, Attendance 9, 

Motion picture, entitled “The Busybody” was shown. A 
tentative program for the term was presented, September 

29. Attendance 32, 1 . «... 


vAV.^ 

■ 'wm 

mi\ 

• YM 


,r 


■Wm 

'-'mk 


•p.. , c £ „ North Carolina State College 

Discussion of program for the year. Talks -o • ^ c i , A n . n 

Professors R; 6. Disque, Dea^ and E; 0. ^ usmess Me0tlne -. s ®P tember 26 - Attendance 8. 

or. September 30. Attendance 18. Get-together Meeting, Short talks were given by PrbfessorWm. 

and Cha’ " ^ ‘ 


bairman J. C. Davis. 


University of North Carolina 


.nge t > Counselor. September 30. _ „ 

MVC;-.- ‘ H. Browne, andC. W. Ricker 

|PR18ap»i^>K •:-?>•*•!•University o! Idaho • j .■ ; ' ;October 3. Attendance 83. 

_J®IR Rewetu of. the Lake Chelan, Washington Hj’di'oelectrio Project 
of the Washington Water Power Company, by C. L. Farrar. 

leo „ tl !P ? n "Purposes and Principles of Student , Short talks were given by Professors Dagget, Lear, and Smiley, 
of ttie Institute was also given by Prof. J; H, and Chairman D. M. Holshouser. September-' 2{i. • - 

Johnson. October 0. Attendance 26. . ' tendance.'35. 
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Northeastern University 

Insulated Wire and Cable, by E. W. Davis, Simplex Wire & 
Gable C 04 The Branch voted that a $5.00 prize should be 
given to |iie student presenting the best paper before it. 
September 27. Attendance 55. 

Ohio State University 

Freshman Party. After the exhibition of laboratory apparatus 
and the University Broadcasting Station, welcome addresses 
were given by the Chairman, A. B. Crawford, aud Professor 
F. C. Caldwell, Counselor. September 26. Attendance 55. 
Business Mooting. October 7. Attendance 30. 

. Oklahoma A. & M. College 

Motioii: picture, entitled “Fifty Years of Telephone Progress,’! 
w|S shown. October 5. Attendance 30. 

University of Oklahoma 

The Qualifications of a Good Engineer, by Milton Dewitt; 

The Michigan Institute of Technology , by Prof. Walters,, and 
The Membership of the A. I . E. E. and the JoiriWAn, by Prof. 
F. G. Tappan, Counselor. October 6, Attendance 27. 

Pennsylvania State College 

Social Mooting. September 28. Attendance 145. 

Talks on their summer work were given- by four students-— 
J. L. Wagner, Ci F. Bryant, L. Kane, and W. J. Gorman. 
Tlie following officers wore elected: Vice-President, J. b . 
Houldin; Assistant Secretary, R. L. Hallett. October 12. 
Attendance 37. 

Purdue University 

Organization Meeting. Talks on A. I. E, E. by Professors 
Harding, Topping and Rowell. October 4. Attendance 
116. 

Rhode Island State College 

The Purpose and Privileges of the A. /. E. E., by Prof. Win. 

Anderson, Counselor. September 30. Attendance 21. 
Electronic Rectifiers, by Prof. Wm. Anderson. October 7. 
Attendance 33. 

Rose Polytechnic Institute 

Business Mooting. September 23. Attendance 26. 


University of South Dakota 

The Advantages of Student Enrolment in the A. L E. 7?., by Dr. 

B. B, Brackett, Counselor. Talks on the International 

Units were also given by Dr. Brackett and Stanley Boogto,: 
Chairman. September 28. Attendance 13. • . 

Texas A. & M. College y ", 

Business Meeting. Tlie following officers were elected: Chair¬ 
man, J. L. Pratt; Secretary, H. W. Whitney. September 
30. Attendance 85. 

Virginia Military Institute 

The A. 7. E. E ,, Its Purpose, Membership and History at V . M, 
by Col, S. W. Anderson; • 

Educational Advantages of the A. 7, E . E,, by Maj. R. J. Triable; 
Graduate Courses in Different Industries, by Capt. J. S. Jamison, 
and 

Programs and Plans for the Coming Year , by D, N-. Higgins, 

R, D. Ketnor and G; H. Shield. September 22. Atten¬ 
dance 28. * 

University of Virginia 

An Electrical:Engine Starling System for Automobiles, by C. H. 
Davis, Jr., Secretary,' A motion picture, entitled Reve¬ 
lations by X-Ray,” was shown. October 6. Attendance 25. 

Washington University 
Business Meeting. October 0. Attendance 39. 

University of Washington 

A talk was given by Dean C. E. Magtmssou on tlie A. I. IS. jS.K 
and on the Conference on Student Activities held at Detroit, 
in Juno. October?. Attendance 35. 

West Virginia University 

Business Meeting. The following officers were elected: Presi¬ 
dent, G. B. Pyles; Vice-President, G. E. Phillips; Secretary', 

C. C. Coultor; Troasnrer, C. M. Borrow, Publicity Manager, 

S. C. Hill, September 26. Attendance 34. 

University of Wyoming 

Business Meeting. Tlie following officors were. elected: Presi¬ 
dent, James O. Yates;‘Vice-President, Stephen Anderson; 
Secretary-Treasurer, Ervin C. Moudy. Means of getting . 
new members and making a success of the organization were 
discussed. October 11, Attendance 7. 
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Engineering Societies Library 
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The library is a cooperative activity of the American Institute of Electrical 
Civil Engineers, the American Institute of Mining and Metallurgical Engineers and the „ c *reference 

teal Engineers. It is adminstered for these Founder Societies by the United Engine ^0 Society, aa a pmw r f 
library of engineering and the allied sciencee. It contains 160,000 volumes and sg w es i Thirty- 

most of the important periodicals in its field. It is housed in the Engineering Societies Building, 29 West 1 limy 

ninth Inorder W io Y place the resources of the Library at the disposal of those unable **&**&”*& 
prepared to furnish lists of references to engineering subjects , copies or translations of articles, and similar s 

6 OOks vhick may be rented by members residing in North 
America. A rental of five cmls a dag con cerning charges for the various kinds of 
those interested. In asking for information, letters should be made as definite as possible, so that the investigator may 

-Vv m. to-10 p. m,on all meek days except holidays throughout the year except during 

’Jifly .and August when the hours are 9 a, m. to 6 p, m 



BOOK NOTICES, SEPT. 1-30, 1927 

. • Unless otherwise specified, books in this list havo hedn pre¬ 
sented by the publishers'; ; The Society does not assume responsi¬ 
bility for any statement^jriade;: these are taken from tlie preface 

or the text of the book;444$-4* ^ 

All books listed may be consulted in the Engineering Societies 
Library. . 4 4 v ^ 

Airplane Design; Aerodynamics,. * 

By Edward P. Warner. N. Y., MeGxaw-HUl Book Co,, 1927. 
598 pp,, diagrs., 9 x 6 in., cloth. $7.50. 

Professor Warner has endeavored to provide a textbook for 
the student interested in tlie practical application of aerodynamic 


' theories to design. Ho has tried to systematize, correlate and r i|.g. 
coordinate the results of the great mass of experimental data A- 
which has been accumulated, and to present the results in..a.;^, ^ 
way which can be understood by a student of modorate malhcfej^ 
matical attainments., The book is based upon extensive; ex-' |g 

perience as a designer and teacher, ; - '44; 

Diiehstrom-Induktionsregler. 

By PI. F. Schait. Berlin, Julius Springer, 1927. 356 pp., 
illus., diagrs., 9x6 in., boards. 25,50 r. m. 

A, treatise on tlie design, construction and operation of poly¬ 
phase induction regulators. The first chapter treats analyti¬ 
cally the design of these regulators, while inltlie second chapter 
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fell© same material is handled vectorially; the combination giving 
a foundation for practical design. Heating and cooling are 
then, treated witli the fullness that their importance warrants. 
The methods advocated are then illustrated by an example. 
Tlie final chapter is intended for the operator, rather than the 
designer, and discusses construction and operation. 

.Electric Elevators. 

By F. A. Annott. N. Y., McGraw-Hill Book Co., 1927. 447 
pp,, illus., diagrs., 9x6 in., cloth. $5.00. 

This is .a weloome addition, to the scanty literature on modern 
elevators. It is descriptive rather than theoretical, and while 
all types of eleotric elevators are included, the emphasis is 
placed upon the latest designs. The book will be useful to 
yiose Who select and operate elevators.. 

Electric Power Equipment. 

By J. G. Tarboux. K. Y., McGraw-Hill, 1927. 455 pp., 
illns., diagrs., tables, 9x6 in,, cloth. $5B0. 

A book of broad scope, intended to give a bird’s-eye view of 
the whole field of electrical power equipment to students who 
already understand the fundamentals of electrical circuits and 
machinery. 

Starting with a brief survey of power resources, a study of 
types of prime movers and a ‘discussion of loads and lqad graphs, 
the topics*treated include generating equipment, synchronous 
■ generator excitation, circuit layouts, switching equipment, 
meters, transformers, switchboards, short-circuit currents, 
current-limiting reactors, transmission lines, distribution systems, 
otc. The book aims to present the essential elements of these 
subjects, so that the student will acquire a general understanding 
. of them. 

Lehrqang BEIt Hautetechnik, 

By Job, Sohiefer and E. Grun. 3rd edition. Berlin, Julius 
Springer, 1027. 211 pp., illus., diagrs., tables, 9x6 in., paper. 

7,50 r. m. , v 

A practical textbook on hardening and tempering for tool- 
makers. The book first explains the physical and chemical 
properties of steel, the methods of manufacture aud the co mm on 


tests. The arrangement and equipment of tempering 

I I I C shops are then described, afterwhicli the tempering and hardening 
% fjpfe - of tools for various purposes are discussed in detail. 

Personnel. 

gj By George R. Hulyerson. H, Y., Ronald Press Co., 1927. 

'I ' (Business administration series). 400 pp., forms, 9x6 in., cloth. 

I ' & 4 . 50 . 
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discusses transition points and thermal anatysis. 
and outlines for laboratory work are included. 

See-Und Haeenbau, g 

By Franz Franzins and Karl Boltemann. Bor. u. Lpz., 
Walter de Gruyter & Co., 1927. 152 pp„ illus., 6x4 in., cloth. 

1,50 r. m. 

An attempt to present this broad topic in the most concise 
and still easily understandable form, The little book discusses 
the sea and its movements, coast forms, the protection of land 
from encroachment and the construction of harbors, docks, etc, 

Theory and Practise of Rolling op Steel. ^ 

By Wilhelm Tafel. Translated by Richard Rimbach. Cleve¬ 
land, Ponton Publ. Co., 1927. 300 pp., diagrs., tables, 9* 6 in., 
cloth, $6.00. 

A welcome addition to the scanty literature of rolling. The 
work is an introduction to the theory and understanding of 
rolling and roll-pass design, and the author endeavors to present 
the reasoning which is necessary for successful design, rather 
than a collection of solutions of specific problems. The theories 
and toclmical conceptions of rolling are discussed, The design 
of passes and the arrangement of rolls are studied and the design 
of passes for merchant bars and shapes requiring equal and un¬ 
equal draft is discussed in detail. A chapter is devoted to power 
requirements of roll trains and methods of driving. 
Hnterstjchung von Schneckentrieben. 

By Rudolf Gruson. Mun. u. Bei\, R. Oldonbourg, 1927. 
(Berlin Toclmische Hocliscliule. Versueksfeld fur Masohin- 
enelemente. Heft 7). 27 pp., diagrs., tables, 11 x 8 in., paper. 

4,-r. m. 

Describes tests of a worm gear. A formula for temperature 
was found and the points of greatest efficiency and the admissable 
load were determined. The proper ties of the* most suitable 
oil and the narrowest possible breadth of wheel were ascertained. 
Versuche mit Fangvorrichtungen an Aufzugen. 

By Gerold Weber. Mun. u. Ber,, R. Oldonbourg, 1923. 
(Berlin Technische Hoohsohule. Versueksfeld fitr Maschin- 
enelemente, Heft 5). 40 pp., illus., diagrs., 11 x 8 in., paper, 
3,20 r. m. 

Gives in detail the results of a series of tests of safety brakes for 
elevators. Four types of brakes wore tested, the experiments 
being made at the testing field of the Berlin Technical High 
School. * 

Automotive Giants of America. 

By B, C. Forbes and O. D, Foster. N. Y,, B, C. Forbes 
Publishing Co., 1926. 295 pp,, ports,, 8x5 in., cloth, $2,50. 
Brief biographies of twenty leaders in the automobile industry, 


Discusses methods of developing and directing the staff of 
large business organizations through a personnel department. 

. ‘v 4 originally published in “Forbes Magazine.” 

SnirnniLDiNQ and the SmnnnuDiNa Industry. 

By J. Mitchell. N. Y., Isaac Pitman & Sons, [1920). (Pit- 
man’s Common Commodities and Industries). 116 pp,, illus., 


-features and the limitations of various metliods in such a way as 
If IT ' t0 assistl ^ execmtive * n S0 ^ ectin S the best plans for his own 


needs. 


Purchasing. 

By ’W. N. Mitchell. N. Y,, Ronald Press. Co., 1927. 
'-(Business administration series)., 385 pp., forms, 9x6 in,, 

A study of the purchasing function in business organizations. 
MBS*? Basic policies are compared, methods of coordinating the work 
purchasing department with other departments are 

f ... .ad aid the relations of purchasing to the business as a 

pSpSfiSf^v^le'are clearly brought forward. The treatment is general, 
!|||>ase^On 1 the kind of commodities bought and the purposes in 


charts, 7 x 5 in., cloth. $1.00. 

This little book gives an excellent account of the way in which 
a ship is designed and built, written so that an inexperienced 
reader can understand it, Attention is paid to the problems of 
material and labor, as well as the problems of engineering, 
involved in making a ship, and the hook should interest many 
who are curious about these matters. 

Casein and its Industrial Applications. 

By Edwin Su ter moist er. N.* Y., Chemical Catalog Co., 1927. 

PPm 


E i^ft^ase^piu'the kind of commodities bought and the purposes in B E(Uvill Sutermeister. N, Y., Chemical Catalog Co., 
irreapaetive of routine details for a particular (Amorican chemioal Society, Monograph series). 296 

' ' illus., diagrs., tables, 9 x 6 in., cloth, $5,00. 

vB YliO M BTRY" « 

P. Wood and James M. Cork. McGraw-Hill This monograph brings together, in readable form 


l^y William P. Wood and James M. Cork, McGraw-Hill 
,1927. 207 pp., illus., diagrs., 9 x 6 in,, doth. $3,00. 


This monograph brings together, in readable form, our 
knowledge of casein, of its manufacture and of its uses in paints, 
paper making, plastics, glues, medicines, foods, etc. There are 
also chapters on storage and analysis, and numerous biblio¬ 
graphic references are given throughout. 
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Engineering Societies Employment Service 
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Under joint management of the national societies of Civil, Mining, Mechanical and Electrical Engineers cooperatr 
ing with the Western Society of Engineers* The service is available only to their membership, and is maintained as a coop¬ 
erative bureau by contributions from the societies and their individual members who are directly benefited . 

Offices:—88 West 89th Si., New York, N. Y* t — W* V* Broivn, Manager, 

v 68West Jackson Blvd1loom 1786, Chicago, III , it. K . Krauser , Manager* 

67 Post St ., San Francisco, Calif*, N. D. Cook t Manager* 

MEN A VAILABLE*—Brief announcements will be published without charge but will not be repeated Ixcept upon 
requests received after an interval of one month, Names and records will remain in the active files of the faireau for a 
period of three months and are renewable upon request. Notices for this Department should be addressed to- 
EMPLOYMENT SERVICE, 33 West 39th Street, New York City, and should be received prior to the 16th day • 

^OPPORTUNITIES*—A Bulletin of engineering positions available is published weekly and is available to 
members of the Societies concerned at a subscripiio7i rate of <S 3 per quarter, or $10 ei' annum, payable in adva7ice* Posi 
lions not filled promptly as a result of publication in the Bulletin may be announced herf-in, as formerly* 4 

VOLUNTARY CONTRIBUTIONS.—Members obtaining positions through the medium of this service are 
invited to cooperate with the Societies in the financing of the work by nominal co7itributio7is made within thirty days after 
placement , on the basis of $10 for all positions paying a salary of $8000 or less per annum; $10 plus one per cent of all 
amounts in excess of $2000 per annum; temporary positio7is (of one 7nonth or less) three per cent of total salary received* 

The income contributed by the members, together with the fma7ices appropriated by the four societies named above mil 
it is hoped , be sufficient not only to maintain t fad to increase and extend the service. , „ „ „ ■_. 

REPLIES TO ANNOUNCEMENTS.—Replies to announcements published herein or m the Bulletin, should 
be addressed to the key number indicated in each case, with a two cent stamp attached for reforwarding, and forwarded 
the Emuloimwit Service as above. Replies received by the bureau after the positions to which they refer have been 


filled will not be forwarded. 

POSITIONS OrEN 

DRAFTSMAN. Large manufacturing concern 
In Now York, metropolitan area, lias opening for 
electrical, mechanical and architectural draftsmen. 
Location, New Jersey. X-3482. 

ELECTRICAL AND MECHANICAL EN¬ 
GINEER, preferably graduate, under 40, 
experienced in design and manufacture of switches, 
fuses, panel boards, receptacles and similar 
electrical accessories, as general assistant to chief 
engineer of concern producing such devices. 
Should bo willing and able to work at tho board 
and handle small as well as big jobs. Opportuni¬ 
ties. Apply by letter. Location, East, X-G2S. 

MEN AVAILABLE 

ELECTRICAL, INDUSTRIAL, AND TELE¬ 
PHONE ENGINEER 1ms knowledge of cost 
accounting, production engineering, and telephone 
engineering as applied to inductive coordination. 
Has had ’wide experience in Investigations, special 
studies, reports, etc. High grade mathematical 
talent. Desires position where lie can bo of 
productive service. Available at once. B-5572, 

ESTIMATING, ACCOUNTING, APPRAIS* 
AL ENGINEER, A. I, E, E., 20, married. 
Two years construction work, one year valuation 
work, Wosfcinghouse graduate course. "Well 
trained in public utility economics and estimating, 
Prefer engineering economic work in connection 
with public utility expansion or railway electrifica¬ 
tion. 0-3082-1331. 

ELECTRICAL ENGINEER, 22, recent grad¬ 
uate, desires position in installation or main¬ 
tenance department. Available at once, Loca¬ 
tion, Now York State, 0-3682. 

MECHANICAL AND ELECTRICAL EN¬ 
GINEER, 34, married, no children, 15 years' 
varied experience in factory management, plant 
design, construction and maintenance, telegraph 
(cablo and wireless), and telephone design and 
layouts. Desires change where head and hands 
are required, Location, anywhere, European 
and Oriental experience, 0-2161, 

ELECTRICAL ENGINEERING GRAD¬ 
UATE with three years’ practical experience 
available for technical work to be performed at 
home. Calculation and tracing a ’specialty, 
Location, Now York City. 0-3693. • 

PUBLIC UTILITY EXECUTIVE, 47. techni¬ 
cal graduate, 26 years’ experience in all kinds of 
public utility work. Ten years’ experience in 
construction, engineering and operation of steam 
and hydroelectric systems, including generation, 


transmission and distribution. Fifteen years’ 
experience in executive capacity, covering ap¬ 
praisal, rate structures aiul adjustments, public 
service commission controversies, new business 
building, public relations, power sales, intensive 
now business campaigns. Experienced in the 
management of electric, artificial gas and stoam 
heating. Now engaged in winding up affairs of 
largo public utility. G-3304. 

ELECTRICAL ENGINEER, A. 1. E, M„ 37, 
single, d os Ires position with engineering concern or 
public utility. Sixteen years’ engineering and 
construction experience in tho design of powor and 
substation powor and lighting of industrial 
buildings. Location desired, East. 0-2011, 

ASSISTANT TO EXECUTIVE. Executive 
experience, scientific mind, engineering knowledge 
offered executive who demands exceptional ability 
and exact results. Training: M. I. T. 6 years in 
chemistry, mathematical physics, mechanical 
eng ft eori n g. Experience: reports, technical wrl t- 
ing; design i shop, scientific; industrial and financial 
research; systematizing; estimates and costs on 
equipment, buildings, labor. Economist. B-993Q. 

ELECTRICAL ENGINEER, office and field 
experience, familiar with operation, construction 
and design, public utility, steam and hydroelectric 
gone rating stations, substations, transmission 
lino calculations, laboratory, field and factory 
testing. Industrial power applications and main¬ 
tenance in plants and buildings. Have been 
resident and office engineer—engineering firm. 
In clmrgo engineering oifico public utility. 
0-3587. ’ 

ENGINEER EXECUTIVE, 36, married, E-E- 
1914. 12 years’ diversified experience on distribu¬ 
tion, installation, and sales. Past seven years 
assistant to head of sales department, handling 
reports, publicity, stock, purchasing. Desires 
position where ini a Live, ability, and hard work 
will bo recognized, Either as executive, or 
assistant who Is required to get things done. 
Interested in manufacturing or public utility 
flqld. Location , Middle West. C-361G, 

GRADUATE ELECTRICAL ENGINEER, 
single, 24, seven months design and installation 
supervision, olectrical equipment.for largo struc¬ 
tural company, also twenty-one months on 
General Electric;test and a year's construction 
experience on hoisting equipment. Wishes to bo 
connected with sonio industrial or utility company 
in East or Middle West. Available October. 
0-3638, ’ '! 


PLANT ENGINEER, 33, married, fourteen 
years’ experience both electrical and mechanical 
in ail phases of maintenance, construction and 
operation, nine years of which were in responsible 
charge of work, in industrial plants such as small 
parts manufacture, textile and cotton mills, zinc 
spelters and steel industries. Location preferred, 
Eastern U. S. B-502Q, 

MARINE ELECTRICIAN, graduate, four 
years courso electrical school, 30, married. 16 
years' experience as inspector and chief electrician 
on shipboard and yards. Graduate of -Sperry-* 
Gyro compass school. Willing to .travel, available 
on short notice. 0-3634. 

POSITION OF A STRICTLY TECHNICAL 
NATURE desired by graduate olectrical engineer. 
Five years’ experience, employed. Industrious 
andadaptable. B-9775. -.<• 

GRADUATE ENGINEER, 18 years' experience 
with contracting and engineering companies, both 
sales and as executive in charge of offico and the 
design and installation of mechanical equipment 
of industrial plants, powor plants, etc. Capable 
taking complete charge engineering or contracting 
office or as sales representative. Location, 
Now York City. B-6050. 

TECHNICAL GRADUATE, 26, married, 
experienced in sbiglo-pliaso and polyphase meter 
test. Also some experience in steel mill olectrical 
construction, maintenance and general testing. 
Location, immaterial, B-7404. 

ELECTRICAL ENGINEER, 26, 3 years’ ex¬ 
perience in radio research, development and 
service work. Speaks Spanish fluently. Re¬ 
search or sales work preferred. C-G48. 

ELECTRICAL ENGINEER, 40, married, 
desires to locate with engineering firm of public 
utility, 18 years* experience covering office *md 
field, familiar with electrical and mechanical 
design and construction, of public utility steam 
and hydroelectric generating station, substation 
and general engineering. B-7779.' 

ENGINEER, technical graduate, 28, married, 
six years' experience in construction work estimat¬ 
ing, bidding, purchasing, field work and general 
supervision of water works pumping stations, 
filter plants, power plants, substations and trans¬ 
mission lines. Desires connection with largo 
general contracting firm or industrial organiza¬ 
tion, Location TJ. S. or Cuba. B-7099. 

YOUNG MAN, 29, electrical engineering 
dogreo, instructor in mathematics and physics for 
past four years wishes to break in oil some line of 
work compatible with experience and with promise 
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-•fflHSg*'.' ’■ . tbi.eoTIUOAL DESIGNING ENGINEER, factoring and selling mechanical anti oloetrtoJ 

of a future. Has Masters degroo in physics :ELE ° from well known uni- etiuipmont for steam anti electric railways. Has 

about two years' experience on motors anti oxporl ® lC0 [ n the tloslgn of hydro- specialized in the design, Installation and sale,of 

radio. Initial salary immaterial. B-3411. veisity, mi } 1 t1tin l ind001 . R nd power saving, lubricating and draft appliances. 

^ ELECTRICAL ENGINEER. 26, married, dee no and s.ea m cental powo £ wRh p)easln g personality. 

1922 graduate. Successful experience power outdoor snbsatlon^ Available immediately. B-6873. ■ 

station design and propositions: steam turbines ini? loom woik with mgn B b ELECTRICAL ENGINEER, 27, single, gratl- 

antl Diesel engines. Throo yoars South America’. 0-3057. « a to, 6 years' experience (2 in responsible position) 

Mine electric shovols iBucyrus andMarlon), mine YOUNG MAN, 29 , associate moinboi of t o j tlso i C ction installation, operation and maintenance 
and mill ettuipmonts. Wishes premanent rospon- A . I. E. E„ 3 years eloetrical tests, torn yoats ^ oqulpm ™t on Industrial plants, familiar 

sihln position any wliero, whore practical experience teaching electrical theory. Desires position in an ^ poweP plant equipment, railroad work 

is helpful. ‘ Ask for highest reference and crnlen- engineering office preferably in tlic Last. Avail .. ta r* \ 

tials of fulfilled duties. Available immediately, able on one month’s notice. C-3658, 

C-2084, ELECTRICAL ENGINEER. B. S. in E. E. 

CONSTRUCTION MANAGER, graduate, 15 1Q24> ag0 26 Throo years' public utility ox- plant ENtfUNJSistt, ao, suikjiu. 
yoars 1 public xitillty experience, op on for connection pei , iencCf involving estimating, testing, and gra(luat0 j n electrical on gin coring, employed 
* as construction manager, chief engineer, operating stucliM directed along industrial linos. Desires during tlio past eight years as electrical engineer 
oxecutivtvfor operating company, Now in charge ctmnect j on .-with manufacturing or consulting an(l assistant plant engineer in charge of mainto 
tflreo and a half million dollar high-tension trans- flcms ; Location preferably Now York City or nance in large industrial plant. Location preferred 
mission line and substation project, nearing com- vicinlfcy< jj-8400. XT. S. A. C-2GG0, 

plotion. Available about Eobruai-y, 1928. an ’ELECTRICAL AND MECHANICAL EN- OHIEF ELECTRICAL DRAFTSMAN, 26’ 
bring complete, experienced organization,Jinancmo, 1& years' experience, married, age rpiod ; a man with technical education and a 

clerical, technical, to handle constt'ucbion roico mc ^ (leairos position as suporlntondont of con- lal . ge fleld of exp0 denco on design and construction 
500 men on power plant transmission une auu 8t . mction or ma intonaiico engineer, 4 years general work on high or low tension substations. Capable 
substation construction. A-2101. d lctrlcal superintendent in largo electro- » 

RADIO ENGINEER. B.S.h,E E ^th nvo am j Wlon, immaterial. Avail- 

yoars' diversified radio oxporlenco in responsible 1 C -307i. . 

SJS^ Of Bonthwnst astodio — SSKS 


Included, steam and electric (A. O. and D. C.). 
Desires position along these lines, Location 
profon-ed, Now York or New England. 0-34G7. 

PLANT ENGINEER, 38, single. Technical 

graduate in electrical u.„- - 

during tlie past eight years as electrical engineer 
and assistant plant engineer in charge of mainto- 


of handling men. Desires steady position on 
engineering staff of public utility. Fiold work 
preferred. Location preferred, Now York, Penn¬ 
sylvania, Ohio or Now England States. 0-3128. 

married, 


i» 


~„ mnn l n west or Southwest as radio engineer unte electrical engineer, .a ywr» m - ELECTRICAL ENGINEER, 37, iiwt^u, 

for ralinblQ manufacturing concorn or as comnuini- tost department. 1 yen' requisition and complaint tm yeftvs . experience. public utilities, spoclallxiuB 
cation enklncor for largo power system. 0-3054. work. Two years contract and salos on liglit riB salcs 011glnOQ1 .i llgl power sales, managing now 

FOREIGN DEPARTMENT MANAGER OR fixtures and radios. Avnllablo on short notice. . - .... * 1 - »« elec- 

ASSISTANT MANAGER, 44, olectrlcal engineor, Location, anywhere. B-OOOO. 
graduate of largo eastern University, Mcmb. Soc. GRADUATE ELECTRICAL ENGINEER 


sales engineering, power sales, managing now 
business dopartmonts. Also oxporicnced as elec¬ 
trical manufacturer representative in Now York 
territory, selling motors, transformers, olccfcrJc 


m 


countries, Able to organizo Foreign D opartmont, 
Avaiiablo on thirty days’ notice, C-3055. 


French, Spanish and English languages. Refer¬ 
ences can bo furnished. Location, immaterial. 


LVaUaUIU Ull tllll lij ^ -- uiicvo wtu * --— 

SALES ENGINEER, with several years 1 elec- Available on notice. C-307S 

_._ • - -XT__ Va.i1, __. __ __ _ -r-r nr. , 


Wrb' ■ 






graduate or largo eastern ujuyuioiwv, xYxv.tiw. *■ -- —” : : .. " ,. 141 v^„ir 

O E A I. E,E. f will take chargo of foreign sales AND RADIO MAN, single, ago 21, desires yohiclo batteries. Desires position New Yoik 

and contract relations. Speaks fluently and writes position with some reputable concern. Ex- territory as electrical manufacturer’s ropresonta- 
correctly English, French, Gorman, Spanish and petfonced in motor tost, soliciting, general con- tivo or public utility sales engineer, A-790, 
Italian, and has personal contacts in many foreign struction and drafting work. Familiar with ELECTRICAL, MECHANICAL SUPISRIN- 
-- 1 -- T *— -v- cv—B-t, Tiwiioi. i^rriifiorn.Q. Rnfftr- ftge44, married, 25 years' experience 

in the installation and maintenance of electrical 

uuwiau —, _ __ ociuipmont of public utility power plants and 

trical sales experience in Now York territory, ENGINEER-, EXECUTIVE, MANAGER, substations, and tho electrical and mechanical 
desires connection in same territory on salary g rad uato E.E., 14 years' experience Including wide equipment of Industrial and Dicsel-electrlc marlno 
• : M pr preferably commission basis. Degreo from exper j QnC6jn accounting, design, sales, production, plants. Details on roquest. A valla bio on voa son- 
loading university also Westingbouso course. e j ectldca i porcolain, management of largo plant able notice. B-721 

B-08G3. for national corporation. Broad knowledge of TECHNICAL G_ 

COMMERCIAL ENGINEER, 24, single, 0nglneorlng materials. Loyalty, Initiative and Mcm bor A. S. M. E., ago 37; _ 

technical graduate, Industrial olectrlcal engineer- record 6f asslim i ng responsibility is unquestioned, hl dos[gnr construction and operation of electric 
lug, two years iniblic utility work in commercial, j nteros t 0( i j n business and management of olcclri- llt |||f| eSt including generation, transmission and 
ongineering, statistical and rate work. Desires ca | specialty. Can organize, manage operations c xisbributlon. Iiavo also actively engaged in 
■•SM ;pormanent connection with public utility or 6 jxiciontly and economically. Married. C-3070. .„i„, ty.iIUIp. rolnivlnns. Doslro 

industrial firm; preference commercial work . 


TECHNICAL GRADUATE, Fellow A. I. E. E„ 
“ ““ 15 years’ oxperionco 


power sales and public 
with 




relations. Desire 
. opportunity for 


ill 
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MEMBERSHIP —Applications, Elections, Transfers, Etc. 


'■• ? i f .. ....... 

ililSf "I-: ASSOCIATES ELECTED COURT, 

WMkh^’l z/!-.' OCTOBER I9 f 1927 Lakc 


WILLIAM EDWARD, Operator, 
Lake Buntzon Power Plant, Vancouver 

^i'.: 'i" ^ - " Power Co., Lake Buntzen, Burrard Inlet, 

GEORGE P., Detailing & Design- B 0 . (0 an, 

■Kjtiijl lug Engg. Dopt„ Philadelphia Electric Co., de ;reNkoWSKY, I’^OHUS, 004 Tiffany 

2301 Market St„ Pliiladelpbia, Pa. St., Now York, N. Y, 

, Engineering Appron- 
Shop, New York 
Lexington Avo„ 

jopo., XXOW iuiiv, XN, X . 

■■■' Hydro-Electric : System, .796 DOWNER, JASON B., City of Seattle Water 
McDougall St., Windsor, Ont., Can. Dept., Seattle, Wash. 

WBi^SSS'SXSi ar- 

WALTER JOHN, ...Sub-Foreman, 

' Elqctrlc Oonstr. Dept., E. L. Phillips & Co., 

Rockaway. N. Y. 


McKinley 

TS",, HART, Electrical Engineer, South 


§gft§ |||| • i ■;western Oil Co., 1201 Union National Bank 
i Bldg., Houston, Toxas, - 


Bldg., St. Louis, Mo.. 

GODOY, ERNESTO RUIZ, Toll Wire. Chief, 
Mexican Tel. & Tol, Co., Ezoqlel Montes 
No. 12, Mexico, D, F. t Mex. 

Signalman, GOODMAN, I SAD ORE E., Proprietor, Goodman 
Engineering Co., D612 Thorn Ave., Clove- 
land, Ohio. 

BIZAP, JOHN GRAVES, Mining Service Engi¬ 
neer, General Electric Co., 112 N. 4th St., 
St. Louis, Mo, 


dm mu in mini mu mi mi m im m m m hi him mm iiummiii mi hi m>im mi mm mi i min I m mi in urn h ui mwmiih- 

HILTON, ERNEST JAMES, Switchboard 
Wtromau, Scranton Electric Co, Scranton; 
ros„ Dalton, Pa. 

HOLLISTER, JOHN W. A., Groundman, 
Trinidad Electric Trans., Ry. & Gas Co., 
Trinidad; res., Walsonburg, Colo. 

HOOPER, DOUGLAS B., Ohlof Electrician, 
Canadian Pacific Railway, Chateau Lake 
Louise, Alberta, Can. 

JEFFERSON, HARRY D„ Electrical Engineer,' 
Matson Navigation Co., S. S. Malolo, San 
Francisco, Calif.; for mail, Gibbs Bros., 
1 Broadway, Now York, N. Y. 

JOHNSON, OSCAR EDAVARD, Telephone 
Maintenance, Puget Sound Power & Light 
Co., 2210 16th Avo. So., Seattle, Wash. 

KELLEY, FRANCIS E., Engineor, Products 

* Protection Corp., Box 004, New Havon, 
Conn. 

KENNEDY, JOHN T., Engineor, Outlor- 
Hammor Mfg. Co., 12th St. & St. Pa\il Avo.^ 
Milwaukee, AVIs. 




INSTITUTE AND RELATED ACTIVITIES 


Nov. 1927 


KNAPE, CHARLES HUGO M., Chcckor, TRANSFERRED TO GRADE OF MEMBER RUPP* WELLINGTON, Chief Engineer. Dept. of 


Public Works of Washington, Olympia, Wash. 


>EN, WALTER A. Sales Engineer. Ward Electrical Engineer, 

Leonard Electric Co., Mt. Vernon, N. Y. „ , vfnirttrt " wiiL^r*' iV** A ” K ‘ ,,0S - Ca!lf ; 
vwtvt a Ao e i 0 m«t SAALBERG, WILLIAM II., Underground 


Distribution Dept., N. Y. Edison Co., Now 
York, N. Y. 

STANSFIELD, ARTHUR, Electrical Engineer, 
Manchester Corporation Electricity Depart¬ 
ment, Manchester, England. 


Wostinghouso Elec. & Mfg. Co., Homewood OCTOBER 10, 1927 Public Works of Washington, Olympia, Wash. 

Worlts, Pittsburgh: ros„ East Pittsburgh, B0DEN> WALTEll A Sale3 Engineer. Ward Electrical Engineer, 

• Pa< Leonard Electric Co., Mt. Vernon, N. Y. <,. JXVg " wit^ta vr ’ u" A ” K ‘ ,,0S - Ca!lf ; 

McLELLAN, ANDREW ROY, Research Work, nu 0 WN. FREDERIC S., Assistant Electrical G ; , n , , o n ^nteground 

Vosta Battery Corp., 0105 Dorchostor Avo„ Englnoer, IJylleshy Engg. & Mgt, Corp., OT m n™ ^ m r !r m'' 

Chicago, Ill. Pittsburgh Fa STAMM, OTTO E., Chief of Planning Bureau, 

MeWITA, ROBERT DUPREE. Electrical Engl- BUGBEE, RALPH L„ ' Electrical Designer, York* iTy" D ° Pt '' N ‘ Y ‘ h<itKOn C °'' Now 

ncor. General Electric Co.. Piorco Bldg.. Stone & Webster. J^®?*^** STANSFIELD; ARTHUR, Electrical Engineer. 

St. Louts, Mo. CALL, LLOYD L„ Chief Engmooi. A ictoi Manchester Corporation Electricity Depart-. 

MOHRI, KEI550H, Engineer. Okazaki Donto ' X-Ra,y CoiT>., Chicago, 1)n. ment. Manchester. England. 

K. K„ Okazaki, Aichlkotr, Japan. OANARIIS, SVEND A., Senior Engineer. gTEELE, GEORGE F.. Consulting Engineer. 

MONTAPEET. ALFRED ARMAND, Super- qoNICLINgTdisWITt'o., Electrlwd Machinist, gTEPHENS^'lIOW Sd^O ^femtl^co T 

vising Electrician, Safety Elevator Corp., m, PnnnTYia Balboa Canal Zono STEIIIENS, HOWARD 0., Engineer, (Vans- 

2127 S. Los Angelos St„ Los Angeles, Oallf. DAVIS WILLIAM S.. Motor and Vising Engl- v, r “° 1 ' D ° pt " GonCral EICC,rlC C °” ritts,lo,<1 - 

MURATA, YATSUKA, InMjl Engineer. „cor, Public Service Electric & Gas Company. awJSNSON, GEORGE W., Assistant Professor, 

Nippon Galshl Kahnshlkl Kateha. Atsnta- Newark, N.J. University of Minnesota. Minneapolis, Minn; 

higashhnaclil, Nagoya City, Japan. ELDREDGE, WILLIAM S„ Testing Engineer SW OB 0 DA, 0 Consulting Engineer, 3.400 

NAUGLE, JOHN BARCLAY, District Sales in clmrgo of Generating Stations, Common- ‘ Forbes St., Pittsburgh, Pa. 

Managor, Ohio Brass Co., 532 Matson Bldg., wealth Edison Co., Chicago, Ill. THOMAS, JOSEPH E., Supt. of Operation, 

Sun Francisco, Oallf, ELLIOTT, EDWARD B. r Engineer, Stone & West Penn Power Co., Pittsburgh. Pa. 

NOBLE, HORATIO JAMES G, Motors Engl- iiwi nM r V0GDES - FRANCIS B., Research laboratory, 

neoring Assistant, Electricity Dept., Shanghai FAIl ?^ 1 r MlANK *.■ P ~ ‘i "incctrlc Goneral Electric Co., Schenectady, N. Y, 

Municipal Council, Shanghai, China. Rnil ™ y Eae ”’ -? 0 * 1 *’ Go ^ ial Elcctiic WAGNE R, CHARLES F., Transmission Engi- 

OTT, ALBERT, Electrical Englneor t American jj^MISTER, S.A.! Transmission and Protection burirh^Pa ln Bl * 01150 E ' & M * Co *» Eastl itts 

Brown BcWorl Electric Corp., Camdon; Englneor, Southern Boll Tel. & Tel. Co., wiCKERSHEIM, LYLE W„ Engineer. Southern 

res., Colllngswood, N.J. Atlanta. Ga. CnllP ll'ulunhnun Ha T .na AndiiW Hallf 


Public Service Electric & Gas Company. gwENSON, GEORGE W„ Assistant Professor, 


Newark, N. J. 


University of Minnesota, Minneapolis, Minn. 


ELDREDGE, WILLIAM S., Testing Engineer SW OBODA, n< Q i( consulting Engineer, 3.400 


in clmrgo of Generating Stations, Common¬ 
wealth Edison Co., Chicago, Ill. 

ELLIOTT, EDWARD B. r Engineer, Stone & 
Webster, Inc., Boston, Mass. 

FARON, FRANK A„ Electrical Engineer, 


Forbes St., Pittslmrgh, Pa. , 

THOMAS, JOSEPH E., Supt. of Operation, 
Wost Bonn Power Co., Pittsburgh. Pa. 
VOGDES, FRANCIS B., Research laboratory, 
General Electric Co., Schenectady, N. Y, 


Railway Engg. Dept., General Electric t^gNER, CHARLES F„ Transmission Engl- 


Co„ Schenectady, N. Y. 

FLEMISTER, S. A., Transmission and Protection 


necr, Westingbouso E. & M. Co., East Pitts- * 
burgh, Pa. 


Englneor, Southern Boll Tel, & Tel. Co., wiCKERSHEIM, LYLE WEngineer .Southern 


Atlanta, Ga. 


Calif. Telephone Co., Las Angeles, Calif. 


PARKIS, DONALD MEIER, Manufacturing GEORGE, ROBERT B., Electrical Engineer, BRIGHT, EARL L., Transformer Specialist: 


Analyst, Western Electric Oo„ Hawthorne Westingbouso Elec. & Mfg. Co., Sharon, Pa, 
Works, Chicago,Til. GOODALE, J. ELMER, Assistant Electrical 

REICHARD, HERBERT IIERSH, Research Engineer, N. Y. & Queens Elec. Lt. Sc Pr. 

Assistant, Harvard Engineering School, Co., Flushing, N. Y. 


General Electric Co., Philadelphia, Pa. 
RECOMMENDED FOR TRANSFER* 

Tho Board of Examiners, at its meeting held 


Assistant, Jiarvam jjiiiginuunug ouhuih, .. ^ -**- * . _ , ... . 

Harvard University 205 Piorco Hall, Cam- GOODMAN, LYNN S„ Assistant Supt., Statist!- Octobor 5, 1927, recommended the following 
,11 Mass cal Bureau, Edison Electric Illuminating Co. members for transfer to the grade of mcmborsliip 

.J. r ' « ™>jTAiorTWTniANTiTTW Fine of Boston, Boston, Mass. indicated. Any objection to these transfers 

R1J T MAYER, BENJAMIN FRANKLIN, Elec hERBST. WILLIAM B„ Assistant Electrical shotild bo filed at onco with tho National 
trlcal Draughtsman, Simon & Simon, Engineer, Dept, of City Transit, Philadelphia, secretary. 

240 8 . Jiinlpor St, Philadelphia, Pa.; res., . ^ T „ Grade of Fellow 

Oamdon, N.J. , HIGGINS, D. D., Electrical Assistant to Supt., of I/ ,„ VTQnM T AII1?N Flrctrlcal Enaincor 

SOHALOHEB, OTTO. Amorlcan Brown Bovori GenoratlnR Stations. Commonwealth Edison J ° Nf°^ aFaU8 ^cr Co. Nla B ara Fa1ls. N. y! 

Electric Corp., Camdon, N. J. Co., Chicago, Ill. PAULSEN, ALFRED G., General Manage!-, 

SICAAR, JOHN, Power Station Operator, Illinois noLBEN, WILMER P„ Distribution Besbrn- yonozuola Electric Light Co.. Ltd..Venezuela, 
Stool Co,, South Chicago; ros„ Chicago, III. 


SICAAR, JOHN, Power Station uporator, iiimois IIOLBUN, wilmjsu r» *,***»- Yonozuola Electric Light Co.. Ltd. .Venezuela. 

Stool Co,. South Chicago; res,, Chicago, III. Section Engineer, Byllcsby Engg. & Mgt. ^ ^ 

STRATTON, SYLVERN EUGENE, Electrician, Corp., Pittsburgh, Pa. SLEPIAN, JOSEPH, Research Consulting Engl- 

AUautlc Olty Electric Co.. Atlantic Olty. KYLE^ OEOBGE^U, N “a^ Enklnror, m , Ungll0lls0 E . * M. Co.. East Pitts- 


TABLER, LEE D., Instructor, ElccHical Engl- * ' west Penn Powor Co., Pittsburgh, Pa. 

nooring Dopt,, Georgia School of Technology, CLIFFORD E,, Assistant Prof, of 

Atlanta, Ga. Electrical Engineering, Massachusetts Insti- 

TIIOMFSON, OITARLE>S LEONARD L„ Sup or- tut0 ^ Technology, Cambridge, Mass. 

intondont, Flro & Police Alarm Systems, L AURENOOT, HENRY Assistant System 
Olty of Tacoma, 832 A St., Tacoma, Wash. Englneor, Brooklyn Edison Go., Brooklyn, 
TOWNSEND, WILLIAM WAVERLY, Warrant n.Y. , ‘ • . 

. Eloctrician, United States Navy, Navy Dept., LEUREY, LOUIS F„ Consulting Electilcal 
Washington, D, 0,5 for mail, San Francisco, Engineer, 58 flutter St., San Francisco, Calif, 
wnsningion, u, ir . ustARtr ca Engineer, 


To Grade of Member 

ASH, PHILIP P., Chief Signal Draftsman, 
Louisvillo & Nashville R. R. Co.. Louisville,, 
Ivy. 

BARMACK, BORIS J.. Asst. Engr. of Spcciaca- 
tions, Commonwealth Edison Co.. Chicago, 

Ill. 


YYOmm^on, .... LOsilNG. CLEMENTE., Electrical Engineer, jjEEICfitAN, BOYCE A.. Engineer. General 

TUTTON, PHILIP AUBREY, Assistant Super- flovoland Electrical U.umluat.ng Co., Clevo- Engineer, 

Intondont, Transformer Division, °“° s ^ LUICHINGER MARTIN J. r Foreign Wlro General Electric Co., Schenectady. N. Y. 
Fnorza dol Ebro, S. A., Plaza do Oatahma Engineer, Indiana Boll Telephone jjjjOS, HOWARD A„ Distribution Engineer, 

2, Barcelona, Spain. Co Indlanapol)B> Ind . American Gas & Electric Co.. Now York, 

VON EIFF, HERMAN ALBERT, EUlcioncy MacBAE , FRED G„ Salos Englneor, Electric N.Y. a , 

Englnoer, Penn. Water & Powor Co., 1011 Borvleo Supplies Co., Chicago. 111. EVANS. THOMAS McK.. Section Head, 

Lexington Bldg., Baltimore, Md. MERLIN, HOWARD R., Electrical Research General Electric Co., Fort Ynyno. Ill-. 

„ „ O Wnirinner Intorborough Rapid Transit Co., PI ttING, RALPH U.. Valuation Engtneoi, 

WAKWIOK, GEORGE GUY, Supt. of Power Los Angeles Gas & Elec. Corp., Lo. Angeles, 

MpioaXTo,, E°ake Buntzon. B. O,. FO^. JOSEPH ^P«*Jg 

^ a ’ walk, Conn. NY 

Total 44. ' t PFEIFFER, CONRAD L„ Engineer, Western ^,j- A ^y A TT t ELMER F„ Assistant Engineer, 

♦Formerly enrolled students, Electric Co., Chicago, Ill. Pacific Gns & Elec. Co., San Francisco, Calif. 

* a <isnrI ATES REELECTED OTTIRK WILLI^VM • G., Supervising Ohiof M cDONALD, JAMES W„ Designing nginoei, 

: rsst... - i 

LEAVITT, HENRY JOSEPH, Toachor of 


LEAVITT, HENRY JOSEPH, Toaohor of B*.. Englneor, American Ehta Thoinson, and Patent Attorney, 

Electricity, Albany Part-time School, Albany, PSEVEA Oamdon. N. J. E j^° ^“^'transmlsdon; 

N. Y, Tj/Sqq TjTNDSLEY W.. Secretary of Employ- w ’ T> ftn Tn r Tol & Tol. Co., Saoramento, 

VIETS, FLOYD HARVEY, Ohiof Enghteer. Training*. P*>mo Telephone * Enghreer, RaeiBc Toi. & 


(VViTT, 7 tjAaTTVl? AR‘ MORRIS B„ JUngmeor, 

Electricity, Albany ParUImo School, Albany, Browll B ' 0V6ri Eicctrio Corp., Oamdon, N. J, 


Western Precipitation Co., 10X0 W. fltli SL, 
Los Angelos: for mall, Glendale, Oallf. 


ment and Training, Paclflc Telephone 
Telegraph Co., Seattle, 








INSTITUTE AND RELATED ACTIVITIES 


Journal A. I, E. E. 


MURRAY, W. A*. Assistant Professor of Elec. 
Engg., Montana Stato College, Bozeman, 
Mont. 

REID, ROBERT, Electrical Valuation Engineer, 
Great Western Power Co., 9an Francisco, 
Calif. 

SANDS, HOWARD T., Executive, Electric 
Bond & Share Co,, Now York, N. Y. 

SCHILLER, AVERY R„ Vice President in charge 
of Operations, Public Service Co. of N, H., 
Manchester, N. II. 

SISMEY, ERIO D., Station Cliiof, Powerhouse 
No. 1, Southern Calif. Edison Co., Big Crook, 
Calif. 

SMITH, MORftlS B.. Panel Salos Engineer, 
Oroitso Hinds Co., Syracuse, N, Y, 

STEIN, I. MELVILLE, Asst. Sales Manager, 
* Leeds & Northrup Co„ Philadelphia, Pa. 

WELCH, ALFRED F., Engineer, Fractional 
. H. P. Division, General Electric Co., Fort 
JtfaynQ, Ind. 

WILT SID, STANLEY B., Assistant Pro^ssor of 
Elec. Engg.rRenssolaor Polytechnic Instltuto, 
Troy, N. Y, 

WRIGHT, RALPH H., General Engineor, 
Westinghouso E. & M. Co., East Pittsburgh, 
Pa. 


APPLICATIONS FOR ELECTION 

Applications have been received by the Sec- 
rotary from tlie following candidates for olcction 
to membership in tho Institute. Unloss other wiso 
indicated, tho applicant has applied for admis¬ 
sion as an Associate, If the applicant has applied 
for direct admission to a higher grado thanAsso- 
clnto, tho grade follows immediately aftor the 
namo. Any member objecting to tho olcction 
of any of these candidates should so inform tho 
Secretary before November 30, 1027. 

Andrlcssen, R., Canadian Crock or Wheeler, Ltd., 
St. Catharines, Out,, Can. 

Ball, T, F,, (Member), University of Carolina, 
Columbia, 9. O. 

Baruch, M„ 1426 Grand Concourse, Now York, 
N.Y. 

Batkay, IP., Now York Tolopliono Co.. Now York, 
N.Y. 

Bolndorf, L, J., Western Electric Co,, Inc., 
Chicago, Ill. 

Bennett, J. S., Now York Central Electric Corp,, 
Horn oil, N, Y. 

Bordeau, 8. P., Eloctric Machinery Mfg. Co., 
Minneapolis, Minn. 

Brodlo, J. E M International Gonoral Electric Co., 
^ Schenectady, N.Y, 

Oangomi, J. F., 15 Schaeffer St., Brooklyn, N. Y. 
Chandler, F. H., (Membor). Hydro-Elcctrlc 
Power Gomm, of Ontario, Toronto, Ont-., Can. 
Craig, C. F., (Member), American Tel. & Tol. Co., 
Now York, N. Y. 

Dorrig, J. W., Public Sorvico Gas & Electric Co., 
Irvington, N.J. 

Dorkoy, F. O., Rochostor Gas & Electric Corp., 
Rocliostor, N.Y. 

Endie, T. W., Boll Tolopliono Co. of Canada, 
r Toronto, Ont., Can. 

Ellorby, E., Canadian Wostlnghouso Co., LtcL, 
Toronto, Onb., Can. 

Erdos, K.F., Illinois Power & Light Corp., 
St. Louts, Mo 

* Enright, J. D., National Electric Light Ass'n., 
Now York, N.Y. 

Evans, D. T„ Granby Cons. Mining, Smelting & 
Poiyor Co., Anyox, B. O., Can. 

Ewing, R. H„ E. A. Lundy Co., Portland, Ore. 
Fairlamb, W. F., (Member), Virginia Electric & 
Power Co., Suffolk, Ya. 

Farr, J. E.. Sargont & Lundy, Chicago, Ill. 

Frankenberry* T. H., Wostlnghouso Elcc, & Mfg. 
Co., Sharon, Pa. 

(Applicant for re-election.) 

Gardiner, C. E. Jr., Adirondack Power & Light 
Oorp<* Schenectady, N.Y, 

Gcroll, G. W. r Union Electric Light & Power Go., 
St. Louis, Mo. 

Gordon, K. H., Pennsylvania Railroad, Altoona, 


Graham, D., Mass. Inst, of Technology, i 

Cambridge, Mass. 

Greonwald, J. M., 222 W. 84th St., New York, \ 

N.Y. 1 

Green await, J. F., Mountain States Tel. & Tol. 

Co., Donvor, Colo. ■ 

Guonthor, W. F., Hamilton Hydro-Eloctric 
Systom, Hamilton, Ont., Can. i 

Hanford, D. R.„ Electrical Installation, Hastings- 
on-Hudson.N. Y. 1 

Harris, E. H„ Gonoral Electric Co., Rivor Works, 
West Lynn, Mass. 

Harrison, W., Maryville, Tonn. 

Harvey, G, M„ Bell Telephone Co, of Pa., Pitts¬ 
burgh, Pa. 

Hinckley, A, D., Santa Clara Univ., College of 
Engg., Santa Clam, Calif. 

Hirohashi, T., International General Electric Co., 
Schenectady, N.Y. 

Holloway, G. O., Electric Bond & Share Co., 
New York, N, Y. 

Hughes, E. R„ (Membor), Consulting Engineor, 
65 John St., Now York, N.Y. 

Jon os, L. E., Philadelphia Electric Co., Phila¬ 
delphia, Pa. 

ICoarhey, W. A., American Fork & Hoo Co„ 
Philadelphia, Pa. 

Konworthy, 0. D., LohJgh Valley Coal Co., 

. Wilkes-Barre, Pa. 

Ifinibnrk, E. W„ University of California, 
Berkeley, Calif. 

Kramer, L., 40 W. 87tli St., New York, N. Y. 

Ifrouso, A. W., AYestingliouse Elcc. & Mfg. Co. r 
Sharon, Pa. 

Lane, A. H„ Amorican Tol. & Tol. Co., Boston, 

Lane. R. A., Phlladolplila Electric Co., Phila¬ 
delphia, Pa. 

Lawn, G. W., Cons. Mining, Smelting & Power 
Co., Anyox, B, O., Can. 

Leahy, J. F.', Northwest Steol Rolling Mills, 
Seattle, Wash, 

Lcos, 11. 3., Whea ton Electric Light Co., Wheaton, 
Minn. 

Masoltor, J.E., General Electric Oo. Service Shop, 
St. Louis, Mo. 

McCarty, O. P., General Electric Co., Lynn, Mass. 
McCracken, H, J., Jr., Dept, of •‘Water & Power, 
City of Los Angeles, Los Angeles, Calif. 
Miller, F, D„ Westinghouso Elec. & Mfg. Co.,' 
Sharon, Pa. 

Mlllor, L, H., (Member), Radio Corp. of America, 
Now York, N.Y. 

Moreland, E. S. ( 807 N. Eldorado St., Stockton, 

Calif. 

Nash, R. E., Turner Tanning Machlnory Co., 

, Peabody, Mass. 

Norton, G, H., So. California Edison Oo., Big 
Greek, Calif. 

r Nowland, R. L., Bell Telephone Co. of Pa., 
Pittsburgh, Pa. J 

' Park, R. H., Gonoral Electric Co., Schenectady, 
N.Y. 

* piazza, F. D., Monongahola West Penn Public 

Service Co, f Fairmount, West Va. 

' PoniatolT, A. M„ Genora! Electric Co., Schenec¬ 
tady, N.Y. . 

Potter, M. 0., Westinghouso Elec. & Mfg, Co., 
East Pittsburgh, Pa. 

Powell, E. V., (Member), Kings Daughters 
OUnic & Hospital, Temple, Texas 

* Rhoades, O, M„ General Electric Co„ Schonec- 

5 tady, N.Y, ^ . 

Rothacker, O, J., General Electric Co„ St. Louis, 

Mo. 

j Ruasomando, A. M., General Electric Co., 
Nowark,N.J. ' 

Sackman, G. R<, Stuyvesant High School, 
, New York, N.Y, 


Schmidt, F. R., Now York Edison Co., New York, 
N.Y. 

Smith, G. E., Barker & Wheeler, Now York, N. Y. 
.Smith, J, W„ Toronto Hydro-Electric Systom, 
Toronto, Out., Can. 

Snow, O. E., Mass, Inst, of Technology, Cam¬ 
bridge, Mass. 

Spicer, W. E., Tho Clark Thread Co., Newark, 
N.J. 

Steinort, E., Westinghouso Elec, & Mfg. Co., 
Sharon. Pa. 

Sullinger, F. W„ General Electric Co., Schenec¬ 
tady, N.Y. 

Stirling, J. A., So. California Edison Co., Big 
Creek, Calif. 

Talbot, H„ Granby Cons. Mining, Smelting & 
Power Co., Anyox, B. G., Can, 

Talsma, O., General Electric Co., Omaha, Neb. 
Tanhauser, J. A., John H. Busby Oo., Detroit, 
Mich. 

Tanner, F. W., General Electric Co., Pittsfield, 
Mass. 

Thorgorson, T. E., 448-64th St., Brooklyn, N. Y. 
Vart, A, J., 60 Lexington Ave., Now York, N. Y. 
Villanuova, L. G„ “Calles" Dam Construction, 
Camp No. 1, Pabellon, Ags., Mox. 

Wahl, F. S., Tonawanda Power Co., N, Tona- 
wanda, N.Y. 

Walton, O. E., (Member), E. L. Phillips & Co., 
Now York, N. Y. 

Wensk, ,T. S„ United Railways & Electric Co., 
Baltimore, Md. 

White, J. R., (Fellow), Electrical Contractor, 
168 So. Main 9t„ Phlilipsburg, N.J. 

Wiggins, A. M„ Westinghouso Elec. & Mfg. Co., 
Sliaron, Pa. 

Wilcock, W., English Electric Co. of Canada, 
Ltd., St. Catharines, Ont., Can. 

Williams, S. A., with Leo P. Hynes, Now York, 
N.Y. 

Willnor, H. O., Twin City Rapid Transit Co., 
Minneapolis, Minn. 

Williamson, G., Jr., Gonoral Electric Co. Service 
Shop, Buffalo, N.Y. 

Woodman, G. R„ So. California Edison Co,, 
Big Oreok, Calif, 

Total 96 

ForclUn 

^ Bhandari, R. 0., College of Technology, Man¬ 
chester, Eng. 

Dosai, N. P., The Electric Stores, Jaipur, 
Rajputaua, India 

Doraisaml, M, S., N. G. S, Railways, Lallaguda, 

, Sedunderbad, Deccan, India 

Eyeberg, H., Commonwealth Works & Railways, 
i Jollmont, Victoria, Aust. 

Roohaitl, J. S„ (Member), Punjab Portland 
; Cement Works, Ltd., N. W. R. Disb. Attock, 
Punjab, India ‘ 

, singh, H. t Simla Hydro-Electric Scheme, Idgah, 
Simla, India 

, Smith, A. W„ Loao & Co., Jaragua, Alagoas, 
Brazil, S. A. 

J Srivastava, O. P., Automatic Telephone Exchange, 
Bharatpur, India 

■ Taylor, F., ShanghaiMunicipal Council, Shanghai, 
China 
>. Total 9. 


Sagstottor, P. E., Youngstown Shoot & Tubo Co., 
Indiana Harbor, Ind. ’ # 

Saiulahi, E. L., Power & Light Dept., City of 
Austin, Austin, Texas 
Scalisi, F., 222 Moffat St.. Brooklyn, N. Y. 
Schaelchlln, W., Westinghouso Elec. & Mfg. Co., 
East Pittsburgh* Pa. 


STUDENTS ENROLLED 

Amoroso, Leonard, Northeastern University 
Archibald, Lloyd W., University of Utah 
Atleo, Zed, Oregon Agricultural College 
Babb. Daniel S., South Dakota Stato School of 
Mines 

Baker, Abner M„ Jr., Pennsylvania State Collcgo 
Beck, Arthur J., University of Michigan 
Berry, Charles E., Mass. Institute of Technology 
Bjontegard, Arthur M„ Oregon Agricultural 
College 

Black, Glenn R., University of Illinois 
Bostock, Robert F„ Rhodo Island State Coliego 
Briggs. William E., Oregon Agricultural College 
Bryant, Harold W., Oregon Agricultural College 
Buehlor, William G., South Dakota State School 
of Mines . 

Burgess, Howard B„ Northeastern University 
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Bush, Edward S., Nowark Technical School 
Gain, George W., Jr,, Oregon Agricultural College 
Chonoy, Hog M„ Oregon Agricultural Collogo 
Clary. Carl E., Northeastern University . 
CrosthwaK, Stanley W», Gcorgo Washington 

University 

Oro/dor, Buvniond, Montana Stato Collcgo 
Orumloy, Everett T., Montana State Collogo 
Cummings, Melbourne W„ University of Now 
Humpshiro 

Ouster, Charles «T., Mass. Inst, of Technology 
Dan north, Carl, Pennsylvania Stato College 
Doom, Richard E„ Buclmoll LFnivorsifcy 
Duncan, Harold E„ Northeastern University 
Durlaml, Benjamin M„ Oregon Agricultural 

Collcgo 

Eboudick, Carl E. A., University of Michigan 
Elgo, Ernest A., Montana Stato Collogo 
Ellonborgor. William J., Gcorgo Washington 

University 

Foster, Hoyt K,, Northeastern University 
Freedman, John L., Northeastern University 
Galassinl, Josoph, Lewis Institute 
Goodin, John D., Oregon Agricultural College 
Guontimer, Itubon II., South Dakota State 

School of Minos 

Hamilton, Philip W., Northcastorn University 
Hardin. Raymond 0., Northeastern Univorsity 
Hartford, Orvillo E„ Northeastern University 
Hustle, John O,, University of Michigan 
Holms toad, Harold B., Northeastern University 
Howard, Eliot W. t Northeastern Univorsity 
Jon son, Arnold L„ Oregon Agricultural Collogo 
Johnson, Bor til W„ Northeastern University 
Johnson, Harold T., Oregon Agricultural Collogo 


Johnson, Raymond M., Montana State Collcgo 
Johnson, Ruben A,, Northeastern University 
Johnson, William H„ South Dakota State School 
of Minos 

Kerloy, V. Emmet, Oregon Agricultural Collogo 
Kovorkiau, H. II,, Northeastern University 
King, William L., South Dakota State School of 
Mines 

ICohbe, Wayne F., Montana State Collcgo 
Kolo, B.E., Univorsity of Cincinnati 
Litcliflold, William L:, Buclcnell University 
Lundstrora, Alexis A,, Oregon Agricultural College 
Mahan, ICennoth, Oregon Agricultural Collogo 
Malone, Daniel L., Bucknell Univorsity 
Mayor, Robert E., Newark Technical School 
McMorrls, 'William A., Oregon Agricultural 
Collogo 

Miller, Frank 0„ Jr., Univorsity of Idaho 
Mize, Ralph W„ Oregon Agricultural College 
Monhoim, Max H., Soxith Dakota Stato School of 
Mines 

My Unger, Robert E., South Dakota Stato School 
of Minos 

Nelson, AValtor H., Jr., University of Michigan 
Osborn, Robert H., South Dakota State School 
of Minos 

Plonkowslci, Oliver E., University of OJncinnati 
Plotchor, Robert O., West Virginia University 
Potter, Francis M.. University of Michigan 
Potts, Richard S„ Univorsity of Michigan 
Reagan, Charles E„ Oregon Agricultural Collcgo 
Recdor, Willos W„ 2nd, Pennsylvania Stato 
Collogo 

Rice, Stephen 0., Oregon Agricultural Collcgo 
Ricketts, Curtis T„ University of Idaho 


Robinson, AVilfrod F., Oregon Agricultural Collogo 
Robley, Paul P., Oregon Agricultural Collcgo 
Schellberg, Kenneth O., Oregon Agricultural 
Collcgo 

Schlch, John R., Oregon Agricultural Collogo 
Schrocder, Harold B. f Oregon Agricultural College 
Schwarzonbacli, Earl E., South Dakota State 
School of Minos 

Shepard, Joseph II., Jr., Brown University 
Shirley, Delbert W. t Oregon Agricultural College 
SignorJno, James It., Bucknell University 
Sllzle, Leon AV., Pennsylvania Stato College 
Snauffor, Robert E., Bucknell Univorsity 
Stolnmachor, John AV., Oregon Agricultural 
College 9 

Stewart, E. Dow, Oregon Agricultural College 
Sundstrom, Arnold. Oregon Agricultural Collego 
Swingle, Arlro AV.. Oregon Agricultural Collego* 
Taylor, Orville R., South Dakota State SchooJ 
of Mines 

Thompson, Howard M.. Northeastern University 
Timm, George B., Bucknell Univorsity 
Trask, Philip H,, Northeastern University 
Trlbou, Sherwood G., Northeastern University 
Urflor, Alfred C., Bucknell Univorsity 
Walsh, Jolm T., South Dakota State School of 
Mines 

AVhcolov, Lester B.. Northeastern University 
AY bite, Clark AV„ Pennsylvania Stato Collego 
AVilllams, Raymond F„ Oregon Agricultural 
Collego 

Youcl, Vorlo. South Dakota Stato School of Minos 
Young, Carl S., South Dakota Stato School of 
Alines 
Total 09. 


OFFICERS A. L E. E- 1927-1928 


C, C, CilESNEY 


President 

Bancroft Giierardi 

Junior Past Presidents 

M. I, Pupin 


Vice-Presidents 


II. M, I-IonART 
B. G, Jamieson 
George L. Knight 
1*1. II, SCHOOLFIKLI) 
A, B, Bettis 


i biiN B, Whitehead 
. M. Bryant 
5. B. Mkhriam 
M, M. POWLKk 
H. A, Kidder 
E. C. Stone 

National Treasurer 
George A, Hamilton 


Managers 


0, J. Ferguson 

E. k. Northmore 
J. L. Beaver 

A, B, Cooper 
C. 0, Bjckeuiaupt 

I. E. Moultuop 
I-I, C. Don Carlos 

F. J. ClIESTERMAN 
F. C. Hanker 

E. B. Meyer 

II. P. Liversidge 

National Secretary 

F. L. Hutchinson 


Honorary Secretary 

Ralph W. Pope 

local honorary secretaries 

H -“ 

W 'Willie Tntn Power Companies, Bombay House, Bombay, Ii • 

A. I. E. E. COMMITTEES 

(A list of the personnel of Institute committees mny be found in the September 
isuooftho Journal.) 


Code of Principles of Professional Conduct, John W. Lieb 
Columdia University Scholarships, W. I, bhchter 
Award of Institute Prizes, H. P. Charleawortn 
Safety Codes, J. P, Jackson 

SPECIAL COMMITTEES 

Advisory Committee to the Museums of the Peaceful Arts, J. P. Jackaon 
Licensing of Engineers, Francis Blossom 

TECHNICAL COMMITTEES AND CHAIRMEN 

Automatic Stations, Chester Lich ten berg 

Communication, H* W. Drake 

Education, P. M. Lincoln 

Electrical Machinery, F. t D. Newbury 

Electric Welding, J, C. Lincoln w VJ _ 

Electrochemistry and Electrometallurgy. George W. Vinal 

Electrophysics, V. Karapetoll - . 

Instruments and Measurements. J.R. Craighead 

Applications to Iron and Steel Production, A. 1 G. Pierce ^ 

Production and Application of Light, Preston S. Millar 
Applications to Marine Work, W. E. Thau 
Applications to Mining Work, W. H. Lesser ^ 

General Power Applications, A. M. MacCutcheon 
Power Generation, W. S, Gorsuch ... — . 

Power Transmission and Distribution, Philip Torchlo 
Protective Devices, F. L. Hunt 
Research. F. W. Peek, Jr. 

Transportation, J. V. B. Duer 

A. I. E. E. REPRESENTATION 

(The Institute is represented, on the following hedjcsj the tmmes c f the repre- 

sssst^k::; yes-’— 

skis: tsss ss— 

American Engineering Council 

American Engineering Standards Committee 

American Marine 

American Year Book, Advisory Board 
. CHARLES F /J u council 

gSSUSS OR INDGSTR.AU BSC* «« 

Engineering Foundation Board 


KNGINEERINLt ruvnwAiiw. ***'"•— 

John Fritz Medal Board of Award 

» — COMMITTEES AMD CHAIRMEN „ 

lNAilWPil _. Ttr A r-tnwi r’nf.Vrf'lT 


Executive, B, Ghcrardt 
Finance, h. A, Klcklor rth 

Meetings and Papers, H. P. Charlesworth 

Publication, E. B. Meyer A ^ Ttr¥#PIWC r* r TCf.idit 

Coordination of Institute Activities, G. L. F.rugt 

Board of Examiners, E. H. Event 

Sections, W. B. ICouwcnhovon 

Student Branches, J, L«. Beaver 

Membership, E. B. Mernnm 

Headquarters, G. L. Knight 

Law, C, 0, Bickclhaupt 

Public Policy, H, W. Buck 

Standards, J, Frahkhn Meyer 

Edison Medal, M. I. Puptn 


NATIONAL rtKR rnvmw..— -- 

Eng.nerringSection 
board or Invest.- 

„ s G X~ “commie OR the Internationau Euectrotbchnical 
U. S C °"na N u Committee or the Internat.onau Iluvm.nat.on Com- 
Washington Award, Commission of . * 
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LIST OF SECTIONS 
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Name 

Akron 

Atlanta 

Baltimore 

Boston 

Chicago 

Cincinnati 

Cleveland Q 

Columhus 

Connecticut 

Denver 

Detroit-Ann Arbor 
Erie 

Fort Wayne 
Indianapolis-Lafayette 
Itbaca 
Kansas City 
Lehigh Valley 

Los Angeles 
Louisville 
Lynn 
Madison 

Mexico 

Milwaukee 

Minnesota 
Nebraska 
New York 
Niagara^Frontier 
Oklahoma 


Chairman 

A. L. Richmond 
C. E. Bennett 

W. B. ICou we nho ve n 

E, W, Davis 

B. E. Ward 
R. C. Fryer 
A. M, Lloyd 

F, C. Nesbitt 
A. E. Knowlton 
A. L. Jones 

F. H, Riddle 

L. H. Curtis 
P. 0. Noble 

C. A. Pay 

R. P. Chamberlain 

S. M. DcCamp 

M. R, Woodward 

L. Ci Williams 

D. Ci Jackson, Jr* 
W. F, Dawson 

J. T. Rood 

Carlos Macias 
John Di Ball 

J. E. Sumpter 

N. W. Kingsley 
L. W, W. Morrow 
L. E. Imlay 
Edwin Kurtz 


Secretary 

W. A. Hillcbrand, Ohio Insulator 
Co., Akron, Ohio 

W. P, Oliver, Box 2211, Atlanta, 
Ga. 

R. T. Greer, Madison St Building, 
Baltimore, Md. 

W. H. Colburn, 39 Boylston St., 
Boston, Mass, 

L. J, Vanhalanger, Conway Build¬ 
ing, Chicago, Ill, ' 

Leo Dorfman, Westinghouse Elec. 

& Mfg. Co. f Cincinnati, Ohio 
E. W. Henderson, 1088 Ivanhoe 
Road, Cleveland, Ohio 
W. E. Metzger, Interurban.Termi- 
nol Bldg., Columbus, Ohio 
R, G. Warner, Yale University, 
New Haven, Conn. 

R. B. Bonney, Telephone Bldg,, - 
P. 0. Box 900, Denver, Colo. 
Prof. A. H. Lovell,'University of 
ps Michigan, Ann Arbor, Mich. 

C. P. Yoder, Erie County Elcc. 
Co., Erie, Pa. 

P, W. Merrill, General Elec. Co., 
Fort Wayne, Ind, 

Herbert Kessel, Fairbanks Morse 
& Co., Indianapolis, Ind. 

H, H. Race, Cornell University, 
Ithaca, N. Y, 

B. J. George, Kansas City Pr. & * 
Lt. Co., Kansas City, Mo. 

G, W. Brooks, Pennsylvania Pr. 

& Lt Co,, 8th & Hamilton Sts., 
Allentown, Pa. 

H, L. Caldwell, Bureau of Light & 
Power, Los Angeles, Cal. 

W, C. White, fjoufchorn Bel! Tel. & 
Tel. Co,, Louisville, Ky, 

V. R. Holmgren, Gen. ’Eleo. Co., 
Bldg. 04 G, Lynn, Mass. 

H. J. Hunt, D, W. -Mead and 
C. V. Seastono, State Journal 
Bldg., Madison, Wis. 

G. Solis-Pavan, Ave. Portales 89, 
General Anaya, Mexico, D. P., 
Mexico 

Wm, J. Ladwig, Wisconsin Tel, 
Co., 418 Broadway, Milwaukee, 
Wis. 

Gilbert Cooley, Rice & Atwater. 
St, Paul, Minn. 

Roy Hagen, General Electric Co„ 
Omaha, Nebraska 
J. B. Bassett, General Elec. Co., 
120 Broadway, New York, N. Y, 
E. P. Harder, 205 Electric Build¬ 
ing, Buffalo, N. Y; 

B, A. FisHcr, Oklahoma A. & M 
College, Stillwater, Okla, 


Name 

Chairman 

Panama 

L. W. Parsons 

Philadelphia 

I. M. Stein 

Pittsburgh 

W. C, Goodwin 

Pittsfield 

H. O. Stephens 

Portland, Ore 

J. E. Yates 

Providence 

P. N. Tompkins 

Rochester 

R. D.De Wolf 

St. Louis 

L. F. Wools ton 

San Francisco 

W. L. Winter 

Saskatchewan 

J. D. Peters 

Schenectady 

T. A Worcester 

Seattle 

C. R. Wallis 

Sharon 

, L. H. Hill 

Southern Virginia 

W. S, Rodman 

Spokane 

L. R. Gamble 

Springfield, Mass. 

C. A. M> Weber 

Syracuse 

C, E. Dorr 

Toledo 

T. J. Nolan 

Toronto 

C, E. Sisson 


Secretary 


Urbana 

Utah 

Vancouver 
Washington, D. Ci 

Worcester 
Total 52 * 


Name and Location. 


LIST OF BRANCHES 

Chairman 


J. O. Kraehenbuchl 

Daniel L. Brundige 
A.,C. R. Yuill 

M. G. Lloyd 

Guy F. Woodward 


Secretary 


M. P. Bcnninger, Box 174, Balboa 
Heights, C. Z. 

R. H. Silbert, 2301 Market St., 
Philadelphia, Pa. 

H. E. Dyclie, University of Pitts¬ 
burgh, Pittsburgh, Pa. 

F. R. Finch, General Electric 
Co., Pittsfield, Mass, 

L. M. Moyer, General Electric 
Co., Portland, Ore. 

F, W. Smith, Blackstone Vnlloy 
Gas & Electric Co,, Pawtucket, 
R. I. 

C. C. Eckhardfc, Igrad Condenser 
& Mfg. Co., 20 Ave. D, Rochester, 
N. Y. 

L. P. Van Houten, 2070 Washing¬ 
ton Boulevard, St. Louis, Mo. 

A. G, Jones, 807 Rialto Bldg,, San 
Francisco, Calif► 

W. P, Brattle, Dopt. of Tele¬ 
phones, Telephone Bldg., Re¬ 
gina, Snsk., Canada 

R, F. Franklin, Room 30l t Bldg. 
No. 41, General Elec. Co., 
Schon ctady, N. Y. 

Ray Rader, Puget Sound Pr, tic 
Lt. Co., Seattle, Wash. 

H, B. West, Wcstinghouso Elco. 
& Mfg. Co, Sharon, Pa. 

J. H. Berry* 1338 Rockbridge 
Avo., Norfolk, Va. 

James Fisken, Washington 
Water Powor Co., Lincoln & 
Trent, Spokano, Wash. 

B. V, K. French, American 13 os oh 
Magneto Co., Springfield, Mads. 

F. E. Verdin, 016 City Bank Bldg., 
Syracuse, N. Y. 

Max Neubor, 1257 Pern wood Avo., 
To cdo, Ohio 

P, F, Ambuhl, Toronto Hydro- 
Elec. System, 220 Yon go St., 
Toronto, Ont., Canada 

J. IC, Tuthill, 100 Transportation 
Bldg., University of Illinois, 
Urbana, III. 

C. B, Shipp, General Electric Go,, 
Salt Lake City, Utah 

J. Tcasdalc, British Columbia 
Elcc. Railway Co., Vancouver, 
B, C., Canada 

H. E. Bradley, Potomao Eloo. 
Pr. Co., 14th & C Sts., N. W., 
Washington, D, G, 

F. B. Crosby, Morgan Construc¬ 
tion Co., 16 Belmont St., Wor¬ 
cester, Mass. 


Counselor 

.Member ot Faculty) 


■ ■ • 




m 


Akron, Municipal University of, Akron, Ohio...,. . . ..,... . 

Alabama Polytechnic Institute, Auburn, Ala.,, 

Alabama, University of, University, Ala..^. 

Arizona, University of, Tucson, Ariz......... 

ArkansaSjuUniversity of, Fayetteville, Ark.....■......... 

Armour Institute of Technology, 3300 Federal St., Chicago, Ill.. 

Brooklyn Polytechnic Institute, 00 Livingston St., Brooklyn, N. Y.. *. 

Bucknell University, Lewisburg, Pa..... 

California Institute of Technology, Pasadena, Calif., ..., 

California, University of, Berkeley, Calif.... 

Carnegie Institute of Technology, Pittsburgh, Pa....!,... 

Case School of Applied Science, Cleveland, Ohio. 

Catholic University of America, Washington, D. C.;...... 

Cincinnati, University of, Cincinnati, Oi.. ,V. i .,.,.,.... ,.; 

Clarkson College of Technology, Potsdam, N. Y..,,vj . . .... ,. 

, Clemsoh Agricultural College, Cicmson College, S. C...,...... ,j;„ ,• 

Colorado, University of, Boulder, Colo........ ,v....., ! , .. 

Colorado State Agricultural College, Fort Collins, Colo,... ............., 

Cooper Union, New York, N. Y.. . . ,,.,....,., t 


Denver, University of, Denver, Colo.. ;i-i;;V*;.;... 
Drexel Institute, Philadelphia, Pa....... ...i. 


'k&W 1 • • Duke University, Durham, N. C. ,-y.i...,,,.., 

Florida, University of, Gainesville, Fla,, 
Georgia School of Technology, Atlanta, Ga.. .... 

Idaho, University of, Moscow, Idaho. .... .... * 

Iowa State College, Ames, Iowa.. 

h Iowa, State University of, Iowa City, Iowa 

Kansas State College, Manhattan, Kansas...... ,,... 


,. ,C. R. Delagrange 
. , ,T. S. Lynch 
.. .Sewell St. John 
.., Gary Mitchell 
. , .Carroll Walsh 
... .L. J. Anderson 
.; .James Brown 
...G. B. Timm 
... J. W. Thatcher 
.. .A. G, Montin 
. . .N. D. Cole 
. ., G. J. Currie 
... Wm. S. Sparks 
. . .C. W. Taylor 
... G, L, Rogers 
. . .L. R. Miller 
,,, J. A. Setter 
... Harold Groat 
. i .E. T, Reynolds 
...G. K. Baker 
,.. J. E: Young 
.. ,0. T. Cololough 
... W. H» Johnson 
... W. M. McGraw 
,. ,R. G. Elliott 
. ..W. HvCunrin 
►.iF. L. Kline 
.,, A. M. Young 


P. W Bierman 
P, E. Sandlin 
J, M. Cardwell, Jr. 
Audley Sharps 
W. H. Mann, Jr. 

H. T : Dahlgrcn 
P. W. Campbell 
A. C. Urffer 
J. G. Kuhn 
R. T. Montin 
J. R. Britton 
R. C. Taylor 
C. S. Daily, Jr* 

W. C. Osterbrock 
J. S. Loomis 
J. U. Wilson 
H, R. Arnold 
Howard Stcinmatz 
Wilfred Henschel 

L. L. Booth 

C. J, Backmah 
P. A. r Bevacqua 
A. C. Dean 
P. Li Kaestle 
P. B. Peterson 
W. PI. Stark 

M. B. Hurd 
John Yoafc 


J. T. Walther 
W. W. Hill 

J. C. Clark 
W. Bi Stclzner 
Di P. Moreton 
Robin Beach 
W. K Rhodes 

R. W. Sorensen 
T, C. McFarland 
B, C, Dennison 
H. B. Dates 

T. J. MacKavanaugb 
W. C. Osterbrock 
A. R. Powers 

S. R. Rhodes 
W. C. DuVall 
H. G. Jordan 
N. Li Towle 

R. E. Nyswander • 

E. O. Lange 
W. Ji Seeley 
J. M. Weil ‘ 

E. S. Hannaford 
Ji.H, Johnson 

F. A. Fish , 

A. H. Ford 

R. G. Kloeffler . ..,vM 


'.-M 

- wmk 
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LIST OP BRANCHES— Continued. 

_;_ Name and Location Chairman 

Kansas, University of, Lawrence, Kans.Claire Williamson 

Kentucky, University of, Lexington, Ky....|.j t otto 

Lafayette College, Easton, Pa..,. .John W. Dagon 

Lehigh University, Bethlehem, Pa... H. C» Towle Jr 

Lewis Institute, Chicago, Ill. ........[l,. p. Mnson’lck'. . 

Louisiana State University, Baton Rouge, La, .....R. C. Alley 

Maine, University of, Orona, Maine....».]... . .R, P. Scott 

Marquette University, 1200 Sycamore St., Milwaukee, Wis.,.| * * ’ ‘ J. R.* Adriansen 

Massachusetts Institute of Technology, Cambridge, Mass.'.W, M. Hall 

Michigan State College, East Lansing, Mich...; .yiC. E. Hunt 

Michigan, University of, Ann Arbor, Mich..jy. J. VanTuyl 

Milwaukee, Engineering School of, 410 Marshall St., Milwaukee, Wis.. . .Joseph Havlick 

Minnesota, University of, Minneapolis, Minn...G. C. Brown 

Mississippi Agricultural & Mechnncal College, A. & M. College, Miss.M. Stainton 

Missouri School of Mines & Metallurgy, Rolla, Mo.... H, H. Brittingham 

Missouri, University of, Columbia, Mo..,..., c. E. Schooley 

Montana State College, Bozeman, Mont.. . ...W. P, Kobbe 

Nebraska, University of, Lincoln, Neb.W. A. Van Wie 

Nevada, University of, Reno, Nevada.. K. K, ICnopf 

Newark College of Engineering, 307 High St., Newark, New Jersey.. .. E. S. Bush 

New Hampshire, University of, Durham N.H.,.. „., S. S. Appleton 

New York, College of the City of, I30th St. & Convent Ave., New York, N« Y,,.. Joseph Leipzigor 

Now York University, University Heights, New York, N- Y....J, p. Torpio 

North Carolina State College, Raleigh, N. C.....j. C. Davis 

North Carolina, University of, Chapel Hill, N. C........D M. Holshouser 

North Dakota, University of, University Station, Grand Porks, N. D...Alfred Bottcn 

Northeastern University, 316 Huntington Ave., Boston 17, Mass..L. A. Smith 

Notre Dame, University of, Notre Dame, Ind.; . .Charleb Topping 

Ohio Northern University, Ada, O.....John Simmons 

Ohio State University, Columbus, 0...^.A, B. Crawford 

Ohio University, Athens, 0.......... . ........., .Clarence Kelch 

Oklahoma A. & M. College, Stillwater, Okla.Benny Fonts 

Oklahoma, Uiverslty of, Norman, Okla.Dick Mason 

Oregon State College, Corvallis, Ore.„.j d. Hertz * 

Pennsylvania State College, State College, Pa.......... f .Carl Dannorth 

Pennsylvania, University of, Philadelphia, Pa.,.. , Wm, H. Hamilton 

Pittsburgh, University of, Pittsburgh, Pa.^...... ,M. G. Jarrett 

Princeton University, Princeton, N. J.. K. W. MacGregor, Jr. 

Purdue University, Lefayette, Indiana.......H. L. Lindstrom 

Rensselaer Polytechnic Institute, Troy, N. Y....„.W. F. Hess 

Rhode Island State College, Kingston, R. I....,...C. P. Easterbrooks 

Rose Polytechnic Institute, Terre Haute, Ind., Arthur Drompp 

Rutgers University, New Brunswick, N. J.,...N. A. Kicb 

Santa Clara, University of, Santa Clara, Calif...R, P. O’Brien 

South Dakota State School of Mines, Rapid City, S, D..! ! D. A* White 

South Dakota, University of, Vermillion, S. D.,,.Stanley Boegler 

Southern California, University of, Los Angeles, Calif..,..Lester Bateman 

Stanford University, Stanford University, Calif..,,!.E. Chambers 

Stevens Institute of Technology, Hoboken, N, J....D. B. Wesstrom 

Swarthmore College,worth more. Pa.....T. C, Llghtfoot 

Syracuse University, Syi-aduse, N. Y.....*. t .!, ” e! D, Lynde 

Tennessee, University of, Knoxville, Tcnn. .... ; ;.p, ft. Green 

Texas, A. & M. College of, College Station, Texas.J, L. Pratt 

Texas, University of, Austin, Texas...G. E, Schade 

Utah, University of, Salt Lake City, Utah...C. .E. White 

Virginia Military Institute, Lexington, Va....TV. P, R, Griffith 

Virginia Polytechnic Institute, Blacksburg, Va........•....,., r[ m, Hutcheson 

Virginia, University of, University, Va...,.H. D, Forsyth 

Washington, State College of, Pullman, Wash.V.Harry Wall 

Washington University, St. Louis, Mo.,,. ,. .. : R, L, Bel she 
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NEW CATALOGUES AND OTHER PUBLICATIONS 

Mailed to interested readers by issuing companies 
Motors.— Bulletin 153, 6 pp. Describes the new Wagner 
split-phase, fractional horsepower, induction motor Wagner 
Electric Corporation, St Louis, Mo. 

Electric Heating Equipment.—Bulletin describes complete 
electric portable and stationary heaters, and electric strip 
heaters. The Martindale Electric Company, 1254 West 4th 
Street* Cleveland, Ohio. * , 

\ Circuit Breakers—Bulletin II, 28 pp. Describes Pacific 
Electric high voltage switches and oil circuit breakers. The 
bulletin*is illustrated with diagrams and typical installations, 
Pacific Electric Manufacturing Company, 5815 Third Street, 
San Francisco, Cal. 

Scale Drawings For Substation Layouts.—A seven-page 
folio for electrical draftsmen giving scale drawings of high 
tension engineering equipment. These seven engineering 
sheets give scales of 1/8", 3/10", 1/4", 3/8", 1/2", 3/4" and 1" to 
one foot and will be found useful in making up substation layouts, 
Delta-Star Electric Company, 2400 Block Fulton Street, 
Chicago, Ilk 

Power Demand Limita tor .—Bulletin 11. Describes the 
“Edinoore” power demand limitator, an electrical device for 
automatically controlling and limiting power demands or peak 
loads on electric power systems for consumers. It is claimed that 
by its use considerable savings are effected. The device is 
generally connected to the main incoming power lines of a 
'consumer’s plant so as to summate all power. Edward T. 

; Moore, 600 Cahill Building, Syracuse, N. Y. 

'A ■* Electrical Laboratory Apparatus.—Bulletin GEA 45QA, 
60 pp. Describes General Electric electrical laboratory ap- 
;.J paratus arid educational sendee. The bulletin illustrates a 
wide variety of equipment, including motors and generators, 
synchronous converters, steam turbines, controllers and circuit 
. .breakers, transformers, high voltage testing equipment, voltage 
regulators, measuring instruments, oscillographs, etc. The 
student engineering courses and illustrated lecture service, 
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motion picture films and data service are also briefly outlined. 
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General Electric Company, Schenectady, N. Y. 

NOTES OF THE INDUSTRY 
Corning Glass Works, Corning N* Y., has appointed 
W. W. Kirk as California representative, with headquarters at 
211si, W. Heilman Building* Los Angeles, to handle only the 
sales of PYREX power insulators< 

: ! ; |The Martindale Electric Company, 1254 West 4th Street, 
r .• Cleveland, Ohio* manufacturers* agents anfl importers of jnotor 
maintenance equipment products, has recently opened a brancli 
; in Now York City at 6 East 46th Street, in charge of E. H. 
¥ Mitcham/ 1 ' 

The Roller*Smith Company, 233 Broadway* New Yorl^^ 
r announoes the appointment of the D. H. Braymer Equipment 
Company, W. O, W. Building, Omaha, Nebraska, as its repre¬ 
sentative for Nebraska and western Iowa. Mr: D. H. Braymer 
is at the head of this organization. The D, H. Braymer Equip- 

'i. _.1_-_211 O_Ji.1. _-i.- J 


The Marini Wire Company, Muskegon, Michigan. 

manufacturers of magnet wire, announces the appointment of 
Thomas F. IColly as sales manager. Since graduating from tho 
University of Wisconsin in electrical engineering, Mr. Kelly 
has boon intimately associated with the electrical industry. Hie 
activity in tlio magnet wire business covers fifteen years, seven 
of which wore spent in the sales department of the American 
Electrical Works of Pkillipsdale, R. I., and for the past eight 
years, up until January 1,1927, Mr. Kelly was sales manager for 
the American Enameled Magnet Wiro Company, Muskegon, i 
Michigan. 

The Timken Roller Bearing Company, Canton, Ohio, 

and M. B. U. Dewar, of London, England, have together 
purchased from Vickers, Ltd., all of the capital stock of British 
Timken, Ltd. This purchase gives Timken complete control 
throughout tbo world of the manufacture and salo of Timken 
bearings. Formerly the British Timken, Ltd., operated for many 
years under license from the Timken Roller Bearing Company. 

The Hazard Manufacturing Company, Wilkes -Barr o» 

Penn., has separated its two distinct lines of business into two 
companies, retaining its present corporate name in the manu¬ 
facture and sale of insulated wires and cables. A corporation 
chartered in Pennsylvania as the Hazard Wire Rope Company 
will take over tho manufacture and sale of wire ropo formerly 
carried on by tho Hazard Manufacturing Company. The 
present management of the parent company is retained by 
both organizations. 

Lar^e Westlndhouse Generator Units for Steel and 
Paper Mills* —The Youngstown 

Youngstown, Ohio, has placed an _ - •• • ra H 

Electric & Manufacturing Company for an 18,000 kw. turbine 
generator unit, . . ; . ' ' • 

The Anglo-Canadian Pulp and Paper Mills of Queboo, 

Canada, through tho Canadian Wostinghouse Company||^|^^ 
Hamilton, Canada, has ordered a 7600 lew, turbino genorati|||3pi;J1^.jS 
'unit. Both units will be biiilt at the South Philadelphia Worley \-fll!l||| 

Wire Companies Consolidate.— A mergor of five lar$0-v 
electrical wire and cable manufacturing companies is under 
to be known' oQ the General Cable Corporation, which will jhayO: -f/|2;^^ 
net assets of 850,000,000. The projected merger will own and;; 
operate the businesses of the Dublo Manufacturing Corporation, 
the Rome Wire Company, the Safety Cable Company and 
Standard Underground Cable Company, and the sheet, rod i 
and wire mills of the Baltimore Copper Smelting & RoUmg' ; 'v'r;|§||^j 
Company. A special meeting of the stockholders has boon 
called for November 10, when it is expected that tho actions 
the respective Boards of Directors will be ratified. Plants 
the General Cable Corporation will be located at Bayonne, 

Perth Amboy, Newark and Harrison, N. J,; Rome and 

N, Y.; :Pawtucket, R. L; Baltimore, Chicago, Pittsburgh, ' 

St. Louis, Fort Wayne, Ind., Oakland, Cal. and Hamilton, 

Ontario. The general Cable Corporation expects to retain the 
executives and stalfs now managing the various plants. 

Sales and Profits of G^E.-^The General Electric Company 


- ;; vV ^ 


Sheet and Tube Company/ 
order with the Wostinghoueo 


•The General Electric Compa||p|p^# 
sales billed for the first nine months of 1927, announced Qotol^ji||^S 
.... 18 by PresideiiP Gerard Swope, amounted to $225,959,010.89 

ment Company will handle Rollor-Smith instruments, relays and compared with $229,638,216.24 for the corresponding period last » 
circuit breakers in the territory specified. year. Profit available ^-- • 


The Lincoln Electric Company* Cleveland, manufacturers nine months of 1927 
of ^Linc Weld” motors and “Stable-Arc” welders, has appointed $30,051,619.77 for thAsa 

E. A. Thornwell, of Atlanta, as representative fqr Georgia and Orders ‘received fdr -the. three' mpn^ths 
eastern Tennessee. Mr. Thornwell has been actively associated 1927, amounted to §77,420,263, compared 

_il.* + J.l. * 'A.: 




attached to the Atlanta office to asstet Mr. Thornwell. 


$246,993,637 in the corresponding phie;: 
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A War Memorial for 
American Engineers 

Approximately seventy-five members of the American 
National Societies of Civil, Mining, Mechanical and 
Electrical Engineers died iti service abroad during the 
World War. No memorial to these engineers has been 
set up. A unique and fitting possibility was discovered 
during the summer. 

While Dr. Edward Dean Adams, member of the 
American Society of Civil Engineers and the American 
Institute of Electrical Engineers, was in Belgium last 
June as delegate of several American Engineering So¬ 
cieties to the celebration of the five hundredth anni¬ 
versary of the University of Louvain, he learned that 
the new Louvain Library building being given by 
Americans lacked two important features, a clock and* 
a carillon for its tower. No Belgian tower is complete 
without them. For centuries the bells of the “singing 
towers” of the “Low Countries” have inspired, enter¬ 
tained and educated the people. America’s beautiful 
gift must be complete when dedicated next May or June. 

Dr. Adams at once saw the opportunity for a pecul¬ 
iarly acceptable expression of good will from American 
engineers to their Belgian friends, and for a beautiful, 
perpetual memorial to American Engineers who had 
given their lives outside their^country in tfie great war. 
He secured the privilege of providing the dock and the 
carillon as gifts from American engineering societies. 
The time is short, but sufficient for pr&npt action. 
Approval of the project has been given by the Joint 
Conference Committee, composed of the Presidents and 
the Secretaries of t]he Founder Societies. The fund of 


posited in the Library. A copy of this book will be 
placed in the office of each Society. 

Here is both privilege and patriotio obligation for¬ 
tunately reserved for American engineers to place the 
■ crown upon a beautiful permanent contribution tb ^ 
European higher learning, including the engineering-and 
scientific branches. The project has grown out,of the 
greatest relief enterprise connected with the wa.r/rifi 
organized and administered under the masterful 
leadership of American engineers. It is fitting that 
American engineers should put the finishing touches tp 
this gift of peace. : S 

Committee, on Wah Memorial to American Engineers 
George W. Fuller Representing file Civil Engineers ; /• 
•Arthur S. Dwight Representing the Mining Engineers ‘ .- i 
Charles M. Schwab Representing the MecUnnioal Engineers ' 
Arthur W. Ijerrosford Representing the Electrical Engineers 
George Gibbs Representing United Engineering Society 

E dward Dean Adams Representing Engineering Foundation 
v- v Chairman ...'“yhiffi.;.. 

Fallowing is a list of members of the Institute who 
died abroad while in the service of the IJnited States, or 
of her Allies, together with thdir last business affiliation;] 

Anderson, E. G., H, L. Doherty Co., 60 Wall Street, New 
N. Y. : “Died July 15, 18 in a hospital in France as'a re suit: of. 
wounds.’’ ' /'4\ 

Bishop, Remseu, The Electrical Department, Ford Motor U- 
Company, Detroit, Michigan. “Killed in notion, June 1918.ffih;i|g 
Brooks, IT. N., Consulting Engineer, 1390 Old Colony Bldg., 
Chicago, Iilinois. "May 1918, Died recently in France of 
pneumonia.’’ ' L 

Carr, Lucien, 3rd, The Hartford Electric Light Co., Hartford,.; I| 
Connecticut. ‘'Died of influenza in France, November 11, 
.1918.” : • A.'J 'y 

Day, R, F.,jDay & Zimmerlman, Philadelphia, Pa. ''Killed at 
Clermond-Ferrond, France, S ep tember 26, 1918." 

Donuohue, J. J,, The Utah Power and Light Co., Salt Lake 
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$80,000 has been underwrittehithThis wU ipro^e a Day, a, F.,,Day & Zimmerman,' Philadelphia, Pa. '■’Killed at. 

^ three-octave^ carillon of thirty- tToE igheCo., Salt Lake 

SIX hells, installed and guaranteed for ten years, and City, Utah: ."Killed in an airplane accident in France, June . 

an ample endowment ■ for perpetual operation and 20,1018.” 

maintenance. Duffy, F. J., The D. L. & W. R. R. Cp., Scrantoi). Pa, 

The iower i. pm* and & Tour clock; will N.; si 

typify the four Founder Societies.; ; On an inside wall ^xtuiedin action in Belgium, October 4,1917” 

of the tower tablets to the American engineers who made Moore, C, J., Oklahoma A. & M. College, Stillwater, 

the. supreme sacrifice may be erected. ! , ; , ■ '‘Woundedin action at Froinerviile, France, on Ootolaor 16, 

An opportunity is now offered to each member of Thompson, A. R., The Pacific Gas & Electric Co., Han Fran- 
these societies and of the families of the deceased to- • oisco, Calif; "Killed in auto accident in France, September, 
contribute to this joint fund any amounts, from five 17,1018.” 

dollars up, which they may choose, by sending checks, Shanks, D. A., Howick, Quebec, Canada. “Reported missing 
drafts; or post-office money orc(ers to United Engineer- on September 21, 1918—a month, later he was reported dead.’’ 
ing. Society, at 29 West 09th Street, New York, before The Institute would be glad to receive information 
February 1,1928. The names of all subscribers will be concerning engineers not included in the above list, who 
engrossed in a beautiful memorial volume to be de- died abroad, whether members or non-members of an 

« ■:.'■■■ v . 1 1 . >;,V , ■ :, V • ..... “ . ■ ! ... -.'V' 
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■ 1: ^;' :: engineering society. Other engineering societies are 

making, similar efforts to obtain information regarding 

* engineers who died in service abroad. 

FORM OF SUBSCRIPTION 
[To The Committee on War Memorial 
to American Engineers, 

29 West 39fch Street, New York. 

I (or we) subscribe $...to the fund of the Founder 

Societies for giving to the University of Louvain the clock and the 
carillon for the tower of its Library as a memorial to the American 
Engineers who difld abroad in the service of their country or its 
allies in the World War. I (or we) will make payment before 
February 1, 1928. 

* , (Signature)-....... 
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ing the first quadruplex telegraph circuits to be put 
into operation. He was also with Mr. Smith the first 
to introduce the system in England, and upon his 
return to America, carried out experiments preliminary 
to establishing the Wheatstone high-speed automatic 
system in this country. On the repair expedition of 
Key West-Havana cables in 1876, Mr. Hamilton was 
appointed chief electrician. To him also may be 
attributed many of the arrangements made for appara¬ 
tus improvements introduced by the Western Union 
Company. In fact it was to afford his inventive genius 
a field of broader scope and application that he later 
joined the Western Electric Company in response to 

(Address) ....... an urgent invitation from that Company’s officers. 

. Here he was given the supervision and care of the 

company’s department for the production of fine 
electrical instruments, and here he remained until his 
retirement in 1909. Mr. Hamilton is a member of the 
British Institution of Electrical Engineers, la Socffitd 
Francaise des Electriciens, and la Soci^tA Francaise 
de Physique, la Soctetd Beige d’Astronomie. 
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Checks, drafts or post-office money orders should be 
made payable to United Engineering Society. These 
gifts being for educational purposes, may be deducted 
from Federal income tax returns. 
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Some Leaders 

of the A. I. E. E. 

George Anson Hamilton, a Charter Member of the 
Institute, its first Vice-President (1884-85) and its 
National Treasurer since 1896, was born in Cleveland, 
Ohio, December 30, 1843. While still a mere boy, he 
evidenced great interest in electricity and its applica- 


•Foreign Research Laboratory 
For Short-Circuit Tests 

The lack of facilities for the practical testing of large 
oil switches has been discussed frequently in this 


country as well as abroad but there has been no suit- 
tion, building a.telegraph line (on a very modest scale) able testing laboratory available of the necessary size, 
at Limaville, 0., he, himself, setting the poles, affixing The Berlin Municipal Electricity Works, have made a 
the insulators and even devising a lathe with which to strenuous effort to establish suitable testing facilities. 
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make his own apparatus. This same episode had much 
f 7 to do with determining his career. In 1861 he became 
a messenger at Salem, 0., but two months later was 
made manager of the Atlantic & Great Western Rail¬ 
road office at Ravenna, to which point the line had just 

• been completed. Illness in 1863 forced him to with- 
• draw, but upon his recovery he went to Pittsburgh 

as operator and manager of the Inland Company, 
he removed to Franklin, Pa., to become mana- 
HlJ;. If: £ er of the United States Telegraph Company's office; 
but he returned to Pittsburgh in 1866, and as chief 
. > operator and. circuit manager, he remained there until 

I when his company was absorbed by the rapidly 

pow^ng Western Union. Opportunity was now offered 

* for experimental work and he accepted a position as 

* ' ■' assistant to Professor Moses G. Farmer, of Boston, 

is-./ • engaged in the manufacture of general electrical 

apparatus and machinery. This work gave him 
valuably practical knowledge of mechanics, and he also 




A committee of leading men in the electrical industry 
under the chairmanship of General Director Conirar 
of Niirnberg, and - with the special cooperation^" 
Director Peucker of Berlin, has drawn up regul^Ucris 
for a cooperative plan. Almost all of the more impft w 
tant firms iTi this field have promised their cooperation. 

A company “Versuchsanstalt filr Kurzschlusswir- 
kungen” was formed last sumnierj'.for which Prof. 
Matthias was selected as temporary manager. The 
association is to work in close cooperation with the 
Studiengesellschaft fill’ Hochstspannungsanlagen, which 
is similarly organized. It will surpass any other 
installations in peak load, and by the erection of 
several test stands and rapid exchangeability of the test 
objects as well as by suitable switching, will permit an 
intensive and multiple utilization of the arrangements 
for research with smaller loads. With such multiple 
use, the measuring arrangements will be suitable for 
the most varied problems, for example, for the measure- 


but - “S 17^?,‘“S’ 3 ’ h«A,- 

|bther electrical developments of the time. His dili¬ 
gence and success attracted attention and in 1876 hp 


was called to New York to assume new duties as assis¬ 
tant electrician to the Western Union Company. 

S h i\? f ^ ^ fo ! lowin S was spent in company 

; with Mr. Gerntt Smith, in establishing and maintain¬ 


ing, amounts of gas and the like..; These arrangements 
are available for all investigations. Depending on the 
amount. of capital subscribed, the Institute will give 
individifal members of the association a certain time for 
development work or acceptance tests of individual 
interest. The rest of the time will be spent on investi¬ 
gations of general interest. 
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Railway Inclined Catenary Standardized Design 


BY 0. M. 

Associate, 

Synopsis.'—A description is given of a new method of overhead 
contact design, the "ideal inclined catenary”, This is baaed on an 
originally discovered tension and weight relation formula. A 
proof of the formula is given and other characteristics of the design 
are mathematically analyzed , 

. A number of railroads now using inclined catenary is listed and 
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data on the weights and tensions of their overhead constructions are 
given for comparison purposes with the "ideal” 

The necessity of making a definite selection of a proper contact 
wire tension in any inclined catenary design is indicated and that 
this, together with the use of the design formula, leads to standardiza¬ 
tion of overhead systems is pointed out , * 


A RAILROAD track alinement is made up of a suc¬ 
cession of tangents and curves. The overhead 
contact system in an electrification must be 
designed to follow the alinement so that the current 
collector of the car or locomotive will always make 
contact in a satisfactory manner. 

Many types of overhead contact systems have 
. been designed and applied on the many electrified 
railroads throughout the world. On tangent sections 
they are practically all similar in one respect, i. e,, their 
catenary hangers are vertical. The curve construc¬ 
tions, however, generally speaking, may be divided 
into two classes, one with hangers vertical as on tan¬ 
gent and the other with hangers inclined across the 
track. The vertical hanger type is called, by some, 
the polyhedral type and by others the chord type, as 
the catenary construction is pulled into a series of 
straight lines or chords over the track by pull-offs 
from a back-bone or pull-off posts. The inclined 
hanger type pulls the contact wire into a position over 
the curved track by inclining the' hangers and thus 
causing them to function as combined pull-offs and 
hangers. Back-bones and pull-offs, except on the 
sharper curves, are usually omitted in the inclined 
catenary construction. * 

Chord construction is an adaptation of tangent 
construction to curves. Likewise, the more usual 
inclined construction has heretofore been the result of 
displacing the messenger of the correlated tangent con¬ 
structions laterally. In the United States, both types 
are in general use with inclined catenary the most com¬ 
mon on main line electrifications. In other countries, 
however, the chord type has been the most favored. 
The following is a partial list of users of inclined cate¬ 
nary in this and other countries: 

The New York, New Haven and Hartford Railroad 
Co. 

New York, Westchester and Boston Ry., 

Boston and Maine Railroad. 

Pennsylvania Railroad, 

Norfolk and Western Ry., 


?!§l! General Engineering Dopt., WestiDglionse Elec. & Mfg. 
Goinpany, .East Pittsburgh, Pa. • 

Presented at the Summer Convention of the A. I. E. E., Detroit, 
Mich., June S0-S4,1927. Complete paper contains four appen¬ 
dixes of mathematical proof. Copies upon request 


Virginian Ry., ' * 

Detroit, Toledo and Ironton Railroad. * 

Chicago, North Shore and Milwaukee Railroad Co., 
Canadian National Rys., 

Lancaster, Morecambe and Heysham Railroad in 
England, 

Midi Railroad in France. » 

This list indicates that the inclined catenary is a 
practicable construction and that in every electrifica¬ 
tion of the immediate future it will in all probability; 
come up for consideration. It also strongly indicates 
that an inclined catenary of some description will be a 
future standard overhead. 

The good qualities of the inclined construction may 
be partially summarized as follows: It is artistic and 
makes a strong appeal to the esthetic sense. It is 
economical of material in that it employs two wire 
members to do the work of the usual three or four in 
the chord type. It has inherent automatic tension 
characteristics and above all it supplies a contact line 
that approaches most closely the ideal desired, i. e,, 
uniform flexibility. The greatest obstacle in the Way 
of its more general use has been the comparative com¬ 
plexity of methods of design. 

As stated above, the present forms of inclined 
catenary curve construction were developed, from the 
correlated tangent construction and consequently 
acquired similar tensions and sags for similar lengths 
of spans. In the design of the tangent construction, 
there has been no fixed rule for determining the relative 
values of the various factors of design, tension, weight/ 
sag, etc., of messenger and contact. The object sought 
was a maximum span with sags selected to keep, the 
contact wire from being displaced by wind and leaving 
the collector. Such requirements resulted in a great 
variety of tangent catenary designs, each one depending 
on local and special conditions. The resulting related 
inclined catenary curve constructions were not entirely 
satisfactory from the designer’s standpoint as there was 
difficulty in securing proper alinements but they were 
made operative and were usually a great improvement * 
over previous chord constructions, particularly oh multi- ... 
track sections. " vi 'Si'i 

There is now available, however, the discovered: . 
formula, " ' 

T m /Te-W m /W. 

1307 . . * - ^ 
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which provides a basis for a simplified and precise 
design of inclined catenary. In the formula, W c = 
weight of contact wire in lb. (kg.) per linear ft., T, = 
'tension of contact wire in lb., W m = weight of messen¬ 
ger wire in lb. (kg.) per linear ft., and T,„ - tension of 
messenger wire in lb. In this design, the contact wire 
is practically parallel to the center line of track and all 
hangers in any given curve are parallel, t. e., they make 
the same angle with the vertical. Also it must be noted 
tha't it is the combination of the weight and tension 
relation indicated by the formula and the approximate 
parallelism of contact wire with center line of the 
curved track that provides what may be called an ideal 
inclined catenary. With one of the two conditions 
absent, an ideal inclined catenary,is not secured. 

It should also be noted that this ideal combination 
of conditions can be secured only at some one selected 
design temperature. A change in temperature tends 
to modify both of the combination factors in a con¬ 
struction, as-T c /T m does not usually stay constant 
over a range of temperature and the contact wire dis¬ 
torts either vertically or horizontally with the least 



Pio. 1—Showing Inclined Catenary in Perspective 


change in temperature. This variation of tension with 
temperature is, however, a characteristic of all non¬ 
automatic catenary constructions. 

Also, any loss in weight of the contact wire after 
construction due to wear by collector causes a departure 
from the ideal design conditions. The loss in weight 
of contact is accompanied by a corresponding loss in 
tension and thus the formula is apparently satisfied. 
The loss in weight of contact wire, however, causes the 
tension of messenger to decrease due to its decreased 
To^d. This causes the messenger to rise, pulling up 
, the contact wire at the middle of span with consequent 
distortion from its original position of parallelism to 
line of track. Distortion due to loss of weight 
with wear, however, is common to all contact systems. 
- A demonstration of the truth of the formula may be 
made as follows. Fig. lisa sketch in perspective of the 
usual inclined catenary, Here a is the contact wire, b the 
messenger and c , c, the Inclined hangers. Fig, 2 is a 
. plan view of an ideal inclined catenary span with zero 
length of shortest hangers. The contact wire & is a 


parabola and the curve /, the projection of the messen¬ 
ger on the horizontal plane of contact wire, is also a 
parabola. 2 The two parabolas are tangent at their 
vertices. 

The ideal contact line or wire is defined as the wire 
under tension which lies in a horizontal plane and has 
the form of a parabola whose horizontal sag for a given 
span and curve is equal to the middle ordinate of the 
circular arc of the same span. For the usual spans and 
usual degrees of curvature there is practically no differ¬ 
ence in the tensions or positions o'f the wire in the form 
of a parabola or an arc of a circle. 3 





Fig. 2—Plan View op Ideal Inclined Catenary 
Construction 

Ai - A 2 Fig. 2 is a vertical plane through the mes¬ 
senger and contact parallel to the principal axis Bi 
of the contact parabola. In Fig, 3 the triangle g hi is 
a projection horizontally on the vertical plane A j — A 2 
of Fig. 2 of the inclined catenary construction. 

In Fig. 3: 

gh = horizon tab sag of contact parabola, 
g i = hanger in the plane of projection, 
hi - sag of messenger. 



Fig. 3—Projection Horizontally op Ideal Inclined 
Catenary Construction on Vertical Plane /L, At of 
Fig. 2 

Fig. 4 is a projection similar to Fig. 3 but with the 
following additional construction: 
g h is extended horizontally to o, 
i o is dropped vertically from i to o, 
a vertical is constructed through g, 

■i m is extended horizontally from i to meet vertical 
at m, 

the diagonal % h is extended to meet vertical at It. 
In the trianglq m i g of Fig. 4, i g has the slope of 
the hanger and if its length is assumed to represent the 

2. See Appendix I. 

3. See Appendix IV. 
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force on. the hanger due to the dead load of contact 
wire and horizontal load caused by tension in contact 
wire then the latter two forces are represented respec¬ 
tively by the other two sides of the force triangle to g 
and mi. 

Likewise in triangle to i k of Pig. 4, i k has the slope 
of the messenger and as m i represents the horizontal 
load on the messenger due to tension in contact, the 
other two sides of the triangle will represent the other 



Fia. 4—Projection of Fia. 3 With Additional Construction 

Lines 


two forces on the messenger, m k the total dead load 
acting vertically and i k the resultant load on messenger 
acting in the direction of slope of messenger, 

Therefore 

m k — W c + W,)„ weight of contact plus weight of 
messenger, and since to g = W c = weight of contact 

( 2 ) 

then 

g k — W„, = weight of messenger (3) 

and 

gk/mg = WJW e ’ (4) 

The two triangles in the Fig. 4, g hk and hoi, are 
similar since their corresponding angles are«equal. 
Therefore 

g h/h o = gk/io (5) 

But 

. i o = to g, by construction (6) 

Therefore 

g h/h o = g k/m g from 5 and 6 . (7) 

Also 

g h/h o = T„,/T c see Appendix III (8) 

Therefore 

T m /T c = W m /W c (axiomatic from (4), (7) and (8)) (9) 

It has thus been demonstrated that the ideal inclined 
catenary construction with zero length of shortest 
hanger is a true construction and that the relation of 
weights and tensions of members is as given in the 
formula. , 

The usual inclined catenary, however, has a shortest 
hanger of some length. If the contact line of such usual 
catenary is ideals, 4 it also has parallel hangers and the 
formula will also show the relation of’its weights and 
tensions. •-,&? 
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This can be demonstrated by considering Fig. 5. 
On Fig. 5 ,gh i is the g h i of Fig. 3; g sph is another 
figure showing the projection of the more usual inclined 
catenary with shortest hanger hp of some length. 
The only difference between the ideal inclined catenary 
g hi and the usual inclined catenary illustrated is in the 
length of hangers. The other factors in the two are 
identical, weight of contact, tension of contact, weight 
of messenger and tension of messenger. Consequently, 
the usual inclined catenary with ideal contact line and 
parallel hangers will be in agreement with the formula. 
And conversely, if weights and tension are choserv in 
accordance with the formula, an ideal inclined catenary 
results if the contact line is made ideal. 

In demonstrating the formula it has been assumed 
that the hangers were without weight. Practically, 
they will have some weight, this usually approximating 
five per cent of contact and messenger weight. This, 
weight will have an effect on the actual slope and sag in 
practical construction and must be provided for. If 
the hanger weight is included by prorating it and in¬ 
cluding with contact and messenger weights, the ratio 
of weights and consequently of tensions in the formula 
is not chained so that if a basic contact tension is 
selected, the messenger tension will be fixed regardless 
of whether hanger weights are considered or not. 
Therefore, in preliminary determination or selection of 
messenger tension, hanger weights can be safely 
ignored. 

In determining slopes of hangers and slopes of messen¬ 
ger and sag of messenger, however, the weights of hang¬ 
ers must be taken into consideration. Such considera¬ 
tion, however, will not destroy the value of the formula 
in practical applications as the distortion due to the 
hanger weights in the extreme case, i. e., the case where 
the shortest hanger is assumed to have zero length, is 
practically negligible, 

S' 


S 4 

Fig. 5—Projection op Fxg* 3 with Projection op Inclined 
Catenary with Lengthened Hangers 1 

~ To assist in applying the formula in design wprk the 
nomogram in Fig. 6 is given. By its use the tensions 
for various messengers of different weights can be 
quickly and accurately determined, Likewise, the 
effect on messenger tension of changes in contact 
characteristics in the preliminary design can be ree^ ;1 " 
determined. The index lines show that a four ir 
(106-sq. mm.) copper contact wire weighing 0|f 
per ft. (0.966 kg. per m.) tensioned to 2500 lb. ‘(-^ 



4. Sue previous definition. 
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requires that a messenger weighing 2.37 lb. per ft. 
(3.54 kg. per m.) have a tension of 9240 lb. (4200 kg.) 
in order to satisfy the design conditions for ideal 
inclined catenary. 

On the assumption that tangent construction con¬ 
ditions are also satisfied by the indicated curve messen¬ 
ger tension,—i.e., that a practical span and sag results,— 
the next step in the order of design is to find the length 
of hangers in the tangent span selected. Pig. 7 is a 
diagram method based on the formula and the supple- 



, 6—Nomogram of Fundamental Formula for Design of 
Ideal Inclined Catenary T m /T c = W m /W e 

mentary truth that for every tangent hanger, a corre¬ 
sponding inclined hanger for each degree of curve can 
be selected. 

The basic formula (9) is independent of span length 
or degree of curvature. Furthermore, the quantities 
in the formula are kept constant in all spans and curves 
in the usual practical alinement, Hence, any tangent 
span length may be selected as a basis for a group of 
curves of same span length. With the hangers of the 
basic tangent span selected, the corresponding hangers 
of any of the related curve spans can be found by simple 
mathematical operations. The operations are per¬ 
formed graphically in Pig. 7. 

Fig. 7 is constructed by laying off the tangent half¬ 
span with the customary assumption that it is a para¬ 
bola and that the contact line is horizontal. The 
tangent hangers of the half-span are drawn in to scale 
at desired hanger positions with the contact line shown 
the prdper distance below the messenger. The slope 
lines of the inclined hangers for the various degrees of 
curvature are determined by laying off W ch , the unit 
weight of contact with prorated hanger weight verti¬ 
cally and the radial load 5 per unit of contact hori¬ 
zontally and drawing in the straight lines through zero 
and such p oints. The radial load per foot of contact 

5. See Appendix IV. 



is Tc/R, where R is the radius in feet of the curve.® 
The length of the inclined hanger is found by projecting 
horizontally from the corresponding tangent hanger 
length to the proper slope line. The angle with the 
vertical is found with a protractor. A tabulation of 
corresponding hanger and angles is shown in Table I. 

TABLE I 

LENGTH AND ANGLE OE HANGERS 




Alinemont 
hanger no, 

Tangent 

length 

In inches 

11 

Dog. 

21 

• 

)og. 

Anglo 

Deg, 

Length 

Anglo 

Deg. 

Length 

1 


33 K 

12 

52 

1G 

G 

12K 

u 

15 

a 

21 

3 

18K 

u 

22 K 

« 

30 K 

4 

27 K 

a 

33 

a 

45 

5 

40 

a 

48 K 

« 

GO 

G 

54 K 

« 

G5K 

« 

SDK 




Both length and angle values in Fig. 7 can be readily 
checked if desired by the use of appropriate formulas. 

The formula for determining the length of tangent 
hangers is based on commonly known characteristics 
of the parabola: 

h = e + (4 x 2 s/D) (10) 

where 

h = hanger length, 

e - length of shortest hanger at lowest point of sag, 
x = horizontal distance of hanger from lowest point 
of sag, ‘ 

s = sag of the half-span considered, 

L/2 = length of the half-span considered. 






■mm 

Wm 

m 



\pcV/v$$'~ 

Fig. 7 Diagram for Graphically Determining Hanger 
Lengths and Angles 

The corresponding inclined hanger length is deter¬ 
mined by multiplying the tangent hanger length by 
multiplier as found in the following formula: 

(T*/R> + W*') y '/W oh ( 11 ) 

The angle of hanger with vertical is 

# Tan M T c /R W C h (12) 

I he practically standard method of designating 

6. See “Notes on Catenary Construction* 1 by Sidney Withing- 
ton, Franklin Institute Journal, Dee., 1914, p. 720. 
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hangers is to give their angle of inclination from the 
vertical and their length from center line of messenger 
to center line of contact. Also, the practically standard 
term for designating the horizontal distance between 
center lines of contact and messenger is "the 
displacement." 

The length of the shortest hanger is usually taken as 
6 in. This length selection, however, depends on 
various conditions and the hanger may be made shorter 
or longer as circumstances may require. In Fig. 7 the 
shortest hanger is 9 in. 

With the design following the formula, it can be 
demonstrated that the inclination of the suspension 
string is the same as that of the hangers in all cases, 
i. e., with any length of shortest hanger. 

The basic formula can be put into the form 

Tc/Wck = (T m + T c )/(Wmk + Wch), a continued 
proportion • (13) 

Therefore 

T,/W oh R = (T m + T c )/(W mh -f W ch ) R, multiplying 
both sides of (13) by 1/R (14) 

The formula for angle which the hanger makes with 
the vertical is previously given as 

tan -1 T c /W C h R (12) 

The angle with vertical made by the suspension 
string is 

tan-* (T m + T c )/(W mA + W eh ) R (15) 

This is so since the suspension string takes a position 
in the direction of the resultant of the two forces acting 
on it, the vertical force due to dead load of span 
(W mA H- Wei) L and the horizontal force (T m + T c ) L/R. 
And hence the tangent of the - vertical angle is 
( (T n + T a ) L/R)/(W m h + W ch ) L (16) 
which upon simplification becomes 

(T, n + T c )/(W m h + W c t) R (17) 

Therefore the two angles are equal since their tan¬ 
gents are equal. (From (12), (17) and (14)). 

Consequently, the total displacement of the insulator 
support from center line of contact wire may be found 
by considering the suspension string as an extension of 
the theoretically longest hanger at the point of support; 
see Fig. 7. This is true only of the ideal inclined 
catenary. 

With a theoretical "zero” length of shortest hanger, 
the displacement d of the messenger for a given 
contact and messenger and a given curve and span is a 
constant quantity and does not change with variation 
in the design contact tension and messenger tension. 
Let 

d = the displacement. 

= unit weight of contact with hanger weight 
! ;V prorated .:* V: 

W mh = unit weight of messenger with hanger weight 
prorated 

Since W eA and W„h are assumed constant, 

W 0 h/W m}t is a constant (18) 


Since the design formula W ch /W mh = T e /T n is as¬ 
sumed to be followed, then 

T c /T m is also a constant ( 19 ) 

Likewise the various forms of the formula obtained 
by composition are constants. 

(W mh + W ch )/W ch ( 20 ) 

and 

(T m + T e )/T e ( 21 ) 

are constants. With zero length of shortest hanger the 
length of longest hanger at support in tangent spans 
is the same as the vertical sag, i. e., ■ . 

S — {W»h + Wmh) D/8 T e ( 22 ) 

The angle which the inclined hanger at support makes 
with the vertical will depend on the tension in the con¬ 
tact wire. The tangent of this angle is, 

8 T c d/(W C k + W n ,i) D (displacement d over sag (22)) 

(23> 

It is a variable. 

Another expression for the value of tangent of hanger 
angle is 

(T n + T c )/R (W e h + W mh ) . (24) 



Fig. 8—Diagram for Tangent Hanger Length FormoijA 


which gives the slope of the supporting insulator string. 
As the two angles are equal, their tangents are equal. 

8 Tc d/(Wch + W mh ) D = (T, a + Tc)/R (Wch + W mll ) 

(25) 

and 

8 T c Rd = (T m + Tc) L\ simplifying (25) (26) 

and 

d = D/8 R X (T m + Tc)/Tc (27) 

D/8 R ~ middle ordinate of curve for span of length 
L and radius R and is a constant for a given curve 
‘ and span 7 (28) 

Since (T m + T c )/T 0 is also a constant as per pre¬ 
ceding ( 21 ), then d is a constant as it is the product 
of two constants. If the shortest hanger is given some 
length, however, the displacement does not remain 
constant. Another disturbing factor in the. total 
displacement is also introduced by the use of a sus¬ 
pension string of insulators for supporting the catenary. 

Probably the most complicated part of the design 
of an inclined catenary is that covering the transitions 
- ,.£i&s8r 

7. See Allen, R. R., “Curves and Earthwork/’ 1903 odiMo 
ji. 42. 
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from the tangent to the body of the curve. This section 
of the overhead is somewhat similar to a spiraled section 
of the running track. With an inclined catenary 
designed according to formula, transition design is 
greatly simplified as the selection of hangers of suitably 
varying angle and length becomes a relatively simple 
process by means of the diagram of Fig, 7. 

Usually a simple design is economical and results in 
lowest cost for the duty performed. It is not proposed 
to demonstrate with mathematical exactness that the 
formula design of inclined catenary results in lowest 
oveV-all construction costs. The following analysis 
would indicate, however, that this is practically true. 

Assuming equally good design of supporting struc¬ 
tures, the combination of minimum loads consistent 
with minimum dimensions of catenary structure, both 
vertical and horizontal, should result in minimum sup- 
•porting structures. If a messenger tension greater 
than that demanded by formula is . selected by the 
designer, there will of course be a greater side load on 
the structures than if the formula were followed, since 
the side load varies directly as total wire tension. The 
dimensions may be reduced vertically somewhat but 
probably will not be reduced horizontally because of the 
distortion of the contact wire from the position parallel 
to center line of track. 

If a messenger tension less than that of formula is 
selected in order to diminish the side load, the vertical 
and horizontal dimensions of catenary and of support¬ 
ing structure will he increased as the sag is increased 
and although there may be a smaller effective side load, 
ovei coming the distortion of the contact and messenger 
will require additional pull-offs and. other changes 
such as auxiliary back-bones or more frequent supports 
with the probable net result of increased cost. 

One of the greatest economic advantages of designing 
according to the formula is the resultant easy erection 
of the wires. All parts fit together naturally and there 
are minimum secondary stresses. The construction 
can be handled like a truss with members designed and 
connected properly, as compared to a truss in which 
members are not of proper length and in which the loads 
are carried eccentrically by the members. Cables are 
of course much more flexible than truss members and 
hence can be more easily pulled into connection with 
other members but nevertheless secondary stresses and 
distortion result with inexact design and must be pro-' 

Xw d f ° r V!l e r S ™}. design or as Iater experience 
dictates. With the inclined designed as per formula, 

||p parts fit and come together easily so that the time 
ai^d labor of erection and later maintenance become a 
minimum, 

^Design based on the formula also makes variations of 
the simple inclined catenary relatively easy. Double 
catenary either with double contact or messenger or 

St!i nd f Eg r d C . atenary on ™rve and tangent are 
examples of such variations. Furthermore, as is often 

desirable, if a stretch of chord^construetioii is required. 


it can be readily introduced without complications 
between sections of inclined catenary. 

The formula would appear to handicap design in that 
it selects but one messenger tension value and thus 
fixes the dimensions of the catenary on tangent as well 
as on curve after the other three factors, contact 
weight, contact tension, and messenger weight, are 
settled upon. There should be no objection to the 
limitations imposed if a reasonable construction results,. 
If the resulting construction is not considered reason- 
ble, it is still possible to change the other factors of 
design such as contact material and tension as well as 
messenger material and resulting tension in order to 
better satisfy tangent conditions. 

The result of following this method of design will 
be the eventual selection of several contact weight and 
tension conditions as standards so that for similar 
service on comparable lines there will be available a 
suitable standard. Such a condition should enable 
sound comparisons to be readily made of operating 
conditions on such lines. 

Assuming that a contact wire of a given weight and 
tension relation is installed as tentative standard prac¬ 
tise, the inclined catenary construction has an inherent 
tendency to maintain this relation of weight and tension 
constant for a given temperature over a period of years, 
as the operating slope of hangers and position of contact 
wiie over track depend on such relation being kept 
constant. The tension of the contact wire is a much 
more important design factor in any inclined catenary 
than in chord construction. It is in fact the basic or 
starting factor. In the chord type of construction the 
tension of the contact wire may vary over a wide range 
and not produce any noticeable effect on the shape of 
the construction. Two lines or sections of chord con¬ 
struction may appear exactly alike and yet have very 
different contact tensions and hence different collecting 
characteristics. This is not so of inclined catenary 
constructions. If they are otherwise alike, their contact 
tensions are also alike and consequently their collecting 
characteristics will be alike and they will stay alike with 
similar temperatures. True operating comparisons 
can then be made of such overheads under the same 
or differing services with the gradual result of con- 
tinuaHy improving the standards. The economic 
r esult of such a condition should be very satisfactory. 

It would only be a matter of time before the most 
economically designed and operated line or lines for 

certain conditions would he found. 

It is interesting and valuable'to use the formula 
as a check on already existing and operating inclined 
catenaries Investigation shows that practically all 
lines heretofore installed depart more or less from this 
criterion, some more than fifty per cent. This might 
indicate one of'two conditions. Either the formula 
application is not practically necessary and inclined 
catenary is very adaptable or present inclined catenarv 
construction designs are subject to refinement • Y 
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Data showing the departure from the formula on 
certain important lines already installed are as follows: 

Canadian National Railways, From data which 
appeared in the Railway Age, May 2, 1925, in article, 
“New Catenary Construction on the Canadian 
National/’ and elsewhere, the following values were 
secured: 

W m = 0.745 lb., 

W c = 0.641 lb., 

T c = 2400 lb., 

T„ = 3600 lb. 

T m as per formula should be 2790 lb. Hence, tension 
used is 30 per cent higher. 

Pennsylvania Railroad, Philadelphia to Paoli Elec¬ 
trification. From data in The Electric Journal, Febru¬ 
ary, 1916: 

W m = 0.510 lb., 

W c = 0.509 + 0.820 = 0.829 lb„ 

T e = 3000 + 1000 = 4000 lb.,. 

T m = 3500 lb. 

T m , according to formula, should be 2470 lb. Hence, 
tension used is 42 per cent higher. 

New York, Westchester, and Boston Railway, Data in 
Sidney Withington's article, Journal of Franklin Insti¬ 
tute, Dec., 1914, are as follows: 

W,„ •= 0.810 lb., 

W c = 0.641 + 0.558 = 1.1991b., 

T m = 4900 lb., 

Tc = 3500 lb. 

T„„ according to formula, is 2370 lb. Hence, tension 
used is 107 per cent higher. 

N. Y., N. II. & H. R, R, Danbury Branch. From 
page 313 of Electric Railway Journal for August 29, 
1925: * 

W m = 0.668 lb., 

Wc = 0.641 + 0.641 = 1.282 lb., 

T c = 1600 + 1815 = 34151b., 

T m = 3900 lb. 

T m , according to formula, should be 1785 lb. Hence, 
tension used is 118 per cent higher. 

Midi Railway of France. From data on page 175 of 
Le Genie Civil, August 25, 1923, the following informa¬ 
tion is obtained: 

W m = 0.65 leg., 

Wc = 0.89 + 0.89 = 1.78 kg., 

. :,,;*0T Tc ~ 700 leg. + 700 kg. = 1400 kg., 

T m , = 1350 kg. 

According to formula, T m shoiild be 510 .kg. Hence, 
tension .used is approximately 164 per cent higher. 

A number of lines has been? designed in accordance 
with the formula and several have been constructed and 
are in process of construction. Model spans have also 
been built. The results indicate that the formula is 
a very satisfactory and practical guide. The usual 
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inclined catenary is a practical though somewhat 
empirical design. The design based on the discovered 
formula is proposed as an improvement as it is both 
practical and scientific. 

The formula gives an exact statement of the relations 
of the various design factors involved. It is just as 
true as the equation of the parabola and to question a 
design based on it is comparable to questioning the use 
of the parabola formula in the design of the usual 
catenary. * ' 

The simplicity of the discovered formula indicates 
that the ideal inclined catenary construction with its 
two parabolas and connecting parallel hangers ‘is a 
special shape which is closely allied to other geometrical 
shapes, the cone, tlfe cylinder, and the sphere. And 
just as these are inherently best suited for certain 
mechanical purposes, the ideal inclined catenary shape 
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Pig. 9— Sketch Used in Proof that Trace of Elementary 
Hangers is a Parabola 

is especially adapted for railway overhead construction 
on curves. It fits the track alinement perfectly. 

Table of Letters or Symbols 
W c = weight of contact wire in pounds per linear foot, 
T e = tension of contact wire in pounds, 

IF,,, = weight of messenger wire in pounds per linear 
foot,' ••• 

T m = tension of messenger wire in pounds, 
a = contact wire in Fig. 1, 
b = messenger wire in Fig. 1, 
c — inclined hangers in Fig. 1, ■ 

d = displacement of messenger, 

/ = projection of messenger on horizontal plane, 

Fig. 2, 

Wet, - unit weight of contact wive with prorated 
hanger weight in pounds per linear foot, 

R = radius of curvature in feet, ' « 

h - hanger length, • + 

e = length of shortest hanger at lowest point of sag, g 
x = horizontal distance of hanger from lowest point/ 
. of sag, 

s = sag of half-span considered, 

L • = length of span, 

W v ,h ~ unit weight of messenger wire witli 
hanger weight in pounds per linear 
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The Relation Between Frequency and Spark-Over 

Voltage in a Sphere-Gap Voltmeter 


BY L. E. REUKEMA 1 

Associate, A. I. E. E. 


Synopsis*—The standard instrument for measuring crest values 
of high alternating voltages at 60 cycles is the sphere-gap voltmeter, 
which measures a voltage by the distance which it will flash between 
spheres. Jn miicfi of the high-voltage research, however, very high 
frequencies are used, For measuring the voltages used in these 
high-frequency tests, the sphere-gap voltmeter is used, the assumption 
being made that its calibration at high frequency is but little , if any , 
different from that at 60 cycles, 

In the endeavor to make the sphere-gap a standard for measuring 
peak values of voltage at high frequencies, as it is at present a 
standard at commercial frequencies, experimental data were ob¬ 
tained from which calibration curves for the sphere-gap voltmeter 
were plotted for frequencies ranging from 28,000 to 426,000 cycles 
per sec, for standard conditions of temperature and pressure. 
These curves cover a voltage range from about 10,000 to 50,000 volts, 
the source of the high-frequency voltage being a Foulsen arc with 
variable inductance and capacity in its arc, circuit . The results 
shoto no appreciable change in voltage required to flash across a 
given gap as the frequency increases until a frequency of about 
20,000 cycles is reached, then a gradual decrease in required voltage 
as the frequency increases from 20,000 to 60,000 cycles, after which 
a single curve holds for all frequencies at least up to 4%6,000 cycles 
per sec,, the highest frequency tested. The theory shows that this 


curve should hold up to a frequency of about 6,000,000 cycles for a 
one-cm, gap, after which a further decrease should be found. At 
and above 60,000 cycles per sec. , the voltage required to flash across a 
onc-in, gap is 18 per cent lower than the voltage required at 60 cycles, 
provided only the ions occurring naturally in the atmosphere are 
available to start the ionization which produces the flashover, 

Jn the course of the investigation it was noted that flooding the 
spheres with ultraviolet light decreased the voltage required to 
flash across a given gap at high frequency by about 3,5 per cent, 
whereas no such effect is found at commercial frequencies. There¬ 
fore a complete set of calibration curves for the frequency range 
covered was also obtained for the spheres flooded with ultraviolet 
light. 

The results are explained by showing that at high frequency a 
space charge of positive ions mill accumulate between the spheres, 
this space charge distorting Ike potential gradient sufficiently to 
allow a spgrk to pass, even though the average gradient between 
spheres is considerably lower than is necessary at 60 cycles. The 
space charge depends on the rale at which ions arc added to the 
field by ionization arid the rale at which they arc lost by diffusion 
and mutual repulsion, the terminal condition reached when the rate 
of gain equals the rate of loss determining the voltage at which flash- 
over will take place at any given frequency. 


O NE of the prime requisites in all high-voltage 
research is to be able to measure accurately the 
voltages employed, and, since it is the peak value 
of the voltage wave which ruptures insulation, it is 
especially important to be able to determine this peak 
value. For such measurements at commercial fre¬ 
quencies, that is, 25 to 60 cycles, the sphere-gap volt¬ 
meter, which measures a voltage by the distance which 
it-will /flash between spheres, is now the standard 
instrument. For much of the research in high-voltage 
phenomena, however, very high-frequency power is 
used. The sphere-gap voltmeter is the 'accepted means 
of measuring such voltages, the assumption being made 
that the calibration of the instrument is little, if any, 
different at high frequency from that at 60 cycles. To 
test ,fche correctness of this assumption was the first 
object of this research. 

In the course of taking the experimental data to 
determine the relation of frequency to spark-over volt¬ 
age between spheres, an interesting and important fact 
was noted, namely, that exposing the spheres to the 
action of ultraviolet light has a very pronounced 
effect on the voltage necessary to flash across a given 
gap. At 60 cycles, the action of ultraviolet light on the 
spheres is merely to increase the accuracy of the 

1. Asst. Professor of Bleotrioal Engineering, University of 
California, Berkeley, Calif. 
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sphere-gap as a voltmeter, but the average voltage 
required to spark across a gap is neither increased nor 
decreased to a noticeable extent. At high frequencies, 
however, a pronounced lowering of the voltage required 
for a given gap manifests itself whenever a source of 
ultraviolet light plays upon the spheres, The investi¬ 
gation of this phenomenon, discovered many years ago 
by Hertz, but apparently overlooked by engineers, 
constituted the second object of our research. 

In any investigation of physical phenomena, the value 
of the experimental data is considerably enhanced if a 
rational explanation of the results accompanies them, 
Such an explanation, on the basis of the fundamental 
physical principles known concerning electrical dis¬ 
charges through gases, together with an attempt to 
correlate the newly discovered phenomena with already 
existing knowledge on the subject, is the third object 
of the research. 

■ Previous Investigations 

On June 24, 1914, at the A. I. E. E. convention at 
Detroit, F. W. Peek, jr., discussed the effect of fre¬ 
quency on spark-over voltage between spheres as one 
of a number of related investigations carried on, at 
the General Electric high-tension laboratory, under his 
direction. He compared a 1000-cycle curve with a 
60-cycle’curve and. found no difference with spark-over 
voltage plotted as a function of the gap. A 40,000- 
cycle curve, however, lies below the 60-cycle curve for 
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its entire length, the percentage differences increasing 
as the voltage increases, from about 11 per cent at 
11,000 volts to 16 per cent at 26,000 volts, high fre¬ 
quency. He attributes the decrease in required voltage 
at high frequency to rough spots on the spheres, as no 
special care was taken to polish them. 

At this same convention, Professors Harris J. Ryan 
and J. Cameron Clark of Stanford University reported 
the results of an investigation which they had conducted 
on the relation of frequency to spark-over voltage, 
presenting curves of voltage as a function of spark- 
over distance at three frequencies, 123,000 cycles, 
256,000 cycles, and 612,500 cycles. Ryan and Clark 
drew a single curve through the mean of all points, 
compared this curve with a 25-cycle curve located by 
Fortescue and Chubb, and found their own curve to 
lie almost uniformly 4600 volts below the 25-cycle 
curve, at least within the range from 20,000 to 50,000 
volts. Ryan and Clark used seven-in. spheres, how¬ 
ever, while Chubb and Fortescue used spheres 26, 37.5, 
and 50 cm. in diameter. To determine whether this 
difference in voltage might possibly be due to a differ¬ 
ence in the size of the spheres used, the writer compared 
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The Present Investigation 
The generation of voltages ranging up to 50,000 volts 
at frequencies of 60 to 500 cycles presented no difficulty, 
as generators and transformers for .these frequencies 
were available. A diagram of the set-up for the tests 
is shown in Fig. 1. For the higher frequencies, a two- 
kw. Poulsen arc, generously loaned to us by the Federal 
Telegraph Co., was the source of power. For the a-c. 
circuit of the arc, we constructed a large air condenser 
and 24 inductance coils, of open design 1 so as to with¬ 
stand the high voltages induced, and with a minimum 
ratio of resistance to inductance, so as to obtain a * 
maximum induced voltage. The inductance coils 
and the condenser are connected in series across the 
arc, the leading reactance of the condenser neutralizing 
the lagging reactance of the inductance coils, so that 
only the high-frequency resistance of the circuit limits 
the flow of current. The voltage built up across the. 
coils and that across the condenser neutralize each 
other, so that either one may be over a hundred times as 
large as the d-c. voltage impressed across the arc. The 
high voltage between the condenser plates is impressed 
across the sphere-gap voltmeter. By varying the 
distance between the condenser plates and the number 
of inductance coils used, the frequency may he varied 
over a range from 28,000 cycles to about 450,000 
cycles per sec. according to the formula 


/ = 


2 7r V L C 


Fig, 1—Diagram op Connections for Calibrating Sphere where/is frequency in cycles per sec., L is inductance in 
Gap at High Frequency and High Voltage henrys, and G is capacity in farads. 

, . To measure the voltage impressed between the 

the curve of Ryan and Clark, changed to standard spheres, three condensers in series to break up the volt- 
conditions of temperature and pressure, with a curve for age were used, a gold-leaf electroscope reading the 
seven-in. spheres calculated from Peek's “formula for voltage drop across the middle condenser. The electro¬ 
spark-over voltage for spheres of any size. In this com- scope reads effective values of voltage, whereas it 4s 
parison, the high-frequency curve veers away from the peak value which causes a flashover; therefore the wave 
60-cycle curve more gradually, but at about 50,000 forms of the low-frequency voltages, over the entire 
volts the high-frequency curve lies 6500 volts or about range of voltages used, were photographed with an 
13 per cent below the 60-cycle curve. oscillograph and the oscillograms analyzed mathemati- 

Alexanderson also investigated the problem to a cally to determine the ratios of effective to maximum 
slight extent in 1914 with his 100,000-cycle sine-wave voltages for this range. The voltage waves from the 
alternator, and found that a three-in. gap between Poulsen arc were investigated with a sensitive wave- 
five-in. spheres breaks down at about 100,000 volts, meter, and all harmonics found to be negligible, so that 
He does not definitely state that the high frequency used they may be assumed to be pure sine waves within 
was 100,000 cycles, nor does he say whether or not one a ver Y sma ^ fraction of one per cent. - « 

of the spheres was grounded. If it was grounded, as Description of Apparatus 

is probable, this shows about a 14 per cent lowering of The sphere-gap voltmeter was constructed according 
required voltage at high frequency. Alexanderson to A. I. E. E. specifications. The spheres are of brass, 
used highly polished sjpheres. 6.25 cm. in diameter and accurately turned. The 

.. Since the amount of data on the relation of frequency lower sphere is movable in a vertical direction, and the 
to spark-over voltage by all experimenters combined is gap may be readily read to a thousandth of an inch, 
rather meager and some of it conflic.ting, the‘present 
investigation was conducted in the hope of clearing up 
the question, and thus making the sphere-gap a stand¬ 
ard means of measuring high-frequency voltages, as it 
is at present a standard for 60 cycles. 


Neither sphere was grounded. ; • gUi||| 

Since the high-frequency voltage obtainable from: 


Poulsen arc equals 
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J^|lSi| ; ^ybltage across the a-c. 

VeaiRtanee of the a.-c. circuit. L is the inductance of the 
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terminals of the arc, R is the 
jpjg?§V" resistance of the a-c. circuit, 

«f|-coils, and C is the capacity of the condenser, a high 
ratio of inductance to resistance is necessary in the coils 
in order to induce the large voltages desired. The 
resistance of the coils at high frequency is many times 
that at 60 cycles, due to both skin effect and to eddy- 
current loss in the copper caused by the magnetic flux 
of the coil cutting the turns. The coils used were 
designed to make this high-frequency resistance a 
minimum, using formulas developed by C. L. Fortescue 
and published in the Sept., 1923 issue of the Journal 
of - the British Institution of Electrical Engineers. 
Twenty-four coils were constructed, 30 in. in outer 
diameter and 12 in. in inner diameter, containing eight 
layers of three turns each, turns being mounted on 
wooden pegs and spaced one in. apart. The smallest 
.high-frequency resistance for this size of coil is obtained 
by using No. 9 B & S gage wire. 

The condenser plates used measured seven by eight ft. 
and were constructed of galvanized iron nailed to 
wooden frames, with quarters of copper float balls 
soldered to the four corners and with metal connectors 
soldered to the sides to receive the connections from 
the inductance coils. To prevent stray electrostatic 
flux from these condenser plates from spreading out 
into the voltage measuring apparatus, grounded shields 
of fine-mesh chicken wire, stretched on pipe frames, 
were hung on both sides of the condenser. 

. In parallel with the sphere-gap were three air con¬ 
densers in series, the middle one of the three having a 
much larger capacity than that of the two outer ones. 
These condensers divide the voltage between them in 
inverse ratio to their capacities, so that the voltage 
drop across the middle one was about two per cent of 
the total voltage impressed across the sphere-gap. 
This voltage drop across the middle condenser was 
; ; .y • measured by means of a gold-leaf electroscope, con- 

\; nected in parallel with the condenser. 

Ife-:'. ■ * Tiie electroscope consists of a nickeled steel case with 
|jfg ; • glass front and back, down the center of which extends 

f’ a nickeled brass rod carrying the gold leaf. To prevent 

|| • * possible external flux from penetrating the interior of 
1 the electroscope, the glass front and back were threaded 

»V . .both horizontally and vertically with fine wires. The 
;j , • rod bearing the gold leaf is insulated from the case by 

sulphur. A protractor was arranged to turn on an 
^ x,s ' n line with the point of connection of the gold 
]eaf, a line peep-sight directly in front of the protractor 
' . and a frame carrying a fine hair about foUr in. behind 
; the protractor tui'nintr with the latter as an intetrfnl . 
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ing and pitting of the spheres which would otherwisellllftil 
result from such short circuits, water-tube resistances 
were placed in both high-tension legs of the transformer 
circuit, and a one-/u f. condenser successfully limited 
the flow of current from the high-frequency circuit. 

The voltage drops in the water-tube resistances and in 
the current-limiting condenser occurred before the 
voltage was impressed on the sphere-gap and measuring 
condensers and therefore were in no sense a source of. II I 

error in the measurements. 

The source of ultraviolet light with which the spheres 
were flooded was an open arc light, ordinarily used for 
oscillographic work, which was placed about four ft. 
from the spheres with the light concentrated on them. 




Procedure 

As the sphere-gap voltmeter is a standard instrument 
for the measurement of high voltage at 60 cycles, the 
electroscope was calibrated by reading its deflections ,, il 
for spark-overs between the spheres for voltages ranging 
from about 7000 to 55,000 volts effective, the voltage V#||: 
being varied by varying the field of the alternator. j;§||| 
Since the object of the research is to compare the high- lift? 
frequency voltage corresponding to a given gap with v|jjj| 
that required at 60 cycles, this method eliminated the ili 
errors which would have crept in if the electroscope had .-ftlft 
been calibrated with direct current and the capacities of 
the condensers measured. The readings of the sphere- 
gap were reduced to standard conditions, 760-mm. M§p9§ 
pressure and 25 deg. cent., as adopted by the A. I. E. E,, : ®S 
and were also corrected for wave form, since the sphere- IH i 


gap measures crest values and the electroscope effectivo h l£l§| 
values of voltage. Although the generator supplying ' fjj |g 
the 60-cycle power produced a practically pure sine j|jf§f 
wave, the voltage drops within the transformers due to |Sjf§i 
the harmorycs of the exciting currents and the distortion 


spheres, a 

.... ..-—transformer in the 

case of the low frequency and across the Poulsen arc 
in the case of the high frequency. To prevent the burn- 

* "• ••• . 

Sill SIS 


due to the internal capacity of the 60,000-volt trans¬ 
former produced a slight change in wave form, which 
necessitated the mathematical analysis of the voltage .-p|p 
wave on the high-tension side of the transformer, for : |jtjt 
the range of voltages used in the test. Oscillograms of jSB 
these waves at six representative values of voltage were ,fi|jjp 
analyzed, and the ratio of maximum to effective value S§|ft 
of the actual waves compared to this ratio for a pure l|f| 
sine wave. The corrective value averaged about 0.8 |jj|| 
per cent and in no case was larger than 1.8 per cent. : ' jjj 
The electroscope and measuring condensers having Jjf||j§ 
been calibrated for a given setting of the condensers, 
high-frequency runs were taken, reading electroscope Ml 
deflections as a function of distances between spheres 
•for the maximum range of voltages obtainable at any |p 
one frequency. Temperatures and barometric pres- 
suies were recorded, so that the gap readings might 
atei be reduced to those for standard conditions. The ( ^ 
voltages were varied by changing the d-c. voltage im- 
pressed on the Poulsen arc, the length of the arc-gap, U 1$L 
and the strength of the magnetic deflecting field so as /:1|1 
to give steady operation. Frequencies were varied by j||w 
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changing the number of inductance coils used and the 
distance between the main condenser plates. Fre¬ 
quencies were calculated from the wavelength readings 
of a wave meter. Runs averaging approximately 100 
readings each were taken for frequencies ranging from 
28,170 to 425,500 cycles, both with the spheres flooded 
with ultraviolet light and without. Runs at 133 
cycles, 250 cycles, and 500 cycles were also - compared 
with those for 60 cycles. In order to be sure that the 
particular setting of the measuring condensers was not 
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Fig. 2— Calibration of 6.25-cm. Spheres at 95,640 Cycles 

a source of error, runs were taken for several different 
settings, each setting requiring a separate electroscope 
calibration. The surfaces of the spheres were kept 
highly polished at all times, by polishing them with a 
power buffer at least once and usually several- times 



sight -of the protractor arrangement trained on the 
deflected gold leaf, so that the voltage at the instant of 
flashover could be read accurately. The spheres were 
always moved together at least a full turn of the control 
wheel before a flash took place, so as to avoid any error 
due to lost motion in the control wheel. In case the 
voltage at the instant of flashover was unsteady, the 
reading was thrown out. Care was taken to bring the 
voltage from the Poulsen arc up to the maximum 
possible with the d-c, voltage impressed»before taking a 
reading, so as to eliminate errors due to surges. 

Data and Curves 

The publishing of the 50 pages of data secured would 
serve no useful purpose, since the curves show the results 
obtained. Moreover, of the many pages of curves 
plotted, only three are included in this paper. Fig. 2 
is included to show approximately the accuracy with 
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Fia, 3— -Calibration of 6.25-cm, Spheres at Various Fre- 
;? i-e : . QUBNCiES Using Ultraviolet Light 

during each run, and by hand with a soft towel after 
each spark-over. • ; 

To obtain a reading, the distance between spheres was 
made slightly greater than could be* flashed across by 
the voltage impressed, then the spheres were slowly 
moved together by turning the control wheel until 
the sparlc occurred, at the same time keeping the peep- 


0 02 0.4 0,6 0.8 l.U 

GAP IN INCHES 

Fig. 4—Calibration of 6.25-cm. Spheres without Ultra¬ 
violet Light 

which the points fall on the various curves, and the 
very evident difference between the voltage necessary 
to flash across a given gap when the spheres are flooded 
with ultraviolet light and when they are not. The 
fact that all points do not fall accurately on the curve 
when ultraviolet light is flooding the spheres is due to 
a slight unsteadiness which is inherent in the Poulsen 
arc, not to any inaccuracy of the sphere-gap itself. 
Using ultraviolet light, 60-cycle curves always repeat 
themselves accurately, no point falling more than a 
quarter per cent off the curve. When ultraviolet light 
is not used, any point may be as much as two per cent 
off the curve. 

Figs. 3 and 4 show the final results of the‘test, the 
one when the spheres are flooded with ultraviolet light, 
the other when the spheres are not so flooded. 

Theoretical Explanation of the Results 
Mechanism of the Spark. Before considering the 
phenomena of electric discharge through gases, it may 
be advisable to recall certain fundamental concepts 
of the constitution of matter. * All matter is composed 
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of molecules in continuous motion, the temperature of 
any substance being merely a function of the energy of 
motion ofitsmolecules. Inagas, such as our atmosphere, 
the molecules are,relatively far apart, and the continual 
collisions of molecules with each other and with the 
walls of the containing vessel give rise to the pressure 
of the gas. The average distance traveled by a mole¬ 
cule before colliding with another molecule is known as 
its mean free path. All molecules, in turn, are com¬ 
posed of atoms, different combinations of the 92 kinds 
of atoms producing the millions of varieties of mole- 
, cules. The atoms are composed of a central nucleus 
with a positive electric charge and of particles of nega¬ 
tive electricity, called electrons, which travel around 
the nucleus in preeessing elliptia or circular orbits at 
enormously high speeds, the electrical attraction of the 
positive nucleus for the negative electrons balancing 
.the centrifugal force produced by these speeds. An 
atom thus may be compared to a solar system, its 
volume being mostly empty space. The number of 
planetary electrons in a neutral atom is always equal 
to the number of equivalent positive charges of the 
nucleus. 

It is possible for an atom to lose an electron, however, 
in which case it is called a positive ion, since the loss of 
a particle of negative electricity leaves the rest of the 
atom positively charged, Similarly, a free electron is 
able to attach itself to most atoms. When this hap¬ 
pens, the atom with its extra electron is called a nega¬ 
tive ion, An ion, whether positive or negative, behaves 
like an ordinary molecule, as long as it is not in an elec- 
tricfield. Assoonasanelectriefieldisproduced,however, 
the ion adds to its haphazard molecular motion a motion 
in the direction of the field, toward the positive electrode 
if a negative ion, toward the negative electrode if a 
positive ion. If this motion takes place in a vacuum, 
su that the mean free path of the ion is large, a com¬ 
paratively small voltage drop, about 16 volts for air, is 
sufficient to give the ion such a high velocity that it is 
able to knock an electron out of a molecule with which 
it collides. This potential is known as the ionizing 
potential of the molecule, that is, the potential neces¬ 
sary to knock out one of its electrons and thus make an 
ion of it. As the pressure of the gas increases, however, 
the mean free path decreases until at atmospheric pres¬ 
sure the air molecule has a mean free path of only about 
0 000004 in. In such a short distance it does not have 
ne chance to acquire the ionizing speed except at very 
high potential gradients. 

Whenever a molecule is ionized, the electron which is 
knocked out of it also feels the force of any electric field 
in which it finds itself. As an electron weighs only 
about one sixty-thousandth part as much as an oxygen 
molecule, however, and since the acceleration which an 
object undergoes in a given field is inversely propor¬ 
tional to the square root of its mass, its acceleration is 
evidently about 240 times that of an ionized oxygen 
molecule. Moreover, due to its increased speed and 
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its much smaller size, its mean free path is four times 
the square root of two or 5.66 times that of the mole¬ 
cule. The electron, therefore, will attain a velocity 
many hundreds of times that attained by an ion in 4111111 
the same field. Moreover, because of its smaller 
weight, as compared with that of a molecule, the elec¬ 
tron cannot lose more than a small fraction of its 
energy in an ordinary collision with a molecule. Thus 
it gradually accumulates velocity until the average 
amount it loses per collision equals that gained between 
collisions, the terminal velocity being a function of 

E 

( l , where E is potential gradient and d is density of 

the air. If the amount of energy represented by this 
terminal velocity is as great or greater than the energy 
necessary to ionize a molecule, such an ionization may 
take place, the probability of the ionization increasing 
rapidly with increase in velocity, up to velocities far 
beyond any which would be given the electron in air 
by an electric field. 

Now let us consider the mechanism of the electric 
spark between two electrodes with a potential gradient 
between them. Even though this potential gradient 
is far greater than that necessary to ionize the air 
molecules, no spark will take place unless there are 
either ions or electrons present to start the ionization. 

A few' ions per cubic centimeter are practically always 
present in the air, however, and new ones are being 
formed, mainly by the action of the penetrating 
ladiation recently investigated by Millikan and by 
ladioactivity, at the rate of about 12 per sec. per cu, 
cm. The electron .starts to ionize at a considerably 
smaller potential gradient than does the ion, and even 
though it ionizes only once for every thousand colli¬ 
sions, an electron would increase to approximately 
486,000,000 in moving one cm. For instance, the mean 
free path of the electron in air at atmospheric pressure is 
about 0.00005 cm. If it ionizes once in a thousand 
collisions, it would ionize about 20 times per cm. The 
rate of increase in the number of electrons, due to ioni¬ 
zation by electrons alone, is given by the equation 
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where n is the number of electrons after the initial 
electrons have moved a distance x in the direction of 
the force, ?i„ is the number of electrons at x = O, a is" 

f->r ber of ionizations P er centimeter, and e is equal 
to 2.71828, the base of the Napierian logarithm. Since 
in our assumption a equals twenty, n equals one, and 
x equals one, 

n ~ e?° = 485,122,000. 

However, one coulomb of electricity eciuals 
6,280,000,000,000,000,000 electrons, so that this enor¬ 
mous number of‘electrons would have to be formed 
per second to have just one ampere of current pass. 
Moreover, as fast as these electrons are produced by 
ionization, they are swept into the positive electrode, 
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leaving only the small number spontaneously formed 
by radiation or by radioactivity to carry on the work. 
Evidently, therefore, ionization by electrons alone will 
not produce a spark, 

For each electron set free by collision, however, 
there is also produced a positive ion, which is attracted 
in the opposite direction from that taken by the elec¬ 
trons. If the potential gradient is sufficient to allow 
positive ions to ionize air molecules by collision, or to 
knock electrons out of the negative sphere, the number 
of electrons produced, immediately increases enor¬ 
mously. Suppose that only one in a thousand of the 
positive ions produced were able to ionize and that 
this ionization took place close to the negative elec¬ 
trode, where the potential gradient would be greatest. 
Then one electron, with the help of the electrons which 
it sets free by collision, produces-485,000,000 positive 
ions while moving one cm. Of these positive ions, 
485,000, each ionizing once, then produce 485,000 new 
electrons, which, starting close to the negative electrode, 
each produce 485,000,000 positive ions in moving one 
cm., or a total of 235,000,000,000,000. One one- 
thousandths of these, or 235,000,000,000, produce 
235,000,000,000 more electrons close to the negative 
electrode, which in turn produce 485,000,000 times 
235,000,000,000 electrons, and so on, all of this happen¬ 
ing in a very small fraction of a second. The process 
is thus cumulative, the number of ions and electrons 
increasing at an enormous rate, and resulting in a 
flashover between the electrodes. Note that ioniza¬ 
tion by both electrons and positive ions is essential, 
and that, since the electron ionizes at a lower potential 
gradient than does the positive ion, the probability of 
ionization by the latter is the factor which determines 
the potential gradient necessary to produce a spark 
between the electrodes. This potential gradient has 
been found to be 30,000 volts per cm. under standard 
conditions of temperature and pressure. 

The reason for the increased accuracy of the sphere- 
gap at low frequencies When ultraviolet light shines on 
the Spheres is now easily understood. The action of the 
ultraviolet light is to liberate electrons from the 
spheres, a phenomenon which lias been named the 
photoelectric effect. Thus, when the spheres are 
flooded with ultraviolet light, there is always a large 
number of electrons in the space between the spheres 
to start the ionization, and the instant the potential 
gradient reaches a value of 30,000 volts per cm., a 
spark takes place. When, on the other hand, the small 
number of ions found naturally in the air must be 
depended upon to start the ionization, there may be no 
ions available at the instant the potential gradient 
reaches the required value. This is especially true in 
the sphere-gap voltmbtery in which the potential 
gradient gradually increases as. the spheres arte moved 
together; The gradient, before it has reached the value 
required for ionization by collision, simply sweeps into 
the spheres whatever ions are present, so that when the 


potential gradient does reach 30,000 volts per cm., the 
diffusion, into, the space between electrodes, of ions 
from the outer space must be depended upon to 
start the ionization. This may take an appreciable 
part of a second or even more, during which time the 
spheres are being moved closer together, with the result 
that a higher potential gradient seems to be required to 
flash across the gap than actually is required. Thus, 
the determination of a voltage by means of a sphere- 
gap voltmeter, which is not subject to t the action of 
ultraviolet light, may be one or two per cent in error. 

Effect of High Frequency . * 

To understand the effect of high frequency on the 
voltage required to spark across a given gap, we must 
consider such phenomena as the mobility of ions, their 
diffusion, and the variation of potential gradient by 
space charge. The effect of the attachment of electrons 
to molecules and the recombination of electrons with* 
positive ions to form neutral molecules is negligible in 
the high electric fields used. The mobility of an ion is 
the velocity with which it moves in an electric field. 

The mobility constant is the velocity in centimeters per 
second attained by an ion, at 760-mm. pressure and 
0 deg. cent,, per volt per centimeter of field acting upon 
it. This constant for positive ions in air is 1.32; for 
negative ions, 1.8. In high fields, the mobility is 
nearly independent of temperature, so that the error 
would be small if one neglected to correct gas ion 
mobilities for temperatures above 200 deg. iC. The 
mobility of electrons does not vary directly with poten¬ 
tial gradient, so that for electrons there is really no such 
thing as a mobility constant. The mobility is a func- 

E . 

tion of-, however, where E is potential gradient m 

r 

volts per cm. and p is pressure. According to a curve 
for electron mobility in nitrogen in a paper by Compton 
in the Physical Review of 1923, an electron in nitrogen 
at atmospheric pressure would attain a velocity of 
13,800,000 cm, per sec. under the action of a potential 
gradient of 30,000 volts per cm., or it would be swept 

1 „ . 

across a gap of one cm. in ^3 goo 00 O seC ‘ ^' ° 1 ' * air ' 

instead of nitrogen, the figures would not differ greatly." 

A positive ion, under the same conditions in air, would 
attain a velocity of 30,000 times 1.32 or 39,600 cm. .per 
sec. If the field were an alternating one, the velocity 
would vary as the voltage varied. For a pure sine 
wave of 30,000 volts per cm. effective value, the dis¬ 
tance traveled by an electron in one sec. in the direction 
of the force would be 12,160,000 cm.; by a positive ion,, 

35,650 cm. Evidently at 60 cycles both ions . 

electrons would practically all be swept out of the^U^IUlf 5 ''" 
every half-cycle, so that until the potential gr adi^hl l 
has reached 30,000 volts per_ cm., 
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accumulation of space charge to 


distort 


fell® ^Consider the same phenomena at high frequency, let 
telli^say^t 50,000 cycles per sec. The electros are 
H® 1 practically all swfept into the spheres every half-cycle, 
gtSfl^ust as at 60 cycles. The Positive ions have time to 
fap'3'''uiiove, however, for a gradient of 80,000 volts per cm. 

on lv about 0.35 cm. during a half-cycle, so that there 
rapid accumulation of positive ions in the space 
^tween the spheres, these ions simply surging back and 
"-forth between the spheres as the potential gradient 
reverses every half-cycle. 

Consider the effect of this positive space charge on 
the’ distribution of the total voltage between the 
spheres. If there were no space charge, the electro¬ 
static flux lines would all extend from the positive to the 
te^^lBpi'jiegative sphere, aud although the potential giadient 
ip y would be lower halfway between the spheres than it 
would be close to the sphere surface due to the spread- 
- ing out 0 j ^ flux lines, the distribution of the potential 
gradient would he symmetrical with respect to the 
spheres. When a positive space charge is present, 
however, the flux lines do not all extend from the 
positive to the negative sphere. All of them end on the 
£■: P ill negative sphere, but many of them extend out to the 
^^Sll||isitive.ions in the space between the spheres, instead 
to the positive sphere. Since the potential gradient 
proportional to the density of the electrostatic flux 
.fiallSiines, it follows that the potential gradient between 
^^|ii|f : :|||eres is distorted, . constantly increasing as the 
negative sphere is approached, or at least being greater 
fjS&S r ,s. near the negative sphere than it would be if the positive 
fjl U 1 space charge were not present. Therefore, even though 
“•lltKtiie total voltage would otherwise not be able to cause 
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positive, .ionization, this distortion of the field in- 



: 1 there, where their ionization is most effective in pro- 
ducing a consequent large number of electrons by 
fellB iBelflctron collision as the electrons produced by the 
~®|8p tt Spdsitive ions move to the positive sphere. The volt- 
reanired to spark across a given gap, therefore, 
P^ggfiSuld be less at high frequency than at 60 cycles, 
^^^fll'ecause of the distortion of the potential gradient 
11 by the positive space charge. 

;ll|v Let us see how large the effect of this positive space 
charge may be. Consider two spheres, 6.25 cm. in 
ggfdiameter, one cm. apart, with a potential gradient of 
|g ; 30,000 volts per cm. at the surface of each sphere along 
§g: ; the line joining .their centers. The electric charge per 
fisqhare millimeter of such surface would be 0.0265 X10' 


m 

i mz\ 




JoiuMial At 

in 

joining the spheres, be an appreciable fracC 
166,400'000 ions. If the space charge amount 
the full 166,400,000 ions per sq. mm. colimn, a He 
flux lines leaving the negative sphere would end V 
in the space, and the gradient at the positive 
would be zero. If the distribution of ions were 
form in such a case, the potential gradient at the 
tive sphere would be approximately twice the 
gradient. Actually the distribution is not unifo|| 
the ions ate concentrated mainly near the sphe 
is evident when one considers their method of pi 
tion. The potential gradient would then 
rapidly in the vicinity of the spheres, but the maxi 
gradient would still be approximately twice the ai 
gradient. If the space charge amounted to 20 per! 
of this 166,400,000 ions per sq. mm. column, th|| 
mum gradient would be increased about 10 per 
This increase would hold for a 20 per cent space el) 
regardless of the distribution of the space 
long as the distribution was symmetrical with re 
to the spheres, as it would very nearly be for 
frequency voltage impressed across the gap. 
duce at high frequency a 14 per cent mere 
maximum potential gradient as compared wtl 
maximum potential gradient corresponding to ft 
voltage between spheres at 60 cycles would I 
about 37,000,000 ions of space charge per 
column one cm. long connecting the spheres along 
line of centers. When one considers that.; 
electron, ionizing 20 times in traveling one cm., i#|| 
sible, with the aid of the electrons it sets free, ft 
production of 485,000,000 positive ions, it ih e 
that a space charge of 37,000,000 ions per sq 
column per on. is not only possible, but may bipj 
in a very small fraction of a second, provided 
tive ions are # not swept into the negative spher 
as formed, as is the case at 60 cycles, but are li0|§| 
field, merely oscillating slightly about 
equilibrium, as is true at high frequency. This i 
why a smaller voltage is required to produce A 
across a given gap at high frequency than at 60 < 
Let us now consider the effect on the space <?] 
and therefore on the voltage for a given gap, of g| 
increasing the frequency. At 30,000 volts 
effective value, we have found that the average v< 
of the electron over a half-cycle is 12,160,000 C] 
sec. Therefore an electron could get across gy|| 
gap up to a frequency of about 6,000,000 cycl 
corresponding velocity of the positive ion is 35, 
per sec. Therefore a positive ion could be held $ 
ing between spheres for a frequency as low as 
cycles, provided it were formed at just the rtj 
of the cycle. 


At such a frequency, however, !! 


.^ ... w ^.. . ^ _ __ ^^-0 

^fciSjilihulombs to give this gradient at'the surface, which is 
| ■ equivalent to 0.0265xl0-»x6.28xl0 18 or 166,400,000 

mm * ^ ectrons oft one sphere per square millimeter of small.percentage of the.positive ions formed WO 
and an equal deficiency on the other sphere.' held in the space between spheres, the rest -beingji 
^appreciably distort the potential gradient along the into the spheres. Therefore only a small spacif; 
3 connecting the spheres, it is therefore necessary that would accumulate, and the voltage necessary tdfjj| 
ii,space charge, within a column one mm. square a spark would be very little less than that 
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60 cycles. As the frequency increases, the distance 
the positive ions move in a half-cycle decreases, until 
at 60,000 cycles this distance is only 0.297 cm. for a 
potential gradient of 30,000 volts per cm., and cor¬ 
respondingly less for any smaller gradient. Note how 
many ions are now held in the field. If an electron, 
on the average, ionizes 20 times in traveling one cm. 

in the direction of the field, ^ 1 — ^ ) or 63.2 per cent 

of the positive ions, when the first stream of electrons is 
sucked out of the gas, are within a twentieth of a centi¬ 
meter of the positive sphere; ( 1 — ) or 86,4 per cent 

are within two-twentieths; 95.02 per cent, within three- 
twentieths; 98.77 per cent, within four-twentieths, etc. 
At the end of the first cycle, however, all of these ions 
have moved away from this sphere a distance of 0.297 
cm. for a 30,000-volt gradient, and, except for the effect 
of diffusion, these ions cannot be captured by the 
spheres. If we assume that half of the maximum volt¬ 
age of the cycle is necessary to allow the electrons to 
ionize appreciably, so that the first appreciable ioniza¬ 
tion occurs when one-sixth of the half-cycle is completed, 
all of the first ions formed which were produced within 

0.297 . . 

—g— or 0.05 cm. of the positive sphere will be sucked 

into the sphere during the following half-cycle. This 
leaves 36.8 per cent of the ions to accumulate for the 
space charge, since the assumption that the electrons 
ionize 20 times per cm. means the production of 

^ 1 — ~ ^ or 64.2 per cent of the ions within 0,05 cm. of 

the positive sphere. Of the ions formed at the first 
third of the half-cycle, 13.53 per cent accumulate for 
the space charge; of those formed 30 deg. later, 4.98 
per cent accumulate, etc. Thus approximately 10 
per cent of all the ions formed are held for the space 
cfiarge, neglecting the effect of diffusion. 

This effect, however, is not negligible, since the rate 
at which the ions are lost by diffusion increases with the 
concentration of the ions. The number lost by diffu¬ 
sion is given by the formula , 

d n , 

N = D dxdy 

where N is the number diffusing per second across the 
area dxdy when the space rate of change in the 

•• , d v 

concentration in the z direction is and D, the dif¬ 
fusion constant, equals 0,028 for positive ions in‘dry air 

and 0.032 in moist air. Since — for large ion con- 

CL Z 

1 : ! \ : . 

centration may be many millions, the number of ions 


lost by diffusion is far from negligible, and, since the 
number of ions formed per second is practically inde¬ 
pendent of ion concentration, and the number lost by 
diffusion increases with increase in concentration, evi¬ 
dently a terminal condition will be reached when the 
rate of ion loss equals the.rate of gain. This terminal 
condition determines what space charge will be accumu¬ 
lated, and therefore how much the potential gradient 
will be distorted. 

Since the terminal condition depends pn the rate of 
ion gain, it is at once evident thata lower voltage should 
be required at high frequency when the action of ultra¬ 
violet light provides an ample supply of electrons in the 
gap to start the ionization than is required when the 
number of electrons is limited to those naturally at 
hand. The decrease in the required voltage as the fre¬ 
quency increases is also easily understood, since the 
higher the frequency the larger is the percentage of ions 
which are retained in the gap, and. therefore the larger’ 
is the rate of ion gain, But above a frequency of 60,000 
cycles, we find that the voltage required to flash across’ 
a given gap no longer decreases with an increase in 
frequency. To understand this, we must consider the 
distribution of ions in the gap at different frequencies. 
This distribution is always symmetrical with respect to 
the spheres. At the lowest frequencies at which it is 
possible for a space charge to accumulate, the distri¬ 
bution throughout the gap is fairly uniform, since the 
ions can move almost across the gap in a half-cycle. 
As the frequency increases, the ions tend more and more 
to concentrate close to the surfaces of the spheres, since 
'this is the position in which most of them are produced 
and the time allowed for them to move away is inversely 
proportional to the frequency. This concentration near 
the sphere surfaces, of course, increases the loss of ions 
by diffusion, and at some frequency this increased loss 
of ions must neutralize the increased rate of production. 
Our data show that this frequency is about 60,COO cycles 
per sec,, both when the spheres are subject to the 
action of ultraviolet light and when they are not. 
That the action of ultraviolet light should not change 
this limiting frequency is predictable from our theory, 
since the effect of concentration of ions near the sphere 
surface in increasing diffusion depends merely on the 
frequency, not on the rate of ion production. 


In a report on “Daylighting in Multistoried Industrial 
Buildings” recently presented before the Illuminating* 
Engineering Society attention is called to the proper 
utilization of daylight. , 

"Natural lighting and artificial lighting are co-related 
in industry. As one is improved, there is a demand for 
the other,” said the report. “In the newest factory; 
buildings, controlled daylight has resulted in improved 
working conditions, increased production and lower*- ’ 
manufacturing costs. It is apparent, therefe- 
not only are engineers and manufacturers iht< 

. artificial lighting, but they arp equally inte 
daylighting.” 
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Methods Used in Investigating Corona LossSllJl 

By Means of the Cathode Ray Oscillograph -WS* 

■ by W. L. LLOYD, Jr.. aid E. C. STARR, '«■ 


BY W. L. LLOYD, JH 

Associate, A. L E. E. 

Synopsis— Methods of employing Ike cathode ray oscillograph 
for investigation of corona loss are described. By deflecting the ray 
of cathode particles ( electrons ) in one direction within the lube by a 
voltage proportional to the applied voltage, and in a transverse 
direction by a voltage proportional to the current, a closed figure 
representative of the loss, is thrown upon the screen. Methods of 
flaming photographic records of these figures and of calculating 
therefrom accurate values of the power expended are given. The 
mslrujnenl used is well adapted for this work. Power measurements 
of 0,1 watt can be measured with an accuracy of 1 per cent. 

From the volt-ampere cyclograms the characteristics of the positive 
and negative loss on the a-c. wave are readily observed. The 
instantaneous voltage of which the loss starts and the inslania- 

it*** ~ “* “ - 

-M^rmenls of the corona starling point and loss on various 
conductors check the laws of corona established by Mr. Peek in 1010. 

ie formulas of critical disruptive gradients" and “visual dis- 


Introduction 

T his paper describes in detail the methods used in an 
investigation of corona loss with the low-voltage 
cathode ray oscillograph. The work, which has 

been under wav for «p W ml im™ u- , 1 ” r v ** w ‘*** v “' s certain oi me eiec^*#! 

Engineering UboraSy at Pi ISiM ufj V ° lta8e t?” ' ° PaSS “ ° ng the axis ° (tube in 8 beami S*ll 
continuation of uTto^ttationiV I « ° r r ? y ° f c8th » de Particles, which su«Ji8«l 
Mr. P. W. Peer*™Sri? i nZ,f l V tad . 1 b ?' between two pairt ot metallic plat§l|#» 

detailed description of the methods emulow/ «t ^ V** V ° t£ t ges ean ^impressed, can be deflectd<t;felig| 

the cathode ray oscilWaphand t ? n ° rma C ° Urse by ^erse electrostaMH 

measurementswill fteIds ’ or by a ^nation 

limitations. It is aIso > ?” 5 7 eireuit being investigated, and cm be ! M 

Thp n ' beam has ! )ractical,y 110 mass and hence no natuiUS 

_ . Ihc Cathode Ray Oscillograph period, at least within the limit of the higher' 

This instrument depends for its operation upon a jet fre £ lencies '' ' 

Lkf i °; eath , 0de particles Electrons) moving at biographic Records, Although not stronglyduMH 

unnri »°fl ty , mth “ ** evacuated tub e and impinging ™ u ?’ the bgl ‘ re traced on the screen of the tube cam^S®® 
_P-a^uorescent screen. The electrons are dis- P^tographed. A sharp image can be obtained 

R Both of tiio Qouornl Electric Co, Pittsfiniri at using a ens ut the length of exposure required is ve||^^^fc 

4*v 7T W- Pe f k ’ jr •’ Law of Corona “ nd Metric Strength of k^nt ]< f ger)l Consequently this methail|l^ 
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and E. C. STARR' ' 

Non-mombot' , 

ruptive gradients" were closely checked. The loss was founiH^^A 

follow a quadratic above the visual critical corona voltage, e„ FiM%0 Ifff 

cables, and roughened conductors the excess loss below 

surface irregularities approximately follows the probability 

For smooth, polished conductors the loss suddenly jumps from ecrafcf Hi 

a definite value at e v and then follows the quadratic. 

The practical effect of the condition of the conductor surface 
forcibly brought out by the following data measured on a mJOClW^UlM 
cir. mil cable at G8,5 in . spacing to neutral plane: ' 


Voltage between 
linos (tlireo 
pliftso) 

26S kv, (off,) 

220 « " 

205 M « 

ISO « 

132 * « 


Sixty-cyclo l os3 in lew. per mile of conductor 
3mootu Hough Mutilated 


Smooth 

Rough 

49 


18 

29.4 

0 

17.0 

0 

0 

0 

0 




charged from an incandescent filament (the 
cathode). Under the action of 




a strong electric fieldllH^f 
ited toward the anoddll^M 
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An accurate but somewhat blurred image eati be 
obtained with a comparatively short exposure by 
operating the tube in a darkened room or box and 
placing the emulsion side of a photographic film 
directly in contact with the end of the tube, The 
exposure required is about Vio to second for a 
straight line image, and about 34 second for other 
figures. The exposures are made by bringing the 
filament of the tube up to the proper temperature and 
then closing the anode circuit for the required length of 
time. 

Corona Loss Measurements 
Volt—Ampere Cyclogmms. The most satisfactory 
arrangement for studying corona losses by means of 
the cathode ray tube has been found in this investiga¬ 
tion to be that shown diagraromatically in Pig, 2. A 



Fig* 


2—Diagram of Connections foe a Study of Corona 
by Means of the Cathode Ray Oscillograph 


specimen of the conductor to be studied was suspended 
vertically at a uniform spacing from a broad, vertical 
metal plate having a length of about 20 ft. This 
plate was composed of three sections of equal width. 
The end sections, each five feet in length, were grounded 
and the middle section, which was insulated from the 
othfcr two, was grounded through the variable non- 
inductive resistance, The function of the end 
sections was to intercept the corona discharges from 
the ends of the conductor and leave a uniform section 
exposed to the active plate. 

Although this ground plate, which served as a part 
of the neutral plane, was 5 ft. wide, it was rather narrow 
relative to some of the- spacing* used in the tes ( ts. In 
the near vicinity of the set-up, there were several other 
grounded objects (principally a metal wall) which were, 
in effect, extensions of the ground plate. Consequently 
the active section of the plate was only a part of the 


■ yM 


practically infinite neutral plane, and therefore inter¬ 
cepted only a fraction of the flux emanating from the 
conductor. The relative amount of flux intercepted 
became less as the spacing was increased. The object 
of this work, however, was to study the critical voltage, 
the mechanism of the discharge, and the relative rather 
than the absolute value of the losses. For this purpose, 
the set-up was found to be entirely satisfactory. 

The step-up and potential transformers were iden¬ 
tical, and were rated 10-kv-a., 25-cycle? 200/100,000- 
volt. These transformers were capable of delivering 
150,000 volts intermittently without injury and when 
operated at 60 cycles without high flux density in the 
core. Voltage control was obtained by means of 
variable resistances in series with the low-voltage 
winding of the step-up transformer. Resistances are 
very flexible and give practically no wave distortion 
when used in connection with a load of, constant, 
impedance, as in these tests. A constant-impedance 
load, consisting of high-voltage condensers of a total 
capacity of about 0.00125 jx f., was shunted across the 
high-voltage winding, This was a load several times as 
great as that imposed by the exciting ky-a, o l the 
transformers plus the maximum corona loss obtained. 

The function of this capacitance was to smooth out the 
voltage wave impressed on the conductor. It ac¬ 
complished this by supplying the magnetizing current 
of the transformers and by providing a heavy sinu¬ 
soidal current to minimize the disturbing influence of the 
non-sinusoidal corona currents, 

A resistance potentiometer consisting of two non- 
inductive variable resistances, R l and i? 8 , was shunted 
across the low-voltage winding of the potential trans¬ 
former and provided a means of obtaining a voltage of 
the desired value across the deflector plates of the 1 
cathode ray tube. The voltage thus obtained was 
for any particular setting of R x and R 2 proportional to 
and in phase with the voltage impressed on the corona 
conductor, 6 

The voltage drop across R$ was proportional to and in 
phase with the current flowing to ground from the 
middle section of the test conductor and was impressed 
across the remaining pair of deflector plates. 

Since the corona phenomena are re-occurring, % the 
figures traced on the screen of the oscillograph tube 
under the above conditions are stationary and are 
accurately indicative of the instantaneous relationships^ 
between voltage and current. When no corona exists, 
both the current and voltage waves are sinusoidal and 
90 degrees out of phase as dry air is practically a perfect 
dielectric. The figure traced on the screen is then a 
pure ellipse. With the connections as shown in Fig. 2, /• •if||li||| 
the abscissas of the ellipse are proportional to voltage 
and the ordinates proportional to current. The 


5. The phase angle and ratio-errors of'a high-voltage 
former when operating at low core densities on no load 1|P1 m 

down transformer aro 'very slight and. for this 
can be neglected. 
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gram in Fig. 3 a illustrates this condition. The indi¬ 
vidual axes were obtained by grounding one pair of 
deflector plates at a time and thus obtaining each 
separate deflection independent of the other. When 
corona is present on the test conductor, the voltage 
remains sinusoidal but the current wave is badly dis¬ 
torted. An individual discharge takes place during 
each half-cycle of voltage, near the crest of the wave if 
the impressed voltage is only a few per cent above the 
critical disruptive value. These discharges appeared 
on the screen of the tube as an irregular "hump” on 
each half of the figure. The circuit employed was such 


- 0im 
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by means of an adjusting screw and forced into 
with the film. The filament of the tube was heated to 1 
the proper temperature, the required current 
been determined previously by means of the fllarei0n;|||I|ll|S 
ammeter and visual inspection of the figure on 
screen. The desired voltage was then impressed on tJliliillll 
test wire. One pair of deflector plates was grounded jjjjjljf I 





.Jill; I 
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Fm. 4 Volt-Ampere Cyci.oqham op Hhavv 


Conductor; No. 00 polished conductor 
Spacing; 21,0 in. t 0 noutrnl 
1 oitago; 160 kv. (oiT.) to iiouU'ftl 


Corona 


M 

'■I 



second! 6 Thets^V^f ^ fP pr0XlmateIy 

cireuit nti ;i 1 ,, P of p]ates was ^hen connected' 

«. expost ™<e er Zl 8, '° Unde ? “•«» J*W-L 

connected in circuit S? ^ pIates werG then ■ : jv; o: | 
sec. was ml r \“ ld an ex P°sure of about MiS®Sll I 
n 11s way a record of.the figuf^S^^i^l 
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Fio. 3 —Volt-Ampere Cycloorams 

A—Below corona starting voltage 
B—Jwt above corona starting voltage 
Conductor; No. 00, polished 
Spacing; 63.5 in. to neutral 
Voltage; 9L0 kv. (dr.) to neutral 




Fig, 


Cyelogr»m Abscisaae 
proportional to known 

f , V . ol * age ' Ordinates 

proportional to Complex Current 
E—Known Voltage. 

I-Derived Current. 
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|l|l As noted above, a permanent record nf ^ 
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The film was first placed in politiL in the f 
§1“ «»•<*. 
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which was non-inductive, was kept less than 100,000 
ohms. Consequently the maximum phase-angle error 
introduced was less than one degree. 

A grounded network was placed above the bushings 
of the transformers to shield out stray fields which 
otherwise would have reached the effective section of 
the ground plate. 

Most of the work was done at 60 cycles but some 
measurements were made at 420 cycles. Practically 
the same test circuit was used in both cases. At normal 
frequency, even with the loading capacitance removed, 
the system drew a leading current, but at 420 cycles the 
impedance of the step-up transformer was so increased 
and the impedance of the high-side load so decreased 
that the system drew a lagging current. It was'neces¬ 
sary, then, in order to reduce the current drawn from the 
supply lines to a minimum, to remove the extra capaci- 



Fia. 6— Corona Discharge Characteristics as Indicated 
ry iriiE Volt-Ampere Cyclogram 

A\’ Proportional to instantaneous disruptive voUago 
I max Proportional to maximum current 

^(max) Approximately proportional to maximum conductor charging 
current 

tance from the high side and shunt a large capacitance 
across the low side of the step-up transformer. 

The sources of power for all of the tests, both 60 and 
420 cycles, were sine-wave alternators of large capacity. 

Analysis of Cyclograms. Since the abscissas of the 
cyclograms are proportional to instantaneous voltage, 
and the ordinates proportional to instantaneous current, 
if the wave shape of one of the two quantities is known 
the other can be plotted with time as abscissa and the 
unknown quantity as ordinate. Fig. 5 illustrates a case 
in which the horizontal deflection was produced by a 
known sinusoidal voltage (a voltage proportional to and 
in phase with the voltage of the test conductor) and 
hence the current wave, in both magnitude and phase, 
was readily derived, as shown, from the cyclogram. 
The original cyclogram from which Fig. 5 was taken is 
given in Fig. 4. 

As' well as giving an indication of the wave form of 
the current in the corona discharge, the eyclograms 
also provide an accurate means of determining the 
instantaneous voltages, positive and negative, at which 
corona forms on the conductor. In Fig. 6, E ( (pos.) 
and Ei (neg.) represent these voltages., 

Since the discharges fade out very gradually, the 
cyclograms give no definite indications of -the exact 
stopping points. It is evident, however, that the 
discharges do not persist far beyond the crests of the 


voltage waves. As brought out later, the stroboscope 
verified this point. 

The maximum charging current of the conductor 
due merely to the normal conductor capacitance 
and the maximum rate of change of voltage" for that 
particular max mum vol tage is represented (approxi¬ 
mately) by I c (max). 

The maximum currents occurring during the dis¬ 
charge are represented by I max (pos.) and l max (neg.). 

The rotation of the cathode beam in generating this 
general type of cyclogram is, as viewed normally, 
counter clockwise. •> 

Stroboscopic Observations 
In order to obtain an approximate check on soihe of 
the discharge characteristics disclosed by the cathode 
ray tube, a stroboscope, or synchronous shutter, was 
used to permit visual inspection, in a darkened room, 
of the corona discharge from a polished conductor at' 
any point on the voltage wave. These observations 
checked the instantaneous disruptive voltages very 
closely, and indicated definitely that the discharges 
terminate shortly after the passing of the voltage cl-ests. 
The corona "sparks” are most intense when they first 
appear. The illumination then gradually fades out and 
disappears at a point 10 to 25 deg. beyond the voltage 
crest. 

Power Calculations 

When taken by means of the circuit shown in.Fig. 2, 
the cyclograms obtained are volt-ampere curves, the 
horizontal deflections being practically proportional 
to and in phase with the sinusoidal line voltage to 
ground and the vertical deflections practically pro¬ 
portional to and in phase with the complex current 
flowing between the conductor and ground plate. 
The average power represented by the cyclogram can 
then be calculated by either a polar coordinate or rec¬ 
tangular coordinate method as described in detail in 
the unabridged paper. 

Volt-Goulomb Cyclograms. The corona phenomena 
can be studied from a somewhat different angle if the 
resistance, R h in Fig. 2 is replaced by a capacitance Cs, 
or by a parallel combination of capacitance and high 
resistance CV. The ordinates of the cyclograms 
obtained are then proportional to the instantaneous 
charges induced on the ground plate by the voltage on 
the conductor. * 

If pure capacitance is used, the figure will drift over 
the screen of the tube due to the accumulation of a 
negative charge on the deflector plate connected to ! 
Cz. Since in the case of 60-cycle corona on conductors 
at relatively close spacings, the positive and negative 
discharges are of unequal magnitudes, C* will accumu¬ 
late a positive or an additional negative charge which 
will cause further drifting of the figure. In the case of;a 
small conductor (0,016-in. diam.) at a fairly close 
spacing (7.5 in. to neutral) it \yas found that'at'abouS r ; 
15.0 kv. to neutral the positive excess was just sufficient 
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to compensate for the negative charge acquired from 
the electron stream within the tube. Consequently the 
figure would remain stationary near the center of the 
screen and could be photographed when the line and 
anode voltages were properly manipulated. 

# When a high resistance is shunted across C 3 to pro¬ 
vide a leakage path for the excess positive or negative 
component, the figure remains stationary at all voltages 
and can be photographed in the usual manner. 

This type of cyclogram has been employed in other 
corona investigations, notably those of Dr. Ryan, and 
• Provides a convenient means of studying the phenomena 
from the standpoint of the charge and discharge of 
space condensers,” but is not so convenient as the 
first type for power calculation purposes, 6 

Power Loss Data 

. , B y raeans of the first method described above 
(fc e. the volt-ampere cyclograms), loss measurements 
were made on several solid conductors of various sizes 
under different conditions of spacing and surface 
regularity, and also on a large, concentric-strand cable. 
Typical data are given in Tables I and II and on the 
accompanying curves. 

" V . TABLE I 

Conductor;—0.306 iu, dlnm., polished. 

Spacing:—63,5 in. to neutral, 

Length:—10.0 ft. 

Temp.: m 20 deg. cent, Bar. 28,77 in. hg,‘ s ~ 0.977 

Tubo anode potential « 290.0 volts. 

Be ■= 87.0 Icy, eft, 

* fa Power loss (watts) 

_ neutral ohms Mcas. ! Calc.* 

87,0 11,067 sjil ' 77* 

01 ° 11,067 7 45 ? - 22 

loo.o n.067 n.8 ,o' 6 

116.0 11,007 25 .3 IU 

W 130.0 11,067 43: 2 4i‘o 

--± 4a - 5 _ 11.087 09.7 70 'n 

bylwT^f ^, by “ eanS ° f Pe0k ' s Oaw wires) multiplied 

TABLE IX 

Conductor 0.365 in. diam., polished, 

Spacing:—21.5 in. to neutral, 
y. Length:— 10.0 ft. 

Temp. =* lg deg. cent. Bar. - 28.47 In, lig M a = o 99 

Tube anode potential = 290.0 volts ' 

' BcX vo,ta8 ° - 77.0 kv. (eiff.); Decreases voltage = 76.0 : 
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rather close spacing (7.6 in. to neutral), and at volt¬ 
ages up to the arc-over value. It will be noted that the 
curve of square root of power against line voltage is very 
nearly a straight line for a considerable distance above 
the point marked e v indicating that in this region the loss 
followed a quadratic law quite closely. Near the upper 
end this curve turns up rapidly, indicating that the loss 
increased at a higher rate just preceding arc-over. Dirt 
and oxide on this conductor had practically no effect on 
the loss above e„. The effective diameter of the con¬ 
ductor was probably sufficiently increased by the foreign 
matter to compensate for the irregular surface. 

Pigs. 11 and 12 give the 60-eycle loss characteristics of 
a large; solid conductor (0.365 in. diameter), both 
polished and rough, at two spacings (63.5 in. and 21.5 
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0 10. 20 30 40 ’50 60 70 80 90 100 110 
KILOVOLTS TO NEUTRAL (EFF.) 

Pig. 10—Observed Corona Loss, Measured dy Means of 
the Cathode Ray Oscillograph 

Oouductor: 0.015 hi. diameter smooth 
Spacing; 7.6 in, to neutral 
Length; 10.0 ft. 

Frequency —60 cycles 


III 

till 


191 

i I 


J£v. (e(T.) 
to 

neutral 


Power loss (watts) 


|^0C 'V ' »y 0 73 UeS (SSSr “ eanS ° ! P66k S f0Vml " a (large wteos) 

Ifr0 Kg; loaves the 60-cycle loss characteristic of a 
; , very small , smooth wire (0,016 in. in diameter) at a 

•> „ 6, and Henline, The Hysteresis Character of Corona 

mm£ F0maltOn ' A ‘ L B,B - Transactions, Vol. XLI1I, 1924, p. 1118. 


m. to neutral). The curve for the roughened conductor 
in Fig. 11 was plotted from the data given in Table I, 
and the curve for the polished conductor in Fig. 12 was 
plotted from the data given in Table II. No loss 
whatsoever could be detected from the polished con¬ 
ductor until the visual critical voltage was reached. 
At this point it suddenly jumped to a definite value and 
then, with further increase of voltage, followed a 
quadratic law very closely. It will be noted that for 
this conductor at the closer spacing two critical 
voltages are indicated, one for increasing voltage and a 
different one for decreasing voltage. This character¬ 
istic seemed quite definite in the case of large polished 
conductors at snM spacings, and was probably an effect 
of the space charge created by the uniform corona 
envelope. The roughened conductor gave a loss at 
much lower voltages than the polished, and a greater 
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loss at the higher voltages. In this case, the loss ap¬ 
parently followed no definite law and was very sensitive 
to accidental surface conditions until well above the 
starting voltage, when the curve became a quadratic. 
The excess loss above the quadratic due to surface 
irregularities gave a typical probability curve. 

Loss measurements were made on a 336,400-cir. mil 



60 80 10Cf 120 140 

KILOVOLTS TO NEUTRAL (EFF.) 

Fia. 11 —Observed Corona Loss, Measured by Means op 
the Cathode Ray Oscillograph 

Conductor: 0.305. in. diameter 
0 smooth surface 
+ rough surface 

Spacing to neutral: 03.5 in. 

Length: 10.0 ft, 

• Frequoncy—00 cycles 

A, C, S. R, (aluminum conductor steel reinforced) 
cable with the surface in three different conditions, 
namely, smooth, rough and mutilated. A smooth, 
clean cable spaced 63,5 in. to neutral gave no loss below 
119.0 kv. to neutral and closely followed the quadratic, 
for m 0 = 0.85, above 125 kv. This value of m o was 
about the average obtained with this conductor at the 
21.5-in. and 63.5-in, spacings. In the case of the 
roughened conductor, the outside strands were scratched 
as if the cable had been dragged over rough ground, 
and were covered with spots of dirt and oxide, The 
loss started at a lower voltage (89 per cent of the former 
starting value) and was higher over the entire range, 
The outside strands of the mutilated conductor were 
in a condition such as would be produced by dragging 
the cable over hard sharp rocks. The loss started 
at a very low voltage, (53 per cent of the starting value 
for the smooth conductor), and was of greater magni¬ 
tude than in the other two cases. 

It was found that the curve obtained by subtracting 
the quadratic from the loss curye of the mutilated con¬ 
ductor was a typical probability curve* Extrapolation 
of the curves for the three conditions beyond 160 kv,, 
(up to which voltage the measurements were taken), 
showed them to come approximately together at 185 kv. 
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The loss from the smooth cable had much the same 
characteristics as that from the roughened solid con¬ 
ductor. The surface irregularities in the former 
case due to stranding and in the latter case due to 
buns and scratches caused the loss to begin below 
the visual critical voltage/ J e v , (for a smooth conductor 
of the same diameter), but not so low as the critical 
disruptive voltage, e o. The quadratic seemed to apply 
when the true critical voltage, e„, was approached. As 
was mentioned in connection with the solid conductors, 
the loss from the cables at voltages below <?. was very 
sensitive to changes in surface condition. When -the 
strands were badly scratched, the loss started at a 
relatively low voltage, far below the value of e 0 for 
the smooth cable, and .was of considerable magnitude at 
voltages too low to cause any discharge from the 
undamaged conductor. 

It is of interest to study the data obtained with the 
above)three specimens of cable and the following' 
conclusions are of particular interest: 

1. At e v , corresponding to a three-phase line voltage 

of 258,000 volts, the loss from the smooth cable was 49 
lew. per mile of conductor. * 

2, At 220,000 volts, three-phase, the loss from the 



“40 60 80 100 120 140 

KILOVOLTS TO NEUTRAL (EFF.) 

Fia, 12 —Observed Corona Loss, Measured by Mean8 of 
the Cathode Ray Oscillograph a 

Conductor: 0.366 in, diameter 
■ smooth surfaco 
+ rough surface 

Spacing to neutral: 21,6 in, * 

Length: 10,0 ft, 

» Frequency— 60 cycles 

smooth cable was 18.0 kw. per mile and from the rough 
cable was 29.4 kw. per mile. 

3. At 205,000 volts, three-phase, there was no loss 

from the smooth cable; 17.0 kw. per mile loss from the 
rough cable, and 38.0 kw. per mile loss from the muti¬ 
lated cable. ..." | 

4. At 132,000 volts, three-phase, the loss from the 
mutilated cable was 4.7 kw. per mile of conductor,' j? 
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5. At sea level, and in fair weather, the smooth cable 
would operate at 206,000 volts, and the rough cable at 
180,000 volts, three-phase, without corona loss. Corona 
would still be present on the mutilated cable at 130,000 
volts, three-phasfe. 

From the above data, it is evident that a great deal of 
care should be exercised in stringing the lines in order to 
keep them as free as possible from burrs and scratches. 
It is also evident that small changes in the surface 
condition of tljp conductor produce large changes in the 
magnitude of the loss near the critical voltage. The 
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40 60 80 100 120 140 160 
KILOVOLTS TO NEUTRAL (EFL) 

I 1 ig. 13 Observed Corona Loss—Measured by Means of 
the Cathode Ray Oscillograph 

Comparison of lossos at 420 cycles and GO cycles 
Conductor: 0.305 in. dlam.. polished surface 

Spaclog to neutral: ; * =21.5 In. 



Length: 10.0 ft. 


deviation of the loss curve from a quadratic below 
e„ seems to follow the probability law and, since the 
loss below fit, is determined by the size, projection, and 
number of irregular. “spots” on the conductor, it is 
reasonable that this law should apply, at least 
approximately. 

It seems that the best general practise is not to at¬ 
tempt to design the line for a given amount of corona 
loss, but to .so choose the conductor and spacing that 
the dielectric strength of air (f. e., 30 lev. per cm. max. 
under standard atmospheric conditions) multiplied by 
the irregularity factor of that conductor is not exceeded 
at the ^conductor surface for the highest operating 
voltages. Recent developments in the manufacture 
°« ca “ es having large diameters relative to their 
effective cross sectional areas make it economically 
possible to design and construct corona-free lines. 

.The irregularity factor is determined by actual 
measurement on a specimen of the given conductor or 
a similar conductor which has been installed and well 
weathered under the particular conditions involved. 




e Radio interference, and interference with successful 
t carrier-current communication on the line itself are 
i gaining importance as factors making the elimination 
) of corona an i mportant matter. 

Loss at Higher Frequency. Fig. 13 gives the loss 
f characteristics of a large solid conductor, polished, at 
> 420 cycles in comparison with the same at 60 cycles. 

• The ratio of losses at the closer spacing was about 3 
5 and at the greater spacing was about 3,6. The conduc- 
; tion component of the loss was apparently considerably 
! greater at the small than at the large spacing and 
probably accounted for the difference in ratios. These 
curves are quadratics with the same critical voltages 

as the 60-cycle curves on the same conductor. 

* 

Comparison With Results op Previous 
Investigations 

The quadratic law, which was established by Mr. 
Peek in 1910, was closely checked for voltages above 
the “visual critical” value (e„). Below this voltage, the 
deviation from a quadratic of the loss curves for cables 
and roughened solid conductors was found to follow 
the probability law closely. 

In order to obtain absolute values, it is necessary to 
correct the loss data obtained in these tests because the 
ground plate did not intercept all the electrostatic flux 
emanating from the conductor. The correction varies 
with the spacing. For any given spacing, however, 
the percentage of flux intercepted by the plate is ap¬ 
proximately constant regardless of the voltage. 

The correction is readily obtained by coinparing the 
calculated charging current of the conductor with the 
measured values. In this manner it was found that 
at a spacing of 63.6 in. to neutral, about 44 per cent of 
the total current was measured, and at a spacing of 
21.6 in. to'neutral, about 78 per cent was measured. 
The uncorrected measured loSs at the greater spacing 
was about 38 per cent of the value calculated by 
means of Peek s formula and, at the smaller spacing 
was about 70 per cent of the calculated value. 

The formulas for critical disruptive gradients and 
particularly the visual critical gradients as determined 
by Mr. Peek's early work were closely checked. 

Over the entire range of conductors tested, a remark¬ 
ably close agreement exists between the observed and 
calculated values of There is also a fairly close M 
agreement between the observed and calculated values T 
o e,i. In the case of the roughened solid conductors ' 
the loss actually started at voltages well above the e, ;: 
of the same conductor in a polished condition. The K 1 
same may be said regarding the roughened cable. For ' 
the mutilated cable, however, e e is lower than e„ (e„ = e 0 *' 
in the cas e of large cpnductors such as this). This * 

7. = Disruptive critical Voltage in Peek’s formula. 

EtJ conductors of a diamoter greater than 

about 0.15 inches. See Dielectric Phenomena in High Voltage 
Engineering, ’ by E. W, Peek, Jr., pp, 117-152. 
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condition is largely accounted for by the presence on the 
cable of numerous sharp projections which produced 
flux concentrations and consequently, local discharges 
at relatively low voltages. 

Characteristics of the Corona Discharge 
Typical cyelograms showing the discharge character¬ 
istics under different conditions are given in Figs. 3b, 
4 and 14. It will be noted that for polished conductors 
(Figs. 4 and 14 left side) the individual discharges, 
particularly the negative, form very suddenly, and the 
current waves'contain abrupt distortions. In the case 
of roughened conductors (Fig. 14 right side) and cables 
the individual discharges form much more gradually 
and the current wave distortions are much less abrupt. 



Fia, 14 —Comparative Oyclookams Showing tub InfiiU- 
bnce of Conductor Surface Condition Upon Corona 
Discharge Characteristics. 

Conductor: solid, 0.308 In. dlam. * 

Spacing to neutral: 03,5 In. 

Fig. 14 illustrates the influence , of surface conditions 
upon the magnitude and character of the discharge. 

The decrease of instantaneous disruptive voltage 
with increasing line voltage is shown in Fig. 14. 

Summary 

The low-voltage cathode ray oscillograph is well 
adapted to investigations of phenomena involving small 
currents of complex wave shape. This instrument was 
used in a study of the volt'—ampere characteristics of 
the corona discharge. The circuit employed was such 
that the figures traced on the screen of the tube were 
volt—ampere cyclograms. These cyelograms were 
photographed by placing the film directly against the 
end of the tube and the power expenditure represented 
was calculated by a method which was in effect the 
same as that of transcribing the polarfigures to rectan¬ 
gular coordinates and integrating the power wave in 
the usual manner. The results were converted to watts 


by means of the tube calibration data which were 
obtained by impressing definite voltages across the 
deflector plates and measuring the resulting deflections. 

The cyelograms give accurate indications of the 
structural nature and characteristics of the corona 
discharge. 

Some of these characteristics were checked visually 
by means of the stroboscope. 

The following conclusions were drawn regarding the 
power loss and starting voltage: 

1. Above the “visual critical voltage'" e„, as given 

in Mr. Peek's early work, the loss-voltage relation is 
a quadratic. ’ 

2. For polished solid conductors the loss suddenly 
jumps from zero to a definite value at e v and’then 
follows a quadratic, 

3. For cables and roughened solid conductors the 
excess loss above or below that given by the quadratic 
law approximately follows the probability law below' 
e v . This excess loss may be either positive or negative, 
or both. 

4. The critical disruptive gradients and particularly 
the visual critical gradients as determined in Mr. 
Peek's early work were closely checked. 

. 5. The loss near the starting voltage is greatly 

affected by the regularity and condition of the conductor 
surface. 

The characteristics of the discharge are briefly as 
follows: 

1. For polished solid conductors the individual 
discharges, particularly the negative, start suddenly 
and are accompanied by heavy rushes of current. 

2. For roughened solid conductors or cables the 
individual discharges start gradually and the current 
waves contain no sharp breaks. 

3. The instantaneous disruptive voltages decrease 
with increasing line voltage, 

4. The individual discharges stop near the crests of 
the voltage waves. 

Acknowledgment is made of the assistance of Mr. 
T. M. Hotchkiss, and others of the staff of the High 
Voltage Engineering Laboratory. 
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Many new buildings throughout the country are now. 
equipped with the new type of elevators which are so 
completely electrified that they operate at high speed, 
and in the service of the tallest buildings practically 
without the aid of operators. New York has several,; 
such buildings and now they are appearing m other 
parts of the land. Omaha’s newest office structure is 
in the list. When a patron steps on the car at the 
bottom level, the operator merely presses a button 
representing the floor at which the passenger wishes to 
alight. Motors start the car, slow it down, stop it at .; 
the designated floor, open and close the doors and carry 
the car on its way. •' 
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Synopsis.— rphe paper renews the general characteristics of large 
synchronous condensers, with particular reference to the possibilities 
Of greater standardization in condenser specifications . Particular 
emphasis is placed on the question of the ratio of lagging to leading 
ko-a. capacity, and it is concluded that about 60 per cent lagging 
capacity is normal, while any important increase in this ratio 
requires special design of greater size and cost. Attention is 


called to the advantage to be gained by the use of reactors in place of 
such oversized condensers, where extra lagging capacity is needed. 
Sepai ate sections of the paper are devoted to starling and stability 
clmaclenslics, and to recent improvements in the design of syn- 

tZT C T lei 'f' & - , F ™ all V> lhe use of asynchronous condensers 
is discussed and found to be undesirable , 


I. Object of Paper 

T HE large amounts of leading lcv-a. required by 
modern power systems are most economically 
piovicled by means of synchronous condensers, 
and so the numbers and unit sizes of these machines 
have steadily increased in recent years. Thus, in 1925 
two 40,000-kv-a., and thisyear, the first of three 50,000- 
kv-a. condensers were placed in service on the Pacific 
Coast, while upwards of 35 others of sizes above 1000 
kv-a. were built in the United States during 1926. 
Their continually increasing importance makes it de- 

hi*! Lrv _1 _ i . .. 


any given size, which, in turn, greatly helps standardize 
tmn. Besides, the torque required being merely that 
to hold the rotor in step, the usual stability limitations 
oi synchronous machines are lifted, and consequently 
very h, g h current loadings can be employed. All these 
things contribute to the attainment of low costs. On 
the other hand, the low initial cost of the condenser 
itself and the small amount of associated equipment 
required combine to make the operating cost of the 
power losses an abnormally high proportion of the 
whole. On this account, special emphasis is placed 


«..e to stap, ity and t oT the a ZZnTTt, 

reatricUoZn^Sgi'; ” bctor *«* t0 «» initial 

II. Principal Characteristics of Synchronous hi. PossimT.m^ _ 


Condensers 

The outstanding advantage of the synchronous con¬ 
denser from an operating point of view, as compared 
with other means of supplying corrective kv-a., is the 
flexibility of its control. Once the machine is con¬ 
nected to the system, the reactive kv-a. it supplies can 
be varied continuously over the entire range from 50 

non L nn tvi awv. n i u •» . 


per cent or more lagging to full leading kv-a., by simple thTuseof I* *7®" maximum freedom for 

adjuatment of its field current. The actatmen T™ ,? Val “: ^'opments and for the play 


- . —oo—& uy simple 

adjustment of its field current. The adjustment can 
readily be made fully automatic, and so any desired 
condition, such as constancy of voltage or of power fac¬ 
tor at a given point on the system, can be maintained. 2 
, ® eqse of adjustment also enables machines of very 


III. Possibilities of Standardization 
of Condenser Design 

Ideal conditions for standardization, combined with 
progress, exist when specifications are so drawn as to 
impose the least possible number of fixed requirements, 
and when contracts are awarded on the basis of the best 
peitormance on the non-fixed requirements. In this 
way, each manufacturer is given maximum freedom for 


large size to he put on or taken oFthe ^toidthout Ze T T® ° f ^ Synchl ' onous condensers much 
appreciable disturbance. Thus, the economic JL. f PP ™ ach th, V. deal conditi °n than most 
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appreciable disturbance. Thus, the economic advan¬ 
tages of large sizes can be fully realized with syn¬ 
chronous condensers. ■ 

-Also, from the manufacturer’s viewpoint, the syn¬ 
chronous condenser has an outstanding advantage over 
other rotating machines due to the fact that it neither 
drives nor is driven by any other apparatus. This 
permits a s ingle, most economical, speed to be used for 

tady, N.’Y Engi “ eering Dept - G6neral Electric Co., Sohenec- 

p 163^°°^ rU ^' ,rPr ' noip l es of Elec trio Power Transmission,” 

n Fr ^ 6nled al the Pacific Coast Convention of the A. I. E E 
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of his initiative. When more requirements than those 
a so utely necessary are laid down, all manufacturers 
are torced to do some things in the same way, with 
consequent inconvenience and increased developmental 
costs for some of them. Synchronous condensers much 

TYlnm vs-i,I-.--__ i it , • - 


„ M LUiimuiuu UicUl IIIOSL 

other types of rotating machines, and yet it seems that 
further progress in this direction can be made. 

Aside from the restrictions imposed by the system 
frequency and by the method of rating employed, there 
aie our variables that the purchaser may specify in 
describing a synchronous condenser. These are: 

1. Leading kv-a. capacity, or rating, 

2. Number of poles, or speed. 

3. Voltage, 

4. Ratio of lagging to leading kv-a. capacity. 

The first of these is the fundamental variable that 
determines the size of the machine, so that the only 
possibility of standardization here is in the limitation 
of the number of ratings called for. Present practise 
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in this respect is quite satisfactory, as the list of usual 
ratings given in the first column of Table I has incre¬ 
ments of at least 20 per cent, and intermediate ratings 
are seldom called for. 

It is not desirable for the purchaser to specify the 
speed, as this limits the manufacturer’s possibilities, and 
usually handicaps one more than another. The natural 
desire to improve his designs, and the economic urge of 
competition will cause each manufacturer to select the 
most economical speed for each machine, and the ulti¬ 
mate user has, therefore, nothing to gain by insisting 
on any particular value for it. As high-speed machines 
are lighter a,nd more efficient than low-speed machines 
up to the points at which mechanical stresses and wind¬ 
age losses become limiting, it follows that synchronous 
condensers are normally built for high speeds. At the 
present time the speeds listed in Table I are customary, 
but the ratings at which the speed is changed vary 
slightly among different manufacturers. Usually, ma¬ 
chines are guaranteed for 25 per cent overspeed. 

Sometimes condensers are placed in substations in 
residential districts where quiet, operation is essential, 
and this has been thought to require machines of lower 
than standard speeds. However, it is possible to so 
enclose a high-speed condenser as to make it satis¬ 
factorily quiet at less cost, and with better performance 
than can be obtained by using a speed below standard. 

For large sizes, it is often economical to use a com¬ 
pletely closed system of ventilation with water coolers, 
as described in Section VIII. If this is not desired, it is 
still possible to reduce the noise to a very small amount 
by using a standard enclosed machine with the addition 
of an air discharge chimmey on top. Felt-covered' 
baffles can be so placed in this chimmey as to practically 
eliminate the high pitched part of the noise without 
impeding the air flow to an important extepf. 

The voltage situation is not so simple as that of the 
speed, as there are so many different system voltages 
employed. However, the recent conferences on the 
subject, at New York and Niagara Falls, (culminating 
in the new N. E. L. A. table of preferred standard volt¬ 
ages), give promise of some improvement. Also, as 
synchronous condensers are frequently provided with 
their own transformers or are fed from special tertiary 
transformer windings, it is often possible to choose the 
voltage that gives the most economical design. If the 
condenser voltage is too high, excessive insulation costs 
and extra losses due to the large slots required will 
.result; while if it is too low, excessive costs for the high 
current-carrying capacity and extra losses due to eddy 
currents in the massive conductors will arise. Hence, 
there is a most economical voltage for every rating, 
values of which are indicated in the third column of 
Table!. 

The remaining variable is the ratio of lagging to 
leading kv-a. capacity. When a condenser is to be 
used solely for power-factor correction, to compensate 
for the lagging kv-a. of an industrial load, the lagging 


kv-a. capacity is of no direct interest, and so, in these 
cases, it is rightly left for the manufacturer to settle. 
As a value of the l’atio not far from 0.5 gives the most 
economical design for leading power-factor operation, 
this is the value characteristic of most standard con¬ 
densers. However, when condensers are to be used for 
voltage regulation, a considerable lagging kv-a. capac¬ 
ity is useful to hold the voltage down at light loads, 
and so, purchasers frequently specify a value of unity 
for this ratio. This imposes a considerable handicap 
on the designer and requires a special machine so that 
it is desirable to find some other way to obtain,the 
desired results. It is worth while to study this question " 

TABLE I •> 

MOST ECONOMICAL SPEEDS AND VOLTAGES OP LARGE 

_ SYNCHRONOUS CONDENSERS 

_Kv-a, rating GO cycle, r. p. m. Voltage 

®°° . 1-200 2,400/4,150 “ 

. ™ 1 " 200 2,400/4,150 

1,000 1,200 2,400/4,150 

i’® 00 l ’ 2ao 2,400/4,150 

q'° 00 000 , 2,400/4,160 

3,000 900 2 >400/4,1 £>0 

4 ,00 ° 900 2,400/4,160 

6,000 900 0,000 or 11,500 

7,600 900 6,000 or 11,500 


900 

720 or 000 
720 

GO O or 720 
000 
000 


0,900 or 11,500 
11,600 or 18,800 
11,500 or 13,800 

11,500 or 13,800 

13,800 

13,800 


at some length; so the effects on design of varying this 
lag/lead ratio will first be described, and then methods 
of securing the desired operating results with normal 
condensers will be considered, 

IV. Lagging Kv-a, Capacity Secured by Changes 
in Condenser Design 

The line current of a synchronous condenser is always 
equal to the difference between the voltage induced by 
its field and the impressed voltage divided by its syn¬ 
chronous reactance and corrected for saturation. 
Over-excitation of the field produces a leading current, 
and under-excitation produces a lagging current. The 
maximum possible lagging current occurs with zero 
field current, and is therefore equal to the line voltage 
divided by the synchronous reactance. Wh% stable 
operation with a small reversed field excitation is 
possible, the trouble of providing for this reversal and 
the attendant increased likelihood of the condenser’s 
falling out of synchronism make it inadvisable. For 
our purposes, therefore, the ratio of maximum lagging 
to normal leading kv-a. capacity of a synchronous con¬ 
denser may be taken equal to the reciprocal of the per 
cent synchronous reactance, or .to: 
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100 

Per cent maximum lagging kv-a. = - 100 Y„ (1) 

■A a 

As lagging kv-a. are supplied when the field is under¬ 
excited, under this condition the saturation of the 
magnetic circuit is slight and may be neglected. On the 
other hand, the leading kv-a. are supplied when the field 
is over-excited, a condition in which saturation of the 
magnetic circuit is pronounced. 

If the ratio of the actual field excitation to the no- 



08 1.2 1.6 2.0 
V.'URGING/LEADING kv-a. 

Piq. 1—Relative Leading and Lagging Kv-a. Capacities 
op a 7500-Kv-a., 900-Rev. Per Min. Synchronous Con¬ 
denser with Varying Air-Gap Lengths 

iPad air-gap excitation is represented by F, the per cent 
leading kv-a. is determined by the equation: 

Per cent leading kv-a. < 100 (F-1)7, ' (2) 

Without saturation, the inequality sign becomes an 
equality sign, so that (2) reduces to (1), if F is made 
equal to zero. Adding (I) and (2), the sum of the lead¬ 
ing and lagging kv-a. is found to be, 

Per cent (leading + lagging kv-a.) < 100 F Y a 
rated field current 

(3) 


- 100 


S. C. field current 


Equation (3) indicates that the sum of the leading 
and lagging. kv-a. capacities of a given machine is 
nearly independent of the no-load excitation. At full 
leading kv-a., (2) becomes equal .to unity, so that the 
relation between F and Y. is found to be, 

No-load, air- gap field current 1 7, 


Full-load field current 


F 


1 + Y s 


(4) 


g Equations (1), (2), and (3) are plotted in Fig. 1 as 
^notions of Y a , The dotted curves show the ideal 
conditions in the absence of saturation, while the solid 
curves show the actual conditions for a particular 
7500-kv-a., 900-rev. per. min. condenser with different 
lengths of air-gap but with constant field excitation. 


The figure clearly indicates the sacrifice in leading kv-a. 
capacity necessary to secure greater lagging kv-a. If 
instead of merely varying the air-gap, keeping the same 
stator, the entire design is changed to always keep the 
current carrying capacity of the stator winding just 
adequate for the maximum lcv-a., slightly greater out¬ 
put can be obtained. For example, at a 100 per cent 
ratio of lagging to leading kv-a., a complete redesign will 
enable 83 per cent of normal leading kv-a. to be ob¬ 
tained as compared with only 75 per cent when the air- 
gap alone is changed. The more extensive changes, 
however, make the machine more special and require 
additional developmental charges, so that they are not 
always of economic advantage. 

These results may be summarized by the statement 
that a synchronous condenser of a given size and cost 
may be designed to give any one of the four following 
combinations of leading and lagging kv-a. capacities: 

Standard.100% leading, 60% lagging 

Semi-standard. 90% leading, 66% lagging 

Semi-standard. 75% leading, 75% lagging 

Special..... . 83% leading, 83% lagging 

The increase in air-gap length required to give greater 
lagging kv-a. capacity increases, the excitation loss 
under leading kv-a. operation, so that the efficiency of a 
condenser is thereby lowered. On the other hand, if 
the air-gap is made so small that the lagging kv-a. 
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Fra. 2 —Relative Full-Load Losses op a 7500-Kv-a. ; 900- 
Rev. Per Min. Synchronous Condenser with Varying 
Air-Gap Lengths 

capacity is reduced below about 0.4 of the loading capac- 
ityr the tooth frequency iron losses are increased so 
much that the efficiency is again lowered. Thus, as 
shown by the curves of Fig. 2, the least losses for leading 
kv-a. operation with a given size of machine are secured 
when the ratio of lagging to leading capacity is not 

far from 0.6. * 

• 

We, therefore, conclude that it is desirable to keep 
the value of Y a between 0.5 and 0.6 for a standard line 
of synchronous condensers. Wide departures from 
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this range increase both costs and losses and so cannot 
be considered standard, and keeping closely to it will 
greatly facilitate standardization and, will tend to 
further reduce costs and improve performance. 

V. Other Methods op Securing Lagging Kv-a. 
Capacity 

There are four principal methods of securing lagging 
kv-a. capacity without departing from normal con¬ 
denser designs: 

1. By reconnection of the condenser windings, 

2. By raising the condenser yoltage by means of 
transformer taps, 

3. By use of reactors, and 

4. By reduction of the system voltage. 

The simplest general method of reconnection is to 
divide each phase in halves and connect unlike halves 
in series for lagging power-factor operation. On three 
phase, this is equivalent to'increasing the voltage in 
the ratio of 2/ V 3, and so it raises the lagging capacity 
to 4/3 of its normal value. However, unless rather 
complicated internal connections are made, the scheme 



o 

0 20 40 60 80 100 120 140” 

PER CENT OF RATED VOLTAGE 

Eia. 3 —Relative Characteristics op a 7500-Kv-a„ 900- 
Rev. Per Min. Synchronous Condenser in . Variable 
Voltage Operation 

considerably increases the short-circuit core losses. 4 In 
special cases, it is possible to change the number of 
circuits, and it is always possible to bring out taps 
from the winding in such a way that some of the arma¬ 
ture coils can be cut out, with similar effects. These 
schemes, however, all involve rather expensive switch¬ 
ing arrangements and they are not conveniently adapt¬ 
able to automatic operation; also, they all result in 
increased losses per kv-a. so from this viewpoint they 
are not attractive. Some of the methods are desira¬ 
ble for use in special cases, such as when a single 
machine is to be operated at different times on circuits 

4. Reference No. 6 and Q. Graham, M. M. F. Wave of Poly¬ 
phase Windings, Journal A, I. E. E., February 1927, p. 1,18. 


of different frequencies, but they cannot be recom¬ 
mended for standard practise. At best, it is not practi¬ 
cable to double the lagging kv-a. capacity of a condenser 
by such means, so that they cannot completely solve 
the problem. . 

The recent developments in tap changing trans¬ 
formers 6 at first sight give promise of a solution by 
enabling the voltage to be varied at will over a wide 
range, without opening the circuit. However, on 
closer scrutiny, this possibility, too, isseen tobechimeri¬ 
cal. In the first place, the tap changing apparatus is 
quite expensive, and the cost of the condenser is con¬ 
siderably increased by the necessity for insulating it 4 
for the highest voltage used. These extra costs alone 
are about the same as the extra cost of making the 
original condenser good for full-lagging capacity, and, 
in the second place, the losses in lagging power-factor 
operation are considerably increased by this arrange¬ 
ment as compared with the latter scheme. 

In Fig. 3 there are shown curves of leading and 
lagging kv-a. capacity and per cent losses as functions 
of the impressed voltage, for the same 7500-kv-a., 900- 
rev. per min,, 11,000-volt condenser used in the previous 
figures. A voltage of about 130 per cent is required to 
give 90 per cent of raked kv-a. in lagging operation, at 
which point the losses are 2.2 per 'cent as compared 
with only 1.6 per cent for the oversized condenser built 
with a large enough air-gap to give the same lagging 
capacity (Fig- 2 at Y s = 1.56). The curves show that 
no appreciable increase in leading kv-a. capacity can be 
secured by reducing the voltage, so that there is no 
incidental gain from this source to offset the disadvan¬ 
tages in lagging operation. We conclude, therefore, 
that the voltage regulation scheme is not of value for our 
purpose. 

There remains the scheme of supplementing the de¬ 
ficient lagging kv-a. capacity of the standard syn¬ 
chronous condenser by the addition of parallbl- 
connected reactors. As high-voltage air core reactors 
can now be built at costs per kv-a. which are about 
half those of synchronous condensers and with total 
losses of only about 1 per cent, this idea looks promising. 
The obvious objection to it is that it requires additional 
apparatus with suitable control and extra floor space. 
Furthermore, unless the reactors are to be thrown on 
the line all in one unit, expensive sectionalizing switches 
are required. Thus, the complete equipment is more 
expensive than a single oversized condenser designed 
for full lagging capacity. 

In the long run, however, the capital cost of there- 
actor seheme may prove to be the lower, for lagging 
kv-a. are principally required when a system is lightly 
loaded, in order to keep down the no-load voltage. 
Over a period of time, as the system load increases, the | 
times of light load become shorter, and the minimum 1 

5. , A. Palme, Application and Design of Load Ralio-Contrpl 
Equipment, presented at the Regional Meeting of District NoV 
of the A. I. E. ih, Pittsfield, Mass., May 25-28,1927. 
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load becomes greater, so that less lagging kv-a. are 
required, and the demand comes to be for leading kv-a. 
capacity to hold the voltage up during overloads. 
Hence in some cases, it should be economical to install 
reactors alone when a transmission line is first built, 
later to add standard condensers, and finally to take the 
reactors away altogether for use at some other place, 
or for sale. 

From the point of view of power losses, too, the 
reactor scheme; may be attractive. Fig. 4 shows the 
total losses in per cent of kv-a. output for the combina¬ 
tion. of the standard 7500-kv-a:. condenser used in the 
previous figures with sufficient air-core reactors to give 
a total of 100 per cent lagging capacity; together with a 
similaV curve for a larger condenser built with a suf¬ 
ficient air-gap to give it 7500 kv-a. capacity on both 
leading and lagging operation. 

All these methods of securing extra lagging capacity 
involve extra cost and losses, so that it is desirable to 
avoid the difficulties by merely reducing the system 
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^ IQ ' ^ Relative Power Losses in Lagging Kv-a. 
Generation 
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voltage. This reduces the leading kv-a. supplied by the 
transmission me capacity, and increases the lagging 
* M,Ji 11,6 ° f^ e .^ ne reac tance, thus greatly decreasing 

the lagging requirements. The voltage reduction may 

tem P° rari Iy during a time of light load. In 

■ i-' \ a system design that gives permanently large 
lagging kv-a. requirements is not the most economical. 

VI. Methods qe Starting Synchronous 
Condensers 

■ ' denLrV^fti lard praetise to P ro vide’synchronous con- 

! feTa^dings and to start them 
transferor !5f traasformer ta P or from an auto- 
able to antnm method startingisreadily adapt- 

quired C osN lo 0f3eratl0n ' and the equipment re- 
q sts less t] >an a starting motor with its control 



and the necessary synchronizing apparatus. Unless a 
source of low voltage for the starting motor is already 
available, an extra transformer must be provided for it, 
and in this case the cost is very much greater; also, 
automatic operation with a starting motor is more 
difficult. The only apparent advantage of a starting 
motor is the possibility of securing a lower reactive com¬ 
ponent of the initial starting current by its means. 

As the starting kv-a. required by a standard con¬ 
denser is only about 30 per cent of normal, and this can 
be reduced to about 20 per cent by adding oil pressures 
starting equipment, it does not seem that the use of a 
starting motor is ever necessary on this account. How¬ 
ever, in rare cases it may be desirable occasionally to 
use a condenser for line charging or for testing a trans¬ 
mission line, and a starting motor will then be necessary, 

If a condenser is to be operated on unbalanced voltages 
or under other conditions-where a very low-resistance 
ainortisseur winding is needed, the condenser’s starting 
characteristics will be poor and a starting motor will 
be desirable. 

In order to keep down the induced field voltage, it is 
customary to short circuit the field through a resistor 
during the starting period. The condenser will then 
come up to full speed on the tap voltage, and field is 
applied before it is thrown over to full voltage. When 
the change to full voltage is made, the field current being 
cept constant, the kv-a. drawn from the line will change 
suddenly by an amount depending on the value of field 
current used. Let T represent the ratio of tap to line 
voltage, Y„ th.e ratio of lagging to leading kv-a. capacity, 
and E the ratio of the field current during synchronizing 
to the no-load field current. Then the leading kv-a., 
drawn from the line on the tap, are represented by; 
T(E-T ) 

and the leading kv-a. on full voltage are: 

(E-l)Y a 

For minimum shock to the system, these two must be 
equal, whence we find the best value of field current to 
use on synchronizing is: 

E “ T + X (5) 

which gives leading kv-a. equal to T Y a . 

As a standard condenser usually has a no-load field 
current equal to about one-third of its full-load field 
current, and as the tap voltage used for starting is 
usualiy not over 30 per cent, equation (5) shows that the 
best vaiue of field current for synchronizing is a little 
less than 40 per cent of its rated value. 

P + f Ct t ! se , it is , c °nvenient for the operator to deter- 
ine the best value of field current by taking two V 
curves op the condenser, one at full voltage and one on 

? ng tap ’ readm g the current input on the line 
side of the compensator.. Then, as indicated in Fig. 5 it 

ZTf 6 matte !’: i t0 l prolong the leadin S branches of the 
two F curves until they intersect, and this will give the 
desired field current. The magnetizing kv -a bf the 3 
compensator are usually large enough to make the de- ■ 
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termination by readings on the low side of the com¬ 
pensator considerably in error, as indicated by the 
dotted line in Fig. 5. 

VII. Stability op Synchronous Condensers 

There are two aspects of the stability question as it 
relates to synchronous condensers, the first dealing 
with the stabilizing effect of a condenser on the system 
voltage, and the second dealing with the ability of the 
condenser to stay in synchronism during system dis¬ 
turbances. These will be considered in turn. 

A dead system load, made up of lamps, resistors, 
reactors and so forth, is characterized by a constant 
ratio between its voltage and current. If the voltage 
rises or falls, the current does likewise in an equal 
ratio, without change of power factor. A live load, 
made up of synchronous and induction motors, is 
characterized by a constant kilowatt demand, indepen¬ 
dent of voltage, so that in this case the power com¬ 
ponent of current rises if the voltage falls, and vice 
versa. With a dead load, therefore, a fall in voltage 
results in a decrease in line drop, while with a live load 
a fall in voltage gives an increased line drop. The 
former is always a stable, and the latter may be an 
unstable condition. 

For good system stability, it is necessary to counter- 



Fig. 5 —VoltaqkT.Cui!vks or a 7500-Kv-a. Synchronous 
Condenser 

Showing method of determining boat field current for synchronizing 


act the effects of a live load by adding equipment that 
will give a rapid decrease in the line drop whenever the 
voltage falls, A static condenser is of no use for ihis 
purpose, as the current falls with the voltage, and thus 
the voltage rise it produces falls also, increasing the 
instability. An induction voltage regulator can be 
used, but its effect is secured by the action of its control 
mechanism, and so is not immediate. On the other 
hand, a synchronous condenser fulfill* the desired con¬ 
ditions, as it gives an increased leading current when the 
voltage falls, and vice versa. The action in this case 
is immediate, as the field excitation is always equal to 


the sum of the values required to produce the voltage 
and the armature current, and any decrease in one 
results in an equivalent increase in the other. This 
property of the synchronous condenser is of the greatest 
importance in problems of system stability. 

A standard synchronous condenser with about 50 
per cent lagging kv-a. capacity has a pull-out torque 
of about 175 per cent of its rated kv-a,, with full excita¬ 
tion. At no-load, the pull-out torque is reduced to 
about 75 per cent, and even with zers field current, ~ 
corresponding to full lagging kv-a., it still has a pull-out 
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Fig. 6—Power Losses of Synchronous Condensers 
Corresponding to usual manufactures guarantees 


torque of about 20 per cent of its rating. A condenser 
designed for 100 per cent lagging capacity has corre¬ 
sponding pull-out torque values of about 225, 125, and 
30 per cent. A standard condenser of 5000 kv-a., or 
above, also has a value of R 2 equal to: 

2 

W R 2 - (6 to 8) (kv-a.) ( — — ) lb. ft. squared 
v rev. per mm .' 

( 6 ) 

The familiar equation for the torque required to 
produce angular acceleration in a rotating mass can 
now be applied to determine what rate of change of 
frequency can occur without the condenser falling out 
of synchronism. This equation is: 


WRl 
(I 


dw 

—— = torque, 
d t 


( 7 ) 


where the moment of inertia in pound-feet-seconds 
squared is: - . 


EJL = ( —L ) (kv-a.) ( -- ) - 

(j \32.2/ \ rev. per min. ) 


approximately, (8) 

the angular acceleration in radians per sec. squared is: 
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and the torque in foot-pounds is: 

Torque = (0.2 to 1.75) 

• rev. per min. 


( 10 ) 


Substituting these expressions in (7), we find the 
■allowable rate of change of frequency for a standard 
condenser to be: 


df 

fdt 


— 0.06 for zero field excitation 

= 0.23 for no-load excitation 
= 0.55 for full-load excitation 


( 11 ) 

This means that the frequency could be changed 55 
per cent per sec. without causing a standard condenser 
• .operating at rated field excitation to fall out of step, 
provided the voltages at its terminals were held absolutely 
constant and balanced. In practise, a system distur¬ 
bance usually both lowers and unbalances the voltage, 
so the actually allowable rate of frequency change is 
much'less. 

The torque developed varies as the square of the 
voltage with no field excitation (full lagging operation), 
and just a little faster than the first power of the 
voltage at normal excitation (full leading operation). 
If one line terminal is opened, the condenser operates 
single-phase, and has a pull-out torque about 70 per 
cent of its value at the same voltage three-phase. If, 
however, the voltage between two terminals falls very 
...far, corresponding to a short circuit between lines, the 
short-circuited phase acts as a generator feeding power 
to the fault, and the pull-out torque is reduced still more. 
Also, the existence of reactance in the lines and trans¬ 
formers may greatly reduce the pull-out torque. 
On the whole, therefore, taking into account these 
factors and remembering that the maximum torque of 
a synchronous machine is not fully available, due to the 
hunting that always occurs on disturbances, it is prob- 
able that not more than 10 per cent of the rate of fre¬ 
quency change given by ( 11 ) is permissible. 

Our conclusion is that a condenser operating at rated 
field # current will stay in step during system distur¬ 
bances if the frequency does not change more rapidly 
P er cent per sec.; and at zero field current it will 
stay in step during frequency, changes up to y 2 per cent 
Per sec. If it falls out of step when the field excitation 
is. very small, the condenser will behave like an induc- 
tion motor and will come right back into step after 
the disturbance is over, while at large excitations, it will 
|pome to rest and must be restarted, hence, the lessened 
Ability of a condenser at reduced excitations is not of 
. ..partieu ar importance. On the basis of these figures, it 
seems that standard condensers have ample synchroniz¬ 
ing power for ordinary applications and that no weight 

^ attached to this factor in writing condenser 
specifications, ' 


VIII. Recent Improvements in Condenser Design 

Designers are always striving to make more efficient, 
cooler, and more reliable machines without increasing 
the cost, and the results of their efforts should at inter¬ 
vals be recorded. There are several recent improve¬ 
ments in condenser design that seem worth presentation 
here. 

The design of amortisseur windings, especially the end 
rings, has always presented a serious problem on large 
high-speed machines, as the support of the projecting 
bars and rings has proved mechanically difficult. 
Furthermore, the presence of a complete end ring has 
been very inconvenient in taking down and reas¬ 
sembling the poles. By simply omitting any end-ring 
connection between poles, the amortisseur winding bars 
can be shortened, and the ring segment placed close to 



Fig. 7—Rotor of 7600-ICv-a., 900-Rev. Per Min. ' 
Synchronous Condenser 
SUowtflg open amoi’tlssour winding and nnnocl (lold colla 

the pole piece punchings. The expansion of the bars due 
to heating during starting is taken care of by leaving a 
small axial clearance between the rings and the pole 
pieces. This gives a very happy solution to the 
problem, as it avoids all mechanical difficulties and 
dangers from overheating of the exposed bars, and 
gieatly facilitates assembly. Most advances in the 
art bring complications in their train, and it is there¬ 
fore extremely pleasant to be able to record one that 
simplifies the design instead. Fig. 7 illustrates this 
construction. 

Another recent improvement in rotor design consists 
of the addition of fins to the ends of the field winding 
also illustrated in Fig. 7. These fins are made by 
simply projecting every second or third turn of the field 
coil during winding. They give an increased area for 
cooling on the ends, where it is most effective, and so 
reduce the field t&mperature. 

In the design of the stator, improvements have taken 
the form of simpler and stronger mechanical construc¬ 
tion by the use of steel plates welded together instead 2 
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of castings, and in improved arrangements for ventila¬ 
tion. Fig. 8 shows a 10-pole, 20,000-kv-a., 720 rev. per 
min., 11,000-volt, synchronous condenser recently built. 

The welded frame is much lighter than an equivalent 
easting, and is more easily modified to meet special 
requirements. 

The number of cubic feet of ventilating air passing 
through an open machine is so great that astonishing 
amounts of dirt can collect on the windings in a short 
time. For every kilowatt of loss, a machine requires 
about 100 cu. ft. of cooling air per min., or, on the basis 
of 8000 hrs. of operation annually, about 50,000,000 
cu. ft. each year. 

The air found in ordinary buildings usually contains 
between 0.02 and 0.2 lb. of dust per 1,000,000 cu. ft., 0 
and we may take 0.03 as representing reasonably good 
conditions. . If 10 per cent of the dust in the ventilating 
air is deposited as it passes through the machine, then 
0.15 lb. are deposited annually for each kilowatt of 
loss. Most large condensers have sufficient cooling 
air to provide for losses equal to 3 per cent of the rating 



Fia. 8—20,000 -Kv-a., 720-Rt;v. Pkb Min., 11,000- Volt 
Synchronous Condknsbh 

Showing stcol pinto framo 

so that this means about 43^ lb. dirt pen 1,000 lcv-a. 
of rating. On a 50,000-kv-a. condenser, this gives a 
total of over 200 lb. of dirt deposited annually. 

The presence of dirt on the windings and in the air 
ducts increases, of course, both the temperature rise and 
the fire risk, so that the use of a closed system of venti¬ 
lation prevents deterioration of the insulation and 
provides valuable insurance. These advantages suffi¬ 
ciently explain why the 50,000-kv-a. condensers re¬ 
cently built have been provided with closed system 
ventilation and water coolers. There is no doubt that 
an increasing percentage of large machines will be built 
in this way in the future. 

Last, but not least, steady reductions in the losses 
of synchronous condensers have been going on. In 
Fig. 6, the usually guaranteed losses of standard con¬ 
densers of voltages and speeds as given in Table I are 
shown in comparison with those existing four years ago. 
Of course, considerable variations from the durve values 
occur due to the special conditions in each case; never- 

6. Margaret Ingols, “How Dusty is Air,” Jl Am. Soc. of 
Healing and Ventilating Engineers, Vol. 31, Aug., 1925, pp. 416- 
418. 


theless, the curve can be relied upon for preliminary 
calculations of the cost of condenser losses in projected 
installations. 

IX. Asynchronous Condensers 

. Asynchronous condensers, made by exciting a slip¬ 
ring induction machine from a direct-connected, a-c,- 
exciter, are sometimes used abroad. They have the 
advantages of affording a large lagging lcv-a. capacity, 
and of remaining in step through severe system dis¬ 
turbances. They require a distributed rotor winding, 
however, which results in a large extra cost and much 
lower efficiency. With the short time settings of pro¬ 
tective relays generally used in this country, the 
extra stability is of no importance, and so their dis¬ 
advantages mentioned far outweigh their advantages. 

Finally the important advantage of synchronous 
condensers in stabilizing the voltage, discussed in 
section VII, is lost with the simplest form of asynchro¬ 
nous condenser, which has its a-c. exciter fed from a 
transformer connected to the_main lines. For, in such 
a machine, the exciting current decreases proportionally 
to the line voltage, and so the leading current decreases 
also, making the apparatus equivalent to a static 
condenser only. This defect can be overcome by pro¬ 
viding an auxiliary motor-driven synchronous generator 
to feed the exciter, at some extra expense, when the 
machine becomes equivalent to an unsaturated syn¬ 
chronous condenser. 

X. Conclusions 

From this discussion, several fairly definite conclu¬ 
sions can be drawn. These may be listed as follows: 

1. The most economical speeds and voltages for 
synchronous condensers are approximately those listed 
in Table I. If quiet operation is important, it should be 
secured by enclosing features rather than by resorting 
to lower speeds. 

2. Standard synchronous condensers have ratios of 
lagging to leading kv-a. capacity of approximately 0.5. 
To require a ratio of unity means an increase in size of 
about 25 per cent above standard, together with a slight 
sacrifice in efficiency. 

3. To obtain greater lagging kv-a. capacity, recon¬ 
nection or variable voltage operation of synchronous 
condensei's is not generally desirable, but may be justi¬ 
fied in special cases. 

4. The use of reactors to supplement the lagging 
kv-a. capacity of standard synchronous condensers 
offers many advantages, and may be generally prefer¬ 
able to the use of special condensers with largfe lagging 
capacities. 

6. The standard method of starting synchronous 
condensers as induction machines on reduced voltage 
is preferable to the use of a starting motor. If espe- 
cially low Starting kv-a. are desired, oil pressure starting | 
equipment should be provided. _ 

6. The least disturbance on synchronizing will take 
. place when the field current at' changeover from the tap 
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to full voltage is made equal to (T -f 1) times the no- 
load field current, or, roughly, 40 per cent of the rated 
field current of a standard condenser. 

7. Present standard condensers have adequate 
synchronizing power, and should stay in step on system 
disturbances in which the frequency does not change 
■faster than 5 per cent per sec. at rated excitation, or one- 
half per cent per sec. at zero excitation. 

8. The use of asynchronous condensers presents no 
important advantages over the usual synchronous 
condensers, and is accompanied by a sacrifice in cost 
and* losses. 

The author wishes to express his appreciation of the 
assistance given him by Messrs. L. W. Riggs and 0. A, 
Gustafson in the preparation of this paper. 
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Annual Report of the Committee on Research 


To the Board oj Directors: 

1. The Training of Research Workers 
There is, perhaps no more important problem at 
this time than that of the training of research workers 
and engineers. The popular appreciation of research 
is increasing. This is good because the chief stimulus 
of research is a certain state of mind akin to, hut more 
than, curiosity and inquisitiveness which without doubt 
can be developed in the proper atmosphere. It was a 
similar state of mind, a dissatisfaction, a desire to go 
where others had not gone and see what others had not 
setn that actuated our pioneer ancestors and resulted in 
America. It would thus seem that the right material 
should be available;hut more than material and popular 
appreciation is required to create the necessary state 
of mind. Are our colleges doing their part? As was 
pointed out in the report of this Committee last year, 
indications are that they are not. As a gage on the 
research in electrical engineering at colleges, Dr. F. E. 
Terman, of Stanford University, has made a statistical 
study of research papers presented by college professors 
and their students. The following is quoted from his 
report which appeared in the April 22, 1927 of Science: 
“The sum mary of this survey shows that the electrical 
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engineering schools of our country produce about one- 
eighth of the electrical and radio research that is re¬ 
ported in the pages of the national engineering societies. 
This represents about eleven articles a year. Of these 
eleven articles coming from the colleges each year, 
appioximately seven come from four universities. 
Theie is a total of several hundred. Apparently not 
over a dozen technical schools are making much effort, 
if any, in the way of research. Over half of the uni¬ 
versity research in electrical engineering is the work of 
eight men. • 

This is the situation, and it now remains to consider 
the consequences of this condition. University re¬ 
search in electrical engineering is primarily significant 
as an indication of the situation which exists today in 
the education of electrical engineers. The laboratories 
0 the big electrical companies make technical progress 
assured even without university research, but the 
country’s supply of technically trained young men can 
come only from the university. ” 

These facts are disconcerting, In correcting this 
condition, it must he kept in mind that true research 
workers are more than mere readers of instruments 
and collectors of data and cannot be turned out 
mechanically. 

It is not a mere matter of money and apparatus: 
atmosphere and inspiration are necessary. These must 
be supplied. There is, perhaps, something still to be 
done by the industry‘in further recognition of the 
research worker fh a monetary way. 

2. Active Research 

„ T £,f ?° m fl tee . serves as the Advisory Committee 
on Electrical Engineering to the National Research 
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Council. At the request of that Council, the Com¬ 
mittee on Research has been instrumental in establish¬ 
ing in the National Research Council, a Committee on 
Electrical Insulation. This has given work of„a definite 
character to the Committee on Research and a small 
group of its members has been active in this connection. 

The Committee on Insulation, largely made up of 
members of the Committee on Research, has already 
made two reports; the second of which is a compre¬ 
hensive review of the literature and present information 
on the subject of dielectric absorption, and has sug¬ 
gested channels for further research in this field. As a 
result, a number of researches are now under way in 
different universities; one of these, in Johns Hopkins 
University, is of special interest on the present occasion,, 
as it is being supported by a generous fund guaranteed 
by Engineering Foundation. 

A third report of this Committee on Dielectric 
Strength of Solid and Liquid Dielectrics is being pre¬ 
sented at this meeting. , 

Research on cable insulation, under the auspices of 
the N. E. L. A., is under way in several colleges. Part 
of this work—Influence of Residual Air and Moisture 
on Impregnated Paper Insulation—has already been 
presented to the Institute by Doctor Whitehead. 

3. Stimulation op Research 
All divisions off electrical engineering offer wide oppor¬ 
tunity for experimental study, development, and 
research. It is the special duty of our Committee to 
encourage and stimulate research, to keep in touch with 
the results accomplished, and to, see to it that the 
members of the Institute and others interested are 
informed. ' 

To do this, the Committee asks its members to report 
on all matters of the following natures that ccyne to their 
attention: *1 

1. New experimental work about to be undertaken. 
Information assists in co-ordination and often proven" s 
duplication. 

2. Important results of completed research. In¬ 
formation is necessary for our annual report. 

3. Suggestions of important problems for research. 
The Committee has frequent opportunities for sug¬ 
gesting promising problems for experimental attack. ' 

4. Any method or occasion which suggests itself for 
obtaining important research papers for the Institute. 

President Chesney has done much to stimulate re¬ 
search in his inspiring talks at our various Sections in the 
United States and Canada. •»While he has pointed out 
clearly the necessity of pure research and adequate 
support of our colleges, he has not let us forget that the 
work cannot go on by research alone. Combined with 
this research spirit of adventure, there must -be the 
spirit of cooperation and willingness of standardization 
at the proper time. Strange as it may seem, research 
and standardization must go together if the maximum 
prosperity is to be attained. It is well, in closing, to 
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place the engineer by quoting from President Chesney’s 
Chicago talk: 

The electrical engineer's hopes and aspirations turn 
him to the future. His spirit is essentially the spirit 
ot progress, and, while he reveres the accomplishments 
of the past in which figures of men were more con- 
spieuous than events, the changing conditions of 
modern day civilization still leave him the embodiment 
of progress. Complacent satisfaction with things as 
they are has ever been foreign to his nature; he is con¬ 
stantly striving for improvement.” 

F. W. Peek, Acting Chairman. 

SYNCHRONOUS MACHINES—III*. 
Torque-Angle Characteristics Under 
Transient Conditions 
By R. E. Doherty and C. A. Nicicle 

Associate, A. I.E. E, Associate, A. I. E. E. 

This is the third part of a series of papers on the sub¬ 
ject of synchronous machines. The first two were 

I. An Extension of Blondel’s Two-Reaction Theory, 

II. Steady State Power-Angle Characteristics. «• 

The. present paper deals with the power-angle, or 

torque-angle, characteristics under transient conditions, 
namely, 

A. Cyclic variation of impressed torque, 

B. Sudden angular displacement, 

C. Synchronizing out of phase. 

It is shown, as in Fig. 6, that although the slope of 
the torque-angle characteristic (which is an important 
factor in the determination of the resonant frequency) 
under the oscillatory condition is greater over a large 
range of values of the average angle S' than under 
steady operation, nevertheless in the range of normal 
operation, i, e,, from 5' = 0 to S' = 25 deg., the two 
slopes, in the case of salient-pole machines, are practi¬ 
cally the same. Hence, it is only in rather rare, special 
cases that a correction in the slope for the oscillatory 
condition is necessary. For such cases, equation 27 
gives the correction. 

Referring to condition B, Fig. 13 shows the steady 
state torque-angle characteristic and also the character¬ 
istics for the condition of sudden angular displacement, 
the latter occurring from various given points on''the 
steady state curve. The slopes indicated by dotted 
line segments in Fig. 6 merely correspond’ to parts of 
the complete characteristics shown in Fig. 13, The- 
latter are calculated from equation 46, 

It is fairly well known that synchronizing out of 
phase gives'Yise to much larger torque than would 
exist at the same angular displacement under steady 
operation. The difference between these two torques 
is shown in Fig. 17 for a steam turbine type generator. 
The steady state torque is calculated from equation 26; 
the transient torque from equation 61 . 

*Synopsis of paper presented al the Winter Convention of the 
A. I. E. E. New York N. Y,, Feb. 7-11, 1027. Complete copies 
Upon request. t ' 
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High-Yoltage Oil Circuit Breakers for 

Transmission Networks 


BY ROY WILKINS 1 

* Member, A. I. E. E. 

T HE standards of the American Institute of Electri¬ 
cal Engineers define an oil circuit breaker as a 
"device (other than a fuse) constructed primarily 
for the interruption, in oil, of a circuit under infrequent 
abnormal conditions." Common usage, however, has 
sanctioned the use of the term "circuit breaker” as 
• applying to a device for the regular and usual inter¬ 
ruption of an energized circuit as distinguished from a 
switch used only for opening circuits which are de¬ 
energized or not carrying load. This paper will con¬ 
sider only high-voltage oil circuit breakers, the term 
“high voltage" being taken as applying to potentials 
of 25,000 volts or above. 

The fundamental puipose of a high-voltage trans¬ 
mission network is to deliver power with a maximum of 
reliability at a minimum expense. 

Thp high-voltage oil circuit breaker is an integral 
part of a transmission network. It is purchased not to 
demonstrate whether or not it will fail under operating 
conditions, but to insure service under both normal and 
abnormal conditions. 

In every paper on transmission line stability 
piesented before the Institute during the last five years, 
the impoi tance of fast and accurate switching has been 
emphasized. The present paper proposes to outline in 
a general way how present day high-voltage oil circuit 
breakers fulfill some of the operating requirements of 
transmission networks. 

It may be said that oil circuit breakers are in use 
today only because no better substitute has been 
developed. In them, the function of the oil is to in¬ 
sulate the contacts one from another and from the tank 
or ground. Mineral oils with a relatively high flash 
point are the only insulating mediums thus far available. 
It must be noted, however, that during the time of 
arcing the oil is a decided detriment to the breaker It 
becomes volatilized and builds up excessive pressures 
m the container, and it becomes ionized and forms a 
conducting path which aids rather than hinders the arc. 

If it were possible to so construct a breaker, it would 
be better to separate the contacts the required distance 

t” then mtroc ^ ce ^e oil at the zero point on the 
voltage wave. This is not a practical possibility and it 

oil t er ift re UeCeSSary t0 have the cont acts immersed in 
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vacuum seems to offer the greatest possibility of an 
ultimate solution to the problem. 2 A one-half inch 
travel of contacts in a high vacuum is equivalent to a 
great many inches of travel under oil, and many possi¬ 
bilities present themselves. The practical application 
of the knowledge is a real problem. An exceptionally 
high vacuum must be continually maintained under 
service conditions, and means must be developed for 
moving the breaker contacts the necessary inch or so 
.within this vacuum before the switch can be made ready 
for general application. Of the other alternatives to oii, 
mostly hydrocarbons, which have been tried, none so 
far has been able to supplant the petroleum derivatives 
except for very special uses and even then only to a 
limited extent. 

From the foregoing it is seen that there is no im¬ 
mediate prospect of using any current interrupting 
device for the control of high-voltage transmission 
networks other than the oil circuit breaker using a 
mineral oil as the insulating medium. It must therefore 
be the foundation upon which to base the immediate 
developments to secure improvements which will 
better fit it for the duties it must perform. That im¬ 
provements are necessary and urgently needed is ob- 
vious to all operating men. 8 

The object of an oil circuit breaker is to interrupt 
current. For the purpose of this discusssion the charac¬ 
teristics of the interruption may be divided into two 
general groups, which may each be further subdivided 
for special consideration as-follows: 

Characteristics influenced by the operation of the 
oil circuit breaker. 

a. Speed of break 

b. Current (to a limited extent) to be 
interrupted. 

Characteristics dependent upon the connected 
circuit. 

a. Power factor, 

b. Recovery voltage, 

c. Phase balancing, 

■ d. Growth and decay of current values, 
e. Resonance. 

tt Ma^ b slit u te 5 (o r onh av Bb e e n p ro p„ S edandtried divkM llfa^udy oHh^anJS tawliT T 
Mthjary.-n, .tore® of success, and of these a high of break is c ontrolled: h h ® speed 

rmm::.-,., ■ ■■■■ - •• V. : Jouiwai,, December, 1020, p. 1203. “ A ' L F " R ' 
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I-a. Speed of break. 

1. Speeding up moving parts by, 

a. Spring retracted contacts, 

b. Accelerating springs, 

c. Quick break contacts, 

d. Explosion chamber contacts. 

2. Multiple breaks. 

The manner in which the speed of break is affected 
by the several methods listed above will be considered 
as exemplified in present day operating practise. 

a. Spring retracted contacts were first used exten¬ 
sively on oil immersed fuses which were in reality oil 
circuit breakers with a fuse as the tripping mechanism. 
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damping agent on the closing stroke and for acceleration 
of the contacts on opening. In certain cases, the con¬ 
tacts themselves serve such a purpose, as for instance in 
the Westinghouse butt contacts, wliich are spring- 
supported or the condit contacts which are of laminated 
leaf copper type. The effect of these contacts can 
be seen clearly in the accelerated travel of the moving 
member, which slows down again after the contacts 
part. See Fig. 6. 

There are two major objections to the accelerating 
springs in general use. First, their effect is minor so 
far as a reasonable amount of speed in concerned, the 
maximum recorded being about one-half ft. per sec. 
(15.2 cm. per sec.);and second, they absorb energy at a 
time on the closing stroke when it cannot well be spared 
from most types of closing mechanisms. If greatly 
strengthened, they give rise to uncertain closing and hair 
trigger adjustments, already too much condemned by, 
operating engineers to require further discussion. 
Suffice it to say that present day breakers require 
too many critical adjustments, and development must 
be toward a reduction in their number rather than any 
tendency to make them more critical. 

c. Quick break contacts usually take the form of 
auxiliary contacts and serve two purposes,—first, to 
increase the separation betwen contacts in a given 


They were developed and used in Europe prior to 1904 
and have been thoroughly described in the technical 
journals of the time. 4 Letters patent covering this 
type of apparatus were granted in the Unitpd States in 
1905. 5 This type of equipment is doubly interesting 
at the present time because the surviving examples 
represent at the same time the highest contact speed and 
the smallest physical dimensions of commercial current 
interrupting devices for use on high-voltage circuits. 
The speed of break attained in a lH-ampere, oil filled 
spring retracted fuse with 7-lb. (3.17 kg.) pull is ap¬ 
proximately 40 ft. per sec. (13.1 m. per see.). An 
example of its performance with 1600 ohms resistance 
in. series is given in Fig. 1 and with 300 ohms series 
resistance in Fig. 2. Both tests were made intheshort- 
circuited phase to ground connection of a grounded Y 

?! iAccelerating springs are used at present on most 
of the high-voltage oil circuit breakers. They may be 
compression or tension springs.or both, and in some . 
cases both types may be found in the same breaker. 
Such springs are for the most-part extended or com¬ 
pressed, (depending upon the type), bythe final action of 
the closing mechanism of the breaker and serve both as a 

4. Eleklrotcch. Zcilsch., Juno 9, 1904, F. Collischonn. 

5. Patent No. 781,347 to Christian Kramer, Jan. 31, 1905. 
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Fia, 3 —Calibration of Position Indicator— 110-K\\, 400- v| 

Ampere Oie Circuit Breaker * ■ *! 

a 

Vaca—Dixon Substation*—June 20, 192-6 * S' 

time, i.e., to reduce the time of arcing, and second* id! 

to preserve the main contact surface by breaking the 
arc on replaceable auxiliary contacts. » •. • i fojM 

From an operating standpoint the time and energy ?;(' .<■ 
required to operate the quick breaks is an advantage 
to the oil circuit breaker, gained at the expense of 5 the|;||j||jJ^M 
system on which it operates. This comes about' 
reason of the fact that all varieties of quick 
contacts now available delay the opening time-untikl||i|^|||ii^|J 
contacts have traveled a’ sufficient distance to 
quick break into action. Figs.- 3 



















WILKINS AND CRELLIN: HIGH-VOLTAGE OIL CIRCUIT BREAKERS Journal A. I. E. IS. 


time curve of a Pacific Electric Manufacturing Com¬ 
pany, 110-kv., 400-ampere, six-break, oil circuit breaker 
with contacts arranged as shown in Fig. 5. In this 
case, the main contacts part after 3 or 4 in. (7.5 or 10 
cm.) of travel from the closed position, whereas the 
arcing contacts do not part until 8 or 10 in., (20 or 
25 cm,) of travel has been obtained. This requires 
0.076 sec. or more than 4 cycles on a 60-cycle system. 


through the use of the explosion chamber type of con¬ 
tacts. These are a development of the original Type H 


Tripping! Relay Energized 
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Fio. 4 Interruption of Pit Line Charging Current with 
110-Kv., 400-Ampere Oil Cirouit Breaker 

Vaca—Dteon Substation—July 12, 1926 

Fig. 6 shows thespeed-timecurvefora Westinghouse 
1 1™ , ' 187_kv - oiI cireuit breaker of the type used on 
a 220-kv. grounded Y system in which the quick break 
contacts have the form shown in Fig. 7. With this 
breaker, the main contacts part about lj/> in., (4 cm.) 
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Fig. 6—Position Indicator Calibration 

, ^osfclngliouse typo G-2, oil circuit breaker, with rotating rolcaso arcing 
tips, at Vaca—Dixon Substation—Juno 20, 1020 
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the^United' StaL*! ^^r ' a ^ Company in (1.8 m. per see.) while in the ext 

the A E G in Pii, 311 1 S fn^ l !a ^ e ^ com P ar| i es > notably the contact speeds were between 
chamber ™m!T' * princi P le of the explosion (2 and 2.3 m. per sec.). The con 
known to reauirp n n us ia ^ d in S and is too well at the Alabama Power Company 
In this tvne of m-if GX f !f C et descr iption here. chamber breakers were between 4 

Wrirti tfttl C ^ tect the s P. eed °f ^eak is obtained and 2.16 m. per sec.). This type 

actina on the 8 pressai " e m the contact chamber increased contact speed at the expi 
acting on the rod as a piston. The gas pressure is circuit breaker. 
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(1.8 m. per sec,) while in the extensive Canton tests® 
the contact speeds were between 6 and 7 ft. per sec. 
(2 and 2.3 m. per sec.). The contact speeds attained 
at the Alabama Power Company tests 7 on explosion 
chamber breakers were between 4.75 and 6.6 ft. (1.56 
and 2.16 m. per sec.). This type of breaker obtains 
increased contact speed at the expense of the oil in the 
circuit breaker. 

The breakers thus far considered have all been of the 
two-break type, and the total length of 2rc in all makes 
is approximately the same. The contact speeds are 
also of the same order and range from 3.5 ft. (1.15m.) 
per see. to somewhat less than 7 ft. (2.3 m.) per sec. 
In order to better appreciate what these speeds Repre¬ 
sent, it may be well to convert them to mi. per hr,, 
a term universally familiar to all. Thus we see that 
3.5 ft. (1.15 in.) per sec. is only 2.4 mi. (3.86 km.) per 
hr., 5 ft. (1.64 m.) per sec, is 3.41 mi. (5.5 km.) per hr., 
and 10 ft. (3.28 m.) per sec., 6.82 mi. (11 km.) per hr. 
which is only slightly above the speed of a brisk walk; 
Present day high-speed d-c. circuit breakers have a 
speed of approximately 200 ft. (65.6 m.) per sec. 

Speed of contact travel is the only feature of the . 
breaker which may he varied to reduce the time of 
arcing, and when it is considered that it is at present 
usual to ask for interrupting capacities of a million lcv-a. 
or more, it would seem logical to greatly increase the 


j—:-- . l' *S£r* 

Eia. 8 —Typical Outline op Single-Pole Element Oil 
Ciucuit Breaker, 110,000 Volts and Above 

generated by the arc acting on the oil within the ex¬ 
plosion chamber and depends upon the clearance be¬ 
tween the contact rod and the explosion pot entrance 
bushing and the amount of oil volatilized. The amount 
of oil volatilized depends upon the current in the arc 
and the time of arcing. This means that high currents 
will cause increased contact speed over lower currents. 

Pig. 9 shows the speed—time curve of a General 
Electric F H K 0-36-33C, 115-kv., oil circuit breaker at 
no-load, and Fig, 10 shows the speed—time curves for 
the same breaker when interrupting 300 amperes of 
line- charging current. In this type of contact the 
clearances are determined by the maximum amount of 
current to be interrupted and the maximum speed the 
contact member is permitted to attain. In the example 
given above, - the maximum speed was 5.5 ft, per sec. 
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Fig. 9— Calibration op Position Indicator—]. 15-Kv., 400- 
Ammjrb Oil Circuit Breaker 
Vacii-Dixcm Substation—-July jo, 102 fl 

speed of contact travel. The effect of increased con-" 
tact speed will be discussed later. 

Under the heading I-a, Speed of break, thBre still 

Sint? 6 r nSl i erati ° n ° f tHe SeCOnd Subdivision, 

, ^ ple bleaks. By common usage the term multiple 
break has been considered to apply to circuit breakers 
employing more than two simultaneous breaks in series 
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|Sio interrupt the circuit. American manufacturers of and the very existence of the network depends upon the 
his type of breaker are the Condit Electric Manu- quickness and accuracy of the swSg 
factoring Company (Brown Boveri type) the Kelman Relays have been developed and applied to line D ro- 

mZhZ M d ^ anufactu ™ g Company and the Pacific teetion to such an extent that it is now practicable to 
Electnc Manufacturing Company. The Brown Boveri relay a line so that troubles causing a flashover can be 
switch tested at Canton 8 was an imported breaker, but cleared before material damage is done to the line 
lcal ™ thth ^ insulators or conductor more than 90 per cent of the 
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o wi h ten bieaks in series per pole. It had a their contacts selectively on grounds on one of a nair of 
contact speed«of from 1.7 to 2.2 ft. (0.56 to 0.72 m.) per parallel lines in a definite El ection on bott ends o 

S m) a C ° n tiaVd ° f ahttl6leSS than ° ne foot ’ that 3ine in considerably less time than is required foi> 
* m, 'V, ™ ,, , , , any available high-voltage oil circuit breaker to m-urn 

.The Pacific Electric breaker has six breaks in series its contacts after the trip coil has been energized 1 

ZX %> CO T S r0t f ting t0 make a horizontal It will be shown latei tLt th tone requi ed to ooen 
with a *1- Charac ? ristics of this breaker the contacts of a present day high-voltage oil circuTt 

Pic d Tl K 0peiatlng mechanism are shown in breaker is roughly one-half the total time reauired to 

equipped wRranr .^ 1 ^ 63 ^ COmpany are c,ear average case of trouble 

’ which has increased its 1 soeed C nf^ 1 ope . rator mac3e ' n the case of the breakers with explosion chamber 

^'tact te™^^ S approxi^ateIv 15 ^T a f 5 °m ?JT & type contacts.where the time is greater or less dependent 
pp . imately 16 ft. (5 m.) per sec. upon the particular design and the mirrpnf fn "ho infm. 
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Fig. Id-Interruption of Pit Line Charging Current with 
116-Ky., 400-Ampere Oil Circuit Breaker 
Vaca—Dixon Substation—July 10, 1020 

with speed—time characteristic curves of the same 
shapeas shown in Eig. 4. 

* ^hnan breakers also employ a six-break contact 
which is controlled through a pantograph mechanism to 
make a horizontal linear break, The breaker is sole- 
•noid operated, and has a contact travel of approximately 
3.2 ft. (1 m.) per sec, 

The importance of speed in clearing trouble in a high- 
voltage transmission network cannot be too strongly 
emphasized. As systems grow in size and the amounts 
of power available at a fault increase, it becomes more 
and more necessary to isolate the fault in the shortest 
possible time. With the large amounts of powOr avail- 
able, great damage is done in a very short spacd of time 

; ^ Sporn and St. Clair., Tests on Oil Circuit Breakers, Jour- 

’0ATj A. I. E. E., July, 102?,-p. 698. 


>f and the very existence of the network depends upon the 
i- quickness and accuracy of the switching, 
n Relays have been developed and applied to line pro- 
c teetion to such an extent that it is now practicable to 
•i relay a line so that troubles causing a flashover can be 
t cleared before material damage is done to the line 
e insulators or conductor more than 90 per cent of the 
time. Relays are now in operation which will close 
a their contacts selectively on grounds on one of a pair of 
r parallel lines in a definite direction on both ends of 
;, that line in considerably less time than is required for 
any available high-voltage oil circuit breaker to open 

s its contacts after the trip coil has been energized. 

1 It will be shown later that the time required to open 
i the contacts of a present day high-voltage oil circuit 
i breaker is roughly one-half the.total time required to 
3 clear the average case of trouble. Exception to this is 
t made in the case of the breakers with explosion chamber 
i type contacts where the time is greater or less dependent 
. upon the particular design and the current to be inter¬ 
rupted. It is therefore evident that the time consumed 
by the relays in discriminating between circuits and 
starting the necessary operations to trip the switch is 
approximately only one-third of the total time required 
to clear the circuit. The balance of the time is taken 
by the oil circuit breaker itself in completing the inter¬ 
ruption and is unnecessarily long. That increased 
speed is desirable seems to be universally accepted. 
The best method of achieving this increased speed 
seems very much debated. From an operating stand¬ 
point, however obtained, higher interrupting speeds 
would benefit both the breaker itself and the system of 
which it was a part. 

Limitation op Current 

In the foregoing outline under subheading (b) as a 
characteristic of the circuit interruption influenced by 
the oil circuit breaker was given the limitation of the 
current to be interrupted. 

. I n suck breakers as have this feature incorporated, 
it is usually accomplished by the insertion of resistance 
into the circuit before the final rupture takes place. 
European breakers use this feature much more often 
than those manufactured in America, one reason being 
that the greater proportion of European oil circuit 
breakers are multiple contact and lend themselves 
particularly well to such' treatment. 

The mechanical design of high-voltage oil circuit 
breakers is not yet advanced to a point where the 
resistance feature can be added without reducing the 
mechanical reliability of the breaker below a safe 
minimum in many cases. 

However, low-voltage circuits for heavy duty are, 
customarily equipped with external reactors to reduce 
the duty on thetoil circuit breaker and are considered 
sound practise even though they entail a continuous 
loss often for the sole purpose of protecting the oil. 
circuit breaker momentarily during troublet 

















Dee. 1927 


WILKINS AND CRELLIN: HIGH-VOLTAGE OIL CIRCUIT BEE AKERS 


The expense and operating difficulties attending the 
use of external reactors for high-voltage work has pro¬ 
hibited their use for 60 kv. or above, except in a few 
isolated cases. The mechanical difficulties attending 
their use internally on a two break oil circuit breaker 
have likewise prohibited their use in that direction in 
this country. 

Characteristics Dependent Upon the 'Connected 
Circuit 

Assubheadingsunder those characteristics over which 
the oil circuit breaker has no control are grouped: 
(a) power factor, (b) recovery voltage, together with 
others to be considered later. 

Because of the fact that the current in an a-c. circuit 
is broken at or near the zero of the current wave the 
duty on the breaker is least at unity power factor since 


1345 

reasonably good and operating practise has determined 
also that by far the major portion of high tension net- 
woi k troubles are from conductor to ground. 

In practise, therefore, the power factor of the circuit, 
while important, is not vital to an oil circuit breaker 
with any reasonable margin of safety except in special 
cases which will be considered later, Coupled with 
power factor is recovery voltage usually defined as the 
voltage across the oil circuit breaker contacts in the 
first half cycle after the circuit is interrupted, 

The only thing definitely established regarding 
recovery voltage on an operating network is that fit is „ 
not the simple vector relation of normal voltages that a 
single generator gives on test. All of the transient 
characteristics of the connected equipment influence 
it sometimes for several cycles after the arc has cleared. 







Pig. 11 Interruption of Singlb-Phasb Ghound on Pit Um No. 1 (Systbm Connected) 


Vaea—Dixon Substation—July 0, ID2G 
Y — BP contacts open 
1—Position indicator 
El. Arc volts B phase 
El, 3—B phase current 
El. 4—50-cycle timing 


the voltage across the contacts is also zero at that time, 
With a decrease in power factor two things happen: 

First: The voltage available to strike across the gap 
and reestablish the arc is higher being a maximum at or 
near zero power factor since the voltage is a maximum 
when the current is zero at that time. 

Second; Since the character of the circuit interrupted 
determines the character of the voltage wave across the 
contacts, the arc voltage on inductive circuits has tlie 
characteristic horns as discussed in many texts, 9 

These horns for metallic electrodes under oil are very 
sharp, frequently too sharp to be recorded satisfactorily 
on the commercial oscillograph and are often equal to 
or slightly greater than the nominal circuit voltage at 
the time of interruption. 

Contrary to the usual idea, system stability tests have 
demonstrated that in practise the *power factor of a 
ground on a high-tension network may have been 

0. Alternating Current Phenomena, C, P, Steimnetz, Pages 
353-357. 


Phase Balancing and Growth and Decay op 
Current Values 

In low-voltage networks and particularly in oil circuit 
breaker tests on a single generator the current to be 
interrupted begins to decrease after the first half cycle 
of short circuit. It is therefore, as a rule, easier for the 
oil circuit breaker to clear the circuit several cycles 
after the short circuit is applied. 

Most troubles on such generators and networks are 
between phases so that such tests represent a practical 
operating condition. 

High-voltage network troubles are more often from 
wire to ground; on the sytem of the Pacific? Gas and 
Electric Company for instance, on 60 kv.- and above, 
over 95 per cent of all line trouble is from phase to 
ground. For such conditions the initial short circuit 
current may be only a fraction of the final value to be 
interrupted. :•/• 

Fig. 11 gives an oscillograph record of a wire to ground 
short circuit on one of two parallel 220-kv. lines with the 
system in normal operation" cleared by relay in the 
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usual way, leaving the second line in service. The 
current in this case increased for some 5 or 6 cycles and 
was then practically constant until interrupted. This 
is due to the so-called phase balancing action and in 
some cases has given as high as a 2 to 1 ratio between 
initial and maximum amperes. The same thing takes 
place if the several phases of an oil circuit breaker do 
not interrupt the circuit simultaneously although this 
trouble is largely eliminated from present day oil 
circuit breakers. 10 

Resonance 

* Of all the phenomena occurring during the interrup- 
tiort of a high-tension circuit as part of an operating 
network, there remains the one probably the least 
understood,—resonance. At the instant the contacts 
part, an arc is established. It has a so-called negative 
resistance due to the fact that the initial stream of 
kms and electrons under the influence of a high potential 


This has an immediate and practical application in 
high-tension oil circuit breaker practise because on 
every line that is cleared in trouble to ground at least 
two phases at one end must interrupt charging current 
which may or may not be the nominal charging current 
of that line. 

In Fig. 11 was given a record of the interruption of 
a single-phase 220-kv. ground of some 2430 amperes, 

Fig. 12 gives the record of the same oil circuit breaker 
on the same 202-mi. line interrupting 156 amperes of 
charging current at 220 kv. 

The length of arc, slightly under 19 in. per contact, 
was the same, the contact burning the same so far as 
visual inspection could determine, and the deterioration. 
of the oil the same. Figs. 13 and 14 give these plotted 
in the form of curves. 

It is to be noted that after the first two cycles the. 
current builds up at the natural period of the line to 
values much in excess of the normal 60-cycle charging 


Fiq. 12 Pit Line Charging Corrent Interruption at 220 Kv. 

Vnca—Dixon Substation—Juno 20, 19*0 
X—A-phasa contacts open Y —• B phase Z — C plmso 

E . 1—Position indicator El. 6—B phase current 

E . 2—0 phase current TCI. 6—Arc volts B phase 

E . 3—A phase current HI. 7—Arc watts B phase 

El. -i— 50-cyclo timing El. 8—60-cyelo timing 


gradient cause additional ions and electrons by collision. 
This in effect increases the area of the arc and decreases 
the resistance. 

At.the start of the break there is a relatively low 
potential across the arc and the effect of arc voltage is 
scarcely noticeable. As the contacts part the voltage 
across the arc increases and the current growth for each 
cycle is determined more and more by the character¬ 
istics of the connected circuits frequently differing 
greatly from the system frequency. 

This ability of the arc to convert from one frequency 
to another is wellknown in communication but is little 
appreciated by transmission engineers and practically 
no data on the effect of series arcs in a circuit containing 
capacity an d reactance are available. 11 

10. Practical Aspects of System Stability, R. Wilkins a T E E 
Trans., Vo!. XLV, 1920, p. 41, (Fig. 7) ' E ' 


current, the speed of current growth being greater for 
short sections of line since the characteristics change 
for them. 

In pi actise such records have been taken for several 
makes of 110-kv. oil circuit breakers for identical con- 
ditions using the several methods of increasing contact 
speed from two break breakers with a speed of less than 
4it.persec,per contact to 6-break breakers with a speed 
o 5 ft. per sec. per contact and a range of arcing time 
from 12 cycles on the slower speed to 2 cycles on the 
higher speed. 

The total arc length increases for a given duty on 
most types as the speed increases at some rate less than 
the speed increase *. a 6-break oil circuit breaker has 
a gi eater t otal arc length, but a much shorter length per 

P T ‘ Fre( l™ncy Conversion by third Class Con¬ 

ductor, A. I. E. E. Trans., Vol. XLII, 1923, p. 470 ' 
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contact than a two-break oil circuit breaker for the same 
duty. 

The important point often overlooked is that the high¬ 
speed breaker clears the disturbance in much less time 
with much less damage both to the system and to the 
breaker. 

There is no virtue in making an elaborate contact 
arrangement and then slowing the whole mechanism 
down to the same total speed as a simple one break 
bi eaker. But a breaker which will clear a given trouble 
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SECONDS ^ 

l^ia 13 —Single-Phase Ground on Pit Line No. 1 

Equipped with rotating relimso arcing tips. Bronkor tripped out by 
station relays, Lino connected to System, at Vaca—.Dixon Substation— 
July 0) 1020 

in one or two cycles is a much more satisfactory piece 
of apparatus than one requiring 15 cycles, provided it 
can be properly Velayed and made to stay together. 

Conclusions 

throughout this paper the viewpoint on controversial 
subjects has been from the practical side; that is to 
say, from the position of the operating man rather than 
the manufacturer. This as is it should be, for design 
must meet the requirements of the operating man who 
purchases and uses the apparatus. 

The primary assumption has been made that the 
function of a transmission network is to deliver power 
with a maximum of reliability at a minimum expense. 
The oil circuit breaker is an integral part of the network 
and has a particular and very important function to 
perform. 

Engineers engaged in the design of transmission 
networks must now plan the network to operate in such 
a manner that it will not overstep the capacities of the 
oil circuit breakers installed. These capacities are 
not definitely known and therefore large factors of 
safety must be allowed and unnecessary expense 
incurred. 

This is especially true in very high-voltage trans¬ 
mission lines, where both carrying capacity and stability 
are greatly improved if the lines can be broken up into 
sections by switching stations and only a relatively small 
section isolated to clear up trouble. Such a plan is 
not generally carried out because ojf the operating 
limitations and great cost of high-voltage oil circuit 
breakers. The oil circuit breaker is therefore the 
limiting feature to the securing of the best possible 


operating results in electric transmission developments 
involving many millions of dollars. 

With the increase in transmission voltage and the 
large concentrations of power, there has come a new set 
of problems not previously encountered 1 . The problems 
of transmission line stability and continuity of service 
are of the utmost importance because outages render 
large blocks of power unproductive of revenue and 
may cause financial loss to consumers dependent upon 
continuous service. The position which„the oil circuit 
breakers hold in these problems is becoming more gen- 
ei ally i ealized, their faults and shortcomings recognized 
and most important of all, their economic relation to the 
rest of the development is being clarified. This has 
taken time, for engineers and operators have formed the 
habit of unconsciously basing their decision around oil 
circuit breaker limitations. They had to be on the 
safe side, and what would have been the best solution 
of a problem may have been discarded in place of a plan ' 
less favorable from economic or operating results, but 
more sure of success because the circuit breakers could 
not be considered as highly reliable pieces of apparatus 
to guarantee the'carrying out of the most desirable plan. 

Certain fundamental requirements may be set down 
as essential in an oil circuit breaker for use on high- 
voltage transmission networks. To meet these re¬ 
quirements with present day knowledge of oil circuit 
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Fig, 14 Pit Line No, 1 Charging Current Interruption, 

with Westinghouse Type G-2 Oil Circuit Breaker 

Equipped with rotating release arcing tips at Vaca-Dlxon Substation. 
June 20, 1920 * 

breaker design requires a composite breaker embodying 
the strong points to be found in the designs of the severaL 
manufacturers* Briefly, these requirements are: 

!• The total operating time for a complete "open- 
close-open” cycle of operations at rated current/ and 
voltage shall not be more than 0.2.sec, 

2. The arcing time shall approach as close as possible 
to the ideal of one-half cycle. 

3, The energy for the switch operator shall be stored 

and available for instantaneous release, The mecha¬ 
nism should not have a power demand in excess of pjrj|§ 
kw* • - / JftSi 
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S 4. The breaker shall be capable of completing 100 
normal operating cycles before any inspections or ad¬ 
justments are necessary. (If requirements 1 and 2 
are met successfully, there should be no trouble in 
reaching 1000.) ’ 

5. The breaker shall be so designed that it can be 
installed, adjusted and maintained by the average 
•mechanic without especial training in oil circuit breaker 
technique. 

The growing knowledge of the important part played 
by the oil circuit breaker in a transmissiion network is 
stimulating investigations on the part of the operating 
companies to satisfy themselves as to the best circuit 
breaker for use on a given system. As has been 
previously stated, it is economically unfeasible for each 
manufacturer to maintain equipment for the testing of 
oil circuit breakers with a rating of 2,000,000 or more 
kv-a. at 220,000 volts. Also these tests at the rnanu- 
' faeturers' plants are not conclusive for it is impossible 
to duplicate the conditions met on an extensive, inter¬ 
connected transmission network, where recovery 
voltage,' resonance, surges, etc., are variable and 
indeterminate. 

The only way in which it is now possible for an operat¬ 
ing company to satisfy itself of the suitability of any 
theory of circuit breaker design, is to conduct carefully 
supervised tests on its own system. This requires a 


maximum of courage, but if reliable service is the 
utlimate goal, all equipment must be tried and found not 
wanting. Competitive designs and theories, coupled 
with a wide range in price quotations, all in the face of a 
positive refusal to give any guarantees on performance, 
make the selection of an oil circuit breaker for a given 
installation extremely difficult. Present day knowledge 
must be amplified by further test data. 

It is entirely possible that the oil circuit breaker as 
now known, may not be the ultimate device for opening 
a-c. circuits. They are used today because they are the 
only devices which have been developed to the point 
where a reasonable dependence may be placed on their 
operation. 

The immediate problem is to combine in one oil 
circuit breaker all of the good features now available in 
the designs of the several manufacturers. By so doing 
it will be possible to approach the operating require¬ 
ments set down previously, and secure a breaker 
superior in performance to any now offered. Along 
with this must go continued research, looking toward 
the development of a device for the interruption of a 
high-voltage, alternating-current circuit which will be 
as dependable in its operation as is the transformer and 
generator. Pending this time, oil circuit breakers must 
be purchased and used with a full knowledge of their 
limitations. 


Iron and Steel Industry 

Annual Report of Committee on Applications to Iron and 

Steel Production* 


To the Board of Directors: 

■■y*'- The importance of electricity to the production of iron 
?: and steel has reached such magnitude that this Com¬ 
mittee believes that all engineers should be informed as 
to the situation so as to be prepared to apply it success¬ 
fully, in all its fields of application. To this end, the 


is being applied in this industry. 

Lighting 

Perhaps the first application was that to lighting. 
-The arcs were replaced by incandescent lamps and now 
illumination is receiving much attention as to the proper 
lighting of various jobs and work spaces. Proper 
illumination is now credited with increase in both 

♦Committee on Applications to'Iron and Steel Production 

A. G, Pierce, Chairman, 1239 Guardian Building, Cleveland, Ohio 
A, O. Bunker, S, L. Henderson, J. W. Speer, 

A-O. Cummins, R. H. ICeil, G. 13. Stolbz, 

F. B. Crosby, O, Kennedy, T„ S. To>v!e, 

J. H. Hall, A, G, Placo, J. D, Wright. 

F, O. Schnure, 

Presented at the Summer Convention of the A, /. E, E y at 
Detroit, Mich, 9 June 20-24, J {927* 


production and safety. Steel mills, however, are not 
yet lighted as they should be, and increased emphasis 
should be placed on this phase of their work by electrical 
engineers. 

Heating 

The use of electricity for heating has increased with 
the installation during the past year of over 25 melting 
furnaces. These range from ton to 26 tons, and are 
of the arc type. The time of melt has been reduced 
considerably. The increase of production has also been 
greatly influenced by furnace design. The removable 
roof type of furnace appears to be the trend in design; 

Resistor type furnaces are being used for annealing 
and for heat treating of alloy steels. Laboratory fur¬ 
naces have been used in the steel mills for many years. 

Several years ago electrical heating was applied to 
rolls in sheet and tin mills to increase production during 
the first turn after a shut down or a roll change. This 
use is apparently well grounded since a report by the 
A. I. & S. E. E. states that 168 roll heaters are in use 
in 19 plants. Electrical heating devices have been 
used in crane cabs and offices for many years. 
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Main Roll Drives 

Duiing 1926 nearly 150 main roll drives were pur¬ 
chased, all of which were electrically operated. Of 
these only six were a-c., the rest were d-c., ranging from 
230 to 900 volts. Of a special interest is the 8000-h. p., 
700-volt reversing, d-c. motor drive, for the 54-in! 
blooming mill in a Pittsburgh mill. Large motors for 
such drives have become common. Individual motor 
drives on tandem strip mills are also of interest because 
of their increased use. While the use of d-c. motors 
has pi edominated, a few induction motors have been 
installed with speed control; also, a few large syn¬ 
chronous motors have been applied with apparent 
success on their particular mills. Undoubtedly, the 
use of synchronous motors for mill drive will increase. 

To reduction of labor and the actual improvement in 
the steel produced is due the importance of the electri¬ 
fication of steel mills. Electric drives in steel mills 
permit the mill designer to produce a mill that will do 
things heretofore impossible. 

Auxiliary Mill Drives 

In connection with the installation of many new main 
mill drives, auxiliary drives have come in for much 
attention, with the idea of giving closer control of these 
auxiliaries with fewer operators. Automatic control 
of screw-downs, tables, transfer cars and drag-overs, 
together with furnace doors and pit covers, has increased 
with resultant efficiency, the ratio of steel production 
to men employed. 

The A. I. & S. E. E. has completed its specifications 
for auxiliary and mill motors and one motor manu¬ 
facturer has announced motors built according to these 
new specifications. <■ 

Alternating current is gaining some ground applied to 
auxiliary drives, but direct current is apparently very 
well grounded in the steel mill electrical man's scheme 
of operations. 

Welding 

. Electric welding can be mentioned briefly because it 
is used extensively for repair work, and indications are 
that in the future building construction will be in¬ 
fluenced by this process. 

Perhaps the most important application of electric 
welding is its use for the building up of large machines 
by welding plates. These welded structures are to 
replace castings. The ease with which complicated as 
welj as simple structures can be made, together with 
their lightness and strength, is making this innovation 
one of importance and one which gives promise of 
rapidly increasing use. 

Safety 

Because of the wide-spread Use of electricity, in mills, 
the various electrical departments appear to be leaders 
m safety programs and the elimination of all hazards as 
well as those electrical. This may be because of the 
peculiar nature of electrical hazards, and the extensive 


steps taken by power companies and electricity users to 
eliminate these hazards and to take care of unfortunate 
victims. The prominent place of steel mill electrical 
men in the promotion of safety should be recognized. 

Measurements and Instruments 

The metering of electric power has been practised 
from the first, and its convenience has caused its more 
extensive use in the mills in order to determine not only 
the total power costs, but also the detailed operating 
costs, down to individual machines ana drives. Even 
auxiliai y drive controllers are being specified to include 
pel manent shunts for convenient metering. This . 
peimits proper distribution of costs for different 
processes. 

Electricity also plays an important partin other than 
power measurements, such as tachometers and pyrom¬ 
eters for speed and temperature determinations. The 
metering of gases is done also readily with great con% 
venience by electrical means. 

By the increased use of electrical power measurements 
attention has been called to economies that are possible. 
These economies are watched by all departments and 
stimulate effort by department heads to make savings 
hei etofore uncontemplated. Furthermore, these mea¬ 
surements and economies stimulate improvement of 
design to effect even greater economies. 

Conclusion 

In conclusion, it may be noted that there is con¬ 
siderable activity in the rebuilding of steel mills so as 
to produce more steel at a lower cost. The old steam 
drives are replaced by electric drives, most of which are 
for direct current. 

Tiie transmission of electric power at high voltages, 
together with the ease with which it can be converted 
for convenient application, has caused the use of 
electricity to drive out steam. Its use is now amply 
safe-guarded and engineers and operators are more 
skilled in its application and use. The ease with which 
a few mill operators can control a large number of 
motors through remote-control devices further demon¬ 
strates the superiority of the electric drive' This 
rapidly increasing use of electric power demands the 
closest attention of electrical engineers. 

The improvement in engineering that is apparent 
today gives a certainty of predetermination of results 
which is not only gratifying to the engineer, but of 
greatest value to the executive. ~ 


m 
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About 23,000 acres in McCurtain County, Okla¬ 
homa, are to be covered by a lake to be created by the 
building of four dams on 
where a paper pulp 
Colorado River in Texas, 

Austin and Lampasas, six power dams are to be erected 
to impound water enough to generate 122,000 horslp 4 "' 
power of electrical energy. ‘ ' 
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The Space Charge That Surrounds a Conductor 

in Corona 


BY JOSEPH S. CARROLL' 

Associate, A, I. E, E, 

Synopsis .—^1 qualitative analysis of the nature of the space 
charge created about a conductor in corona, particularly with respect 
to relative magnitudes and polarities, rather than,actual quantitative 
measurement, is described here . This work was the principal work 
on corona during lh,e past year in the Ryan High-Voltage Laboratory . 

In lesist until the arrangements of a wire and a plane, and of a wire 
and a cylinder t a decided rectifying effect was discernible in the space 
about the conductor in corona, in that that region was built up to a 
unidirectional potential above ground, the magnitude and polarity 
of this potential depending on the voltage applied. In both of these 
set-ups, this net rectification, which is evidently caused by some 
differential action entering into the ionization process, ivas of a 
positive sign at the start of corona, but changed over to negative as the 
voltage ivas raised, 

y In a test mode on two 1.1-in. diameter, parallel concentric strand 
copper conductors, 10 ft. apart, the space between them was found to 
have assumed a potential above ground when the conductors were in 


and JOSEPH T. LUSIGNAN 2 

Associate, A. I. 13. 33. 

corona, the sign of this charge being negative at first, and then 
positive as the voltage increased. Tests were also earned out on a 
single brush, and on a rod fitted with “ artificial ” br ushes. 

In a corona-loss curve taken on the two cable conductors it ivas 
found that at the same voltage at which the sign of the rectified space 
charge had reversed, there was a “break" in the curve. This 
“break" corresponded to the point above which Peek's quadratic law 
of corona holds, and below which he has suggested the entrance of a 
probability relation. 

A final field test was made at a span of the 220-hv. Pit River Lines 
of the Pacific Gas and Electric Co., in order to ascertain the magni¬ 
tude and polarity of the charge built up about a high-voltage line in 
service. A negative polarity was found to be present as far down as 
SO ft. below the conductors. Although the voltage was raised to 
260 kv., the charge remained negative, indicating that the line at its 
normal 220-kv, potential was operating at a point on the cor on a- 
loss curve appreciably below that where the break occurs in the curve* 


General Experimental Study op Space Charge 

T HE continuation of the study of the nature of the 
space charge that surrounds a conductor in corona 
was made during the past year in the Ryan High- 
Voltage Laboratory by attacking the problem from 
several different angles. 7 

One of the simplest cases giving evidence of the 
presence of a space charge is in the time-honored set-up 
of the wire at the center of a cylinder. If the cylinder 
is connected to ground through a condenser and a d-c. 
galvanometer is shunted across the condenser and then 
alternating voltage is applied to the wire at the center 
of the cylinder, the galvanometer will indicate, in the 
usual set-up, the presence of a unidirectional current 
as.soon as corona appears on the wire 3 . If the gal¬ 
vanometer shows a deflection, it indicates that some of 
the space charge that is planted about the conductor 
is getting oyer to the cylinder. Since the sign of the 
charge leaving the conductor reverses each time the 
vo tage reverses, the deflection of the galvanometer 
indicates that charges of only one sign get over to the 
cy nder or that more of one sign than the other gets 
ovei. With the ordinary set-up, this unidirectional 
current is usually from the cylinder to ground at first 
but as the voltage is raised the galvanometer indicates a 
reversal of current. The reason for this will be taken 
up later. 

If the wire and cylinder be replaced by a wire and 
neutral pla ne, the circuit connections being the same as 


those described in the use of the cylinder, the results 
obtained will be similar. 

A little more as to the nature of the space charge can 
be learned by the set-up shown in Fig. 1. This method 
has been used by several others in the past and is not 
given here as anything new, but only to complete the 
story, 3,4 If, for example, the plate is made positive 
with respect to the wire mesh, part of the negative ions 
arriving at the wire mesh will be drawn through to the 
plate where they will give up their charge which will 
then produce a deflection of the galvanometer. The 
relative amount of the space charge arriving at the 
neutral plane can be observed under different conditions 
with respeetto voltage, size of wire, distance of wirefrom 



ui e “; ant Pr ° feSSOr ° f El60trical ^iaeering, Stanford 

7 Q 011 ^ j" Elec , trical Engineering, Stanford University. 

7. Seo Bibliography for reference. 

f aCifiiC C ° aSt Convention of A. L E. E., 
Del Monte, Calif., Sept. 18-16, 1927 . 


plate, etc. A great deal of work has been done along 
this line by Mr. Willis. 4 A characteristic plot of results 
that were obtained by the authors using the method 
just described is given in Fig. 2. The curves show 
that the positive ions reach the neutral plane at a lower 
applied voltage on the wire than do the negative ions. 

, e ™ er negative ions reaching the neutral 

ftrTT' “ S m0re with an increase 

m applied voltageihan does the number of positive ions. 

uoint f °L the fact , that a sin gie brush from a 

point has almost the same characteristic curves as those 
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in Fi g 2, except with reverse polarity, it might not be so 
difficult to offer an explanation for the form of these 
two curves. If high-voltage direct current is applied 
to the wire instead of alternating current, and the corona 
current plotted against the applied voltage with the 
wire positive and then with the wire negative, the results 
will not differ much in form from those shown in Pig. 2 6 
Three of the factors that help to determine the form of 
these curves are the mobilities of the ions, their rate 
of manufacture and the amount that their presence 
disturbs the normal field. 


plate, thereby discharging the electroscope. The rate 
of the discharge of the electroscope is a measure of the 
relative number of ions arriving at the neutral plane at 
that instant. The phase angle of the motor driving the 
disk was changed by means of a phase shifter and in 
this way the action over a complete cycle could be 
observed with the electroscope charged positively and 
then with it charged negatively. The electroscope 
was charged after each reading by means of a well- 
msulated switch, S t , A 1050-kv-a., 60-cycle, sine wave 


One of the most important things is lacking in the 
results obtained by means of the set-up shown in Fig, l 
and that is the time element. In other words, what is 
the wave form of the current produced by the arrival of 
this space charge at the neutral plane? Since the action 
is cyclic, it was a comparatively easy matter to deter¬ 
mine the form of this wave. The set-up shown in 
Fig. 3 was evolved. The principle made use of here is 
very simple: If a charged electroscope is brought near 
to a conductor in corona, it will be discharged, of 
course, by the attraction of the ionswhichwill neutralize 




generator was used in this work. Tojcletermine the 
phase position of the synchronous disk with respect to 
the applied voltage, a contactor C was arranged on the 
disk so that it closed a circuit at the instant when the 
slot in the disk and the slot in the plate lined up. With 
switch No. 2 closed in the A position, a click could be 
heard in the phones when the contactor closed the 
circuit. By shifting the phase angle of the revolving 
disk, a position on the phase shifter could be found 
where there was no click, which indicated the zero 
point of the voltage wave. Since the motor used could 


Fia, 2— Curves Showing the Amount op Positive and 
Negative Charge Arriving at tub Neutral Plane in 
Relation to tub Applied Voltage. A No. Id Polished 
Copper Wire 5.6 in. from Neutral Plane. 

its charge. Now suppose instead of exposing the 
electroscope continuously, a synchronous shutter be 
piovided that will expose it for only a certain portion 
of the cycle. If the rate of discharge of the electro¬ 
scope he noted as the shutter is operated at different 
phase angles with respect to the applied voltage, the 
determination of the wave form can be made. This 
synchronous shutter arrangement was obtained by 
means of a four-pole synchronous motor driving a 
12-m. aluminum disk with two radial slots 3.6 in. long 
and five deg. wide; see Fig. 3. This disk rotated under 
a metal plate in which there was a slot the same size 
as those in the disk and the position of the disk was 
such that the slot in the plate and a slot in the disk 
came m line once each cycle. When these slots coin¬ 
cided, the plate of the charged electroscope could draw 
through some of the ions that arrived at the metal 



Fig. 4—Curves Showing the Relative Amount 'or. 
Charge Arriving at the Neutral Plane at the Various' 
Phases of the Voltage Cycle. A No. 14 Polished Copper 
Wire 6.5 in. from the Neutral Plane ■ „ 

come into step with the disk in one of two phase 
positions, 180 deg. apart, it was necessary to be certain 
that this phase was the same each time the motor was 
started up. To do this, switch No. 2 was closed in B 
position and with the phase shifter at the same angle 
each time the motor was made to come into step so that 
the d-c, voltmeter read positive. 
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The results obtained by this method are qualitative and 6, the positive charge continues to arrive at the 
only but they give additional information that cannot grounded plate even after the voltage on the wire has 
be secured otherwise. Curves shown in Figs. 4, 5 and 6 reversed and reached its negative crest. This is also 
were obtained by means of this set-up and will be dis- true for the negative charge and may be attributed to 

cussed later. ' the diffused state of the ions caused the uns ym- 

Since the field about a wire above a neutral plane is metrical field between wire and plane. In the case of 
not symmetrical, it was decided to find out what the the cylinder where the field is radial, there is little or no 

time when there are ions of both signs present at the 
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Fig. 5—The Same as Fig. 4 Except the Wire Had Been 
Out in the Weather for Two Years WhichjHad Oxidized 
Its Surface 

• 

effect on the form of the curves would be of a uniform 
radial field. The metal plate was replaced, therefore, 
by a 15-in. diameter metal cylinder having in it a slot 
which occupied the same position over the disk, as the 
slot of the metal plate. The data for the curves shown 
in Figs. 7,8 and 9 were then taken, 

The curves of Figs. 4 to 9 show that, except for magni¬ 
tude, there is very little difference in the form of the 
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Fig. 7—The Same as in Fig. 4 Except for a No. 16 
Polished Copper Wire at tiie Center of a 15-In, Cylinder 


same instant during the cycle. Figs. 4 and 5 show i;||||||| 
the difference between a polished wire and one covered 
with oxide. The positive and negative charges seem 
to come in at approximately the same voltages with 
the oxidized wire. An enameled wire was tried' also 
and the curves were similar to those for the oxidized 
wire. Had a curve been taken at a little higher voltage • |a|| 

with the polished wire, the negative charge would have.ij5g,, V’ f S 




0 40 ■ 80 120 160 200 240 280 320 360 

• PRASE ANGLE 

Fig. 6—The Same as Fig. 4 Except a No. 10 Polished 
Aluminum Wire Was Used; Its Distance From the Neutral 
Plane Was 10 In. 

positive and negative halves of the wave. A very 
important thing to note is the arrival of the charge at 
the neutral plane or cylinder sometime after the voltage 
on the wire has reversed. 

There are two fields involved in the drive of the ions 
across the space, that of the wire itself and that due to 
th.e space charge, and the results have shown the latter 
field to be of considerable importance. In Figs. 4, 6 
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Fig. 8—Conductors of Different Diameters at thi) 
Center of a 15-In. Cylinder. Applied Voltage 
Constant for All Three at 70 Kv. • ■ $i : 

exceeded the positive as it did in the case shown in 
Fig. 6. - 

(Since the scale used for plotting the flow of charge 
was dependent upon the rate of fall of the leaf of the 
electroscope, which in .turn was dependent upon the 
position and calibration- of the electroscope, the only 
quantitative comparison of curves that can be made is:4';||| 
Fig. 4 with respect to Fig. 5 and Fig, 7 with respect to : ;gp! 
Fig. 8.) ’ 
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. ^ ^ tlie case of the wire and cylinder some method 
is used to neutralize or balance out the charging current 
from the cylinder to ground that would flow if corona 
were not present, the current that remains is commonly ‘ 
called the corona current. The latter is made up of two 
elements; namely, the ions that actually reach the 
cylinder and the bound charge that is drawn to the 
cylinder by the ions that leave the wire but do not get 
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It was found that curves obtained with a polished 
copper wire were practically identical with those secured 
with a polished aluminum wire of the same size under 
similar conditions. 

In Fig, 9, with the kenotron in the wire circuit, the 
increase m the flow of charge is to be noted as the 
voltage on the wire goes over its crest having the same 
s.gn as the charge. This increase in the flow of charge 

is due only to the increase in the field driving the ions 
across. 

Various attempts have been made to compute the 
movement of. ions with conductors in corona. In 
order to do this, some have assumed varying mobilities 
for the ions which in our opinion is not justifiable until 
more data concerning the nature of this space charge 
are available. b 

If the distance from the wire to the grounded plane or 
cylinder be made sufficient, charges of both signs will 
not get across, but in no case in our tests was the a ^ s ?’ ^ lie question arose here as to what percentage 
distance so great that none of the charge of either sign . s culTent was due to the ions that arrived at the ’ 
got over when corona was present on the conductor. cylmder< The se( >up in Fig. 10 was used to obtain the 

corona current. Below the corona starting voltage, a 
position was found on the potentiometer control such 
that there was no deflection of the cathode ray. "This 
point, once found, would be the same‘for all voltages, 
so that when corona came in, the deflection of the 
cathode ray would be due to the voltage across the con¬ 
denser, caused by the corona current only. The value 
of this voltage was determined from the amount of 
deflection of the cathode ray, and with the capacitance 
of the condenser known, the average value of the corona 
current was computed. The set-up in Fig. 11 was 
next used to determine the current produced by the 
ions actually reaching the cylinder. The principle is 
the same as that shown in Fig. 1. In this case, however, 
it was necessary to trap all the ions reaching the center 
section of the cylinder; therefore, a wire cylinder of 
Xi~in, mesh was fitted inside of the sheet metal cylinder 
with eighth-in* hard rubber strips separating the two. 
The main difficulty with this set-up was involved in 
completely separating the positive and negative ions. 



Fict. 9 -Same as in Fro. 7 Except Voltaqio H 'as Applied 
TO TUB WlHl! TlIUOUUII A KbnoTUON 

fa n^? arges were found 30 ft ' out from a conductor 
oi a 220-kv. commercial power line on which there was 
but slight corona. This test will be discussed more 
fully later. 

For a limited space about a conductor in corona, the 
sign of the charge is reversed at each reversal of voltage. 
Beyond this space, charges of only one sign appear, 
which fact is undoubtedly due to a differential effect 
of the alternating charge near the conductor. The 
polarity of this charge is not the same for all conditions. 
In general, with an unpolished conductor out in the 
open, such as a transmission cable, the Siarge is negative 
at. the first appearance of corona but as the voltage is 
raised it changes over to positive. If the wire is highly 
polished and near the neutral plane, however, the charge 
is positive at first and then negative. If the distance to 
the ground electrode is relatively great, the actual flow 
of rectified current to supply this outer charge is very 
small. In some cases, however, the potentials built up 

by the charges are fairly great. 
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Mela! Cylinder^ 
Galvanometer 






IMF, 


High Voltage 

h miinn^ 


’*1 


1000 foils D.C. 


Fra. 11 


With the a-c. voltage held constant on the wire, which . % 
was in corona, the d-c. voltage applied to the sheet 
metal cylinder was increased in steps from zero to :vi| 
1000 volts and galvanometer readings were taken M, 
for each voltage. It was hoped that a plot of these ;Jpl 
values would give a saturation curve indicating a com- : MW\ 
plete separation of the positive and negative ions, buflP#3 
this was not found possible in this case. A wire screen? : 3 | 
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with smaller mesh was also tried but was even less 
effective. Using the average value of the current, 
however, as read by means of the galvanometer, when 
there was 1000 -volt direct current on the metal cylinder 
it was found in the case of the 0.219-in. brass rod with 
voltages above 50 kv., at least 70 per cent of the ions 
that left the wire reached the cylinder before they were 
di awn back to the wire by the reversal of vol tage or 
were neutralized by the outgoing ions of the opposite 
sign. With as little modification in this set-up, there is 
no reason why a complete determination of this ratio 
could not be made. 

•Since the corona on a transmission conductor is 
made up largely, if not entirely, of brushes, a point 
was placed on the side of the 0.219-in. brass rod in the 
cylinder and the corona current studied with set-up 
of Fig, 11 . At the first appearance of corona at 11 kv., 

- c h ar ge arriving at the cylinder was negative and 
remained negative until the positive began to get across 
at 40 lev. From 40 kv. to 48 kv., there was more posi¬ 
tive than negative reaching the cylinder but from 48 lev. 
up to the fiashover voltage the amount of the negative 
exceeded the positive. The point used was a piece of 
fine wire 1/16 ill. long. The rod was then tried with 
two such points and it was found that the negative 
charge arriving at the cylinder always exceeded the 
positive, although it decreased slightly from 43 lev. to 
45 kv. 


scope with a condenser to obtain the d-c. charge on the 
test wire when the applied voltage on the conductors 
was above 300 lev. Another test that was made with 
this set-up was to short-circuit the electroscope until 
t ie voltage had been taken off the large conductors 
and then the short circuit was removed. When this 
was done at 280 kv. the test wire accumulated sufficient. 



200 240 280 320 360 

KILOVOLTS BETWEEN LINES 


Fia. 12— Corona Loss Curve tor a 1.1-In. Concentric 

i°™ CoNDUCTOR - Distance Between Con¬ 
ductors, 10 ft. Insulator Losses Are Not Included 


Space Charge Surrounding Transmission 
Conductors 

The ionization about transmission conductors was 
next studied. Two concentric strand copper cables 
.1 m, m diameter and 50 ft. long were strung up in the 
laboratory parallel to each other and 10 ft. apart with a 
c earance of at least 20 ft. in all directions. A No. 16 
wire was supported parallel to, and midway between, 

, e wo conductors. Hard rubber rods were used for 
insulators on this test wire and a lead from it was 
brought out at right angles to the plane of the two large 
conductors. An electroscope was connected between 
the test wire and ground and voltage was then applied 
to the two conductors. Below the corona voltage, the 
test-wire was adjusted so that the electroscope showed 
no voltage on it due to position in the electrostatic 
field which indicated that it was in the neutral plane, 
the voltage was raised and at the first appearance of 
corona at 160 kv. between lines the electroscope showed 
a negative charge on the test wire. The negative 
po en 19 , increased on this wire as the applied voltage 
was raised until at 280 lev. between lines it was ap¬ 
proximately 3000 volts. As the applied voltage was 
further raised, the potential on this test wire started to 
lall, slowly at first, then more rapidly, until at 300 kv. 
between lines it reached zero and then began to build 
up positive. At 500 kv. between lines the test wire had 
a positive potential of approximately 16,000 volts 
above ground. It was necessary to parallel the electro¬ 


negative charge to raise potential of the test wire several 
hundred volts. The same thing was tried at 400 kv. 

11 this case, the potential on the test .wire was over a 
thousand volts positive. These potentials were due 
to the persistence of the charge about the conductors 
after the source of ionization had been removed. In 
some cases, charges were found to build up potentials 
o a few hundred volts on the test wire as long as fifteen 
minutes after the voltage had been removed from the 
conductors, 

_ A corona loss curve was then taken and is shown in 
Rig. 12 . I Z is rather interesting to note that at 300 kv. 
between lines there is a break in the loss curve, and it is 
a this point that the potential of the charge about the 
conductors changes over from negative to positive. 


B 6k Sphere s' } ... 

hr- 42 if 


Wife Screen 
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tarse Metal Plate - 


Above this point, Peek's quadratic law seems to hold, 
but below, it does not, and it is in this lower region that 
Peek has suggested a probability law. 6 

Since the corona on' these transmission cables ap- 
peaied to be made up of individual brushes, it was 
decided to study the characteristics of a single brush. 
The set-up shown in Fig. 13 was used. An observer 
in the insulated screen cage at high voltage took all the 
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TTrr* i ^ . * - 


necessary data. With this arrangement, the capaci¬ 
tance of the metal point is practically zero, so that the 

c.”L?X flow , to and from th * p*‘ - ~ 

cu rent. The simple connection of the condenser and 
galvanometer was the first one used. At the start of 
corona from the point which appeared as a soft glow, 



Z^:r m DEFT ' ECT0I,a AND 940t} -° H « ron TimZ 

the galvanometer indicated a flow of negative current 
which increased until at 112 lev. the galvLometer 
deflection was two divisions. At this voltage, purplish 
streamer began to shoot out which considerably in 
ci eased the luminosity of the brush. At 132 kv, the 
galvanometer had fallen to zero and at 140 kv the 
current was positive, giving a deflection of two divisions 

mdTrnkv streamers had increased 
and at 172 kv. the discharge was a large, well-developed 

brush giving a reading on the galvanometer of Jo 

divisions positive. The condenser and galvanometer 

looon^ T repla T d by the cathode ray tube - A 

100 ,000-ohm resistance connected between the points 
B ^ve sufficient voltage drop to obtain a good 
deflection of the cathode ray that was proportional 
to the current. This current deflection was opened out 
into a current cyclogram by applying a sine wave volt¬ 
age to the other pair of deflector plates. This sine wave 
voltage was obtained from a 2300-volt exciting winding 
connected to the high-voltage end of the secondary 
This voltage had been tested and found to be a sine 
wave ni phase with the secondary voltage, In order to 
put the important changes of current intensity in an 
advantageous position on the cyclograin for analysis, 
the phase angle of this timing voltage was shifted 90 
deg. by means of a condenser. In the cyclograms 
shown in Figs. 14 and 16, the corona current appears 
to be a maximum shortly before the timing voltage 
1 ™.^J e ® sed 01 J fcbe tube is zero, but due to the 90-deg. 
shift it can be seen that the maximum of the corona 
current is approximately 26 deg. ahead of the maximum 
of the voltage applied to the point. The form of these , 
corona cyclograms would be altered slightly if they were 
changed over to a uniform time axis instead of the 
sinusoidal timing wave. The direction of rotation of ’ 
the spot that traced these curves was careful ly checked. .< 
as was also the polarity of the cathode ray tube deflec- i 
tors. In Fig. 14, the positive and negative halves of 1 
the current wave are smooth and are practically the : 
same. In Fig. 16 the negative side is still smooth but < 


the positive side shows a sudden pulse of current. It 
! was difficult to get the exact form of this pulse because 
the rapid movement of the spot did not leave a very 
distinct trace. Simultaneous with the appearance of 
this pulse of positive current, as the form changed from 
that shown in Fig. 14 to the one shown in Fig. 16, was 
the appearance of the long purple streamers. When a 
nalr-m. brass sphere was put over the end of the point, 
breaks appeared in the negative half of the current wave 
but they were not so prominent as those on the positive 
side.. Time nor space does not permit much more to be 
said about these tests with the single brush. Mpre 
work is to be done along these lines and a complete 

report will no doubt be made later. 

Current cyclograms were taken on the 1.1-in. tVans- 
mission conductor previously mentioned with the 
c larging current balanced out. While they were not 
so clear cut as those of the brush from the single point, 
they had the same general form. If all the brushes on* 
the transmission conductor came in at the same voltage, 
the result, of course, would be practically the same as 
the brush from the single point except for magnitude, 
thus is very nearly the case when voltage is n&t far 
above the corona starting voltage when there arc only 
a few brushes present. Since this is within the econom¬ 
ical range, the region we are most interested in, the 
authors, believe that much can be learned about the 
mechanism of corona about the transmission line by 

.°^ th 4 e bru f h from a single point. It is also 
then belief that results obtained from polished smooth 
surface conductors, especially if they are mounted near a 
neu ra p ane, are not applicable to transmission lines 
out in the open. 

Tests Made Under a 220-Kv. Transmission Line 

In order to tie in the results obtained in the laboratory 
with those of actual operating conditions, the authors 



Fm. 16 -Same as Fig, 14 Except 130 Kv. and 40,000 
?Ssimir ,mRBN,C UNT AND 4900 ° J,MS F0I? Timing VomL 

went to the220-kv. lines of the Pacific Gas and Electric 
C ?: fVaca-Dixon substation. The section under 
which thetestsweremadewas that of a three-phase, 220 - 
kv. hne with 0.9-in. ropelay copper conduetorsin the hori- 
zontal configuration. The separation of the conductors 
.wasabout 14ft. andtheywereapproximately 63 ft. abo$p 
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Summary and Conclusions 
In the ionization process about a conductor or elec 
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to supply it isnegliX 1 compared tothe altOTattng Prof”!; 1116 ,f m .?, area - JudginB from the fact that 
space charge current itself. g ,, .°*‘ ^ennelly did not state how (B) could be derived, 

this must be either self-evident or very simply derivable 
Bibliography f roai hls geometrical construction- of the forward and 

3 Whitelmd and Inouye, A. I. E. E, Tuans,, Vol 41 1022 StT? components. However, the present writer 
p- 138 - .. ' ,1922, has faded to see this and it will be shown in the follow- 

t w Wllll ®-£- L E - E - Jfc, March) 1927, p. 272. ’ ng that tlie relations (A) can be very simply obtained 

June K )19 a “ U “ Z ’ Umversity of Bulletin No. 114, fr °“ an alternative method of geometrical construction 
6 *P w T> a i • of the components, 

Of Air—-IV, (Abridged) 1 L»f;KJ^Seo W^fm^ f ^ Icn0Wn that the folIowi ^ constructions 

7. Carroll and Ryan, A. I. E. E. Tuans /Vol 45! 1093. **■ *• hold: 

Let A B C be the given vector triangle. Construct 
--' an equilateral triangle ABD externally on the side" 

A NOTE ON THE UNBALANCTNr FA r-rnp A B ™ ■ 1 Then the m ±f nit ude of the forward 

OF TIIREE-PHASF SY«iTFM« CTOK CD/V 3. If we construct the 

ihkIbJd-1 IIAsE SYSTEMS triangle ABD' internally as in Fig. 2, we get CD'/ 

By A. Pen-Tung Sah V3 as the magnitude of the backward component. 

Material & process Eng. Dept, westbghouao Eiec. & Mf g . co. The lengths CD and CD’ are readily computed. 

In an article appearing in the A. I. E. E. Journal for „£ m by the law of cosines, we have— 

March 1927, Prof. A. E. Kennelly gave the following 8 d ~ C ^ = b * + c ' ~ 2 b c cos (60° -f- ABAC) 

Vr.ir PYnrDcoionfif/\«-- j* _ii a . . 


, ‘ u. nennelly gave the following 

analytic expressions for computing the forward (positive- 
phase or direct sequence) and backward (negative-phase 
or reverse sequence) components of a dissymmetric 
three-phase vector triangle. 


(A) 


d 2 


i ? 2 = 


-f- b 2 -j- c 2 
6 ' + 

a 2 -f b 2 + c 2 


2 s 


= b 2 + c 2 - 2 b c [ ~ cos z B AC 

■ + 

VB 


-sin z 


sac] 


VB 

2s 

vT 


As g b c sin z B A C = Area of ABAC — s and 


in which a, b, and c are the lengths of the vectors forming 
the triangle and s its area; d and e being the magnitudes 


3 d 2 


2 b c cos z B A C = b 2 -f c 2 - a 2 , 
b 2 + c 2 -~ (6 2 + c 2 - a?) + 2 VB s or 

a 2 + b 2 + c 2 2 s 


+ 




6 ' 

which is the first equation in (A). * 

Similarly, 

3 e 2 = C D’ 2 - b 2 + c 2 ~ 2 b c cos (60° -ABAC) 

" ¥ + c2 - 2&c [^-cos ZBAC + V^. sin z SAC 1 

u -J 


= b 2 + c 2 - ~-(b 2 + o 2 


a. 2 ) 2-1/3 8 


e. f e‘ 


j2 _ 


o 2 + 6* + c 2 
6 


2 s 


v V 3 

ll * rI f ? r . ward and b f ckwa f d “mpoMnts respectively, which is the second one of the relations fAl 

Jlttr* eXPr ““ W ' h6 “» , bn . passing it should be note^tiM^the^constructions 

lerein given do not give the correct phase relation of the 
/ R v AJ + A 2 AJ-A, 2 ^ m P°^ ei J ts - To get the correct phase relation the 

\ ) d - g > e ~ -. * ine G D ^ ias to f> e rotated through an angle 30 deg, 

counter clockwise and C D' through 30 deg. clockwise 

where A m is the r. m. s. of the sides of the given triable t0 g f t the respective Positions of the forward 

A BC and A. the side ta*h of an cSSSS £1^ ™***** V *factor is 
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Lightning Protection for the Oil Industry 

nV Ti 1 D Cl riTT I 7 ^’l ' f .Vi i-r-v . 


by E. R. SCHAEFFER 1 

Assoiiate,, A. 1 , E. E, 


. Synopsis,—Building safe storage for the products of the oil 

inusl ,V l S f tUe e differenl Vroblemfrom making the storage already 
m use safe from fires started by lightning. The latter problem is dil 

T tk Pnnciplcs 10 be observed. Details of construction 

sZZ r te f Z U CHMCUU l ° 0ive general rules ' A rec °r<t of 

■ Z hunAred installations over a period of about three years is 
„ W °% k Wiih mtdl models in laboratory has been successful in 


hoZevT™' 11 ^ UnWUC l ° ^ l0 ° mWk ° n Wrk of Lhis kind > 

Since the scat of the charge under a storm cloud is largely on pipe 

sZdJTZ' ^ n Tf PaHs in th ° oil fields ‘ W>‘ning devices 
should be securely attached to these structures. A network of pipe 

hues at or near the surface makes a belter ground for towers than a 
single shaft driven vertically downward to permanent moisture 


— - m vcuiuus containers. The most com¬ 
mon are steel tanks, spaced on 300-ft. centers, usually 


AX account of the magnitude of the quantities in- and at a readable cost ^ItfstheuZl f «° 

^ - c ° m * 

sents great difficulty. When we associate the two in 
an attempt to design protection against lightning for 
the od industry the problem is very complex and its 
solution will not be simple nor easily attained. Any 
hope of success in such an undertaking must rest on 
mat-hand knowledge of the conditions under which 
nres most frequently occur, knowledge of details of 
construction, the varieties of construction used by 
i erent companies, special hazards arising from daily 
operations, and the effects of corrosion. 

There are two distinct phases to consider; first, to 
design an oil tank which will be inherently safe against 
lghtnmg; and second, to design a system which will offer 
a high degree of protection for the storage tanks in 

“TL“LionofS^^ ™‘t ll6 /L i me i r ete, ‘’ 8 ° ft hii!h ' and havin 8 » 

Thqory and p^e hefh fudiel fha t SSSSS ^f Sfi « 

. . . a ,ar « e camber still have wooden roofs or decks' 

covered with sheets of galvanized iron or vapor- 
resistmg paper and waterproofed fabric. In some 
localities, corrosion is so bad that steel decks last less 
than two years and only a wooden deck can be used, 

,, 18 ^Particularly true where the sulphur content of 
e crude oil is high. In California and also in the mid- 

__ continent field there are a number of earthern reservoirs 

Fig. l—S howing the Effects on Mbtu, shww'v ,°i "Lu ar f bued with reinforced concrete and 

to-Wood Ducks Caused by Temperature Changes and'by Som^nf'fl W °° C S * m ’* ar to fc b° se Used on tanks. 

Filling i™ --- m - -- Some of these are circular, having a radius of 260 ft 
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Fig. 2 A Minor Discharge Between the Roofing 
Material and the Vertical Steel Shell at the Eaves of a 
Tank which is not Vapor-Tight May be the Cause of a Fire 


iiH P 





Mm 

• mm 

/T%3 
•• ^ 

\:Wm. 


"$m 


■m 


M 




"M 

rmi 


■fMMi 




Filling and Emptying the Tank. In Many Cases "the 
Effects of Corrosion are Just as Bad 




-> a i auius ui ZOU It. 

01 more, while others are ovals of radius 300 or 400 ft. 

600 non? K non ma ? 00 ft ‘ The ca P acities run from 
500,000 to 5,000,000 barrels. 

It is common practise throughout the oil fields to 
gage and sample the oil from hatches on the deck. 

Ot the Jobns-M«iyj]' e> Ine,, New York, N. Y, hatch® I^lMAMdttecie^vS dSnfSth 

STc ! u A - *■ *" c^°T 7 th0 ? u° f Cl0sinB but few St which be 

application. . Complete copies upon considered gas tight. 

- 136g If thls bri ef deseription properly defined the problem, 


?hp 1 'J aS ; tight /« nk iS thS best type of construction. 
The so ution of the second problem is difficult and at 
best will result in an approximation, but for the present 
itis the more important. There are millions of dollars 
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• SCHAEFFER: LIGHTNING PROTECTION FOR THE OIL INDUSTRY 

much could be done in an experimental way with 
modek Unfortunately, however, there is a great mass 
ot detail which seriously complicates the problem 
Other tank fittings and arrangements of pipes vary so 
widely from one company to another than it is necessary 
to examine the design and installation of each company 
and frequently of each tank, for appliances which are 
liable to give rise to sparks during electrical storms, 
special hazards introduced by the location and charac¬ 
ter of structures near oil storage complicate the prob- 



iNSULATiOH- 



Fia. 3 Cross-Section of the Eaves Construction which 
is Flexible and Vapou Tioht. It Ifl Composed o H 
Insulation, USWy IIaiu Felt, and Roofing Fabrics 

lem still further and discount any scheme of protection 
which is based entirely on the behavior of models of 
, isolated miniature tanks and devices in the laboratory 
While the main lightning discharge is so powerful that 
it is liable to cause fires under any conditions, it is not 
necessary that an oil container receive a direct light¬ 
ning discharge in order to cause a fire. S(jme years ago 
when little or no precaution was taken in the refineries 
against escaping gases, it was not uncommon to have a 
number of fires resulting from a single lightning flash 
■ m the vicinity of the refinery. Under such conditions, 
on y a small spark is necessary to cause a fire, and it is 
well known that such sparks due to the surge of electric 
quantity across the earth's surface or to induction have 
caused fires at a considerable distance from the point 
which received the main discharge from the cloud. To 

7™?^®%°"® large com P an y erected a tower about 
120 ft. high in one of its tank farms. A few weeks later 
the to,wer was struck and two tanks were fired, one tank 
about 200 ft. away and the other tank about 900 ft 
from the tower. The disastrous fire at Monterey,’ 
California in 1924 was caused by lightning setting fire 
to a tank when the main discharge was received by a 
tree 78° ft. away. The reservoir fire at Coalinga in 
1924 was caused by lightning-although the actual flash 
was seen to strike on or near a .pipe lme about a quarter 
of a rnile fiom the reservoir. The great reservoir fires 
at San Luis Obispo and at Brea, California in April 1926 
were unquestionably caused by lightning. It is not 


known whether the latter fires were caused by direct 
i s oi by minor sparks which accompanied the light- 
mng d^charge. The reservoir fire at Bakersfield a few 

dipppf f'f Tr , reported t0 have >en caused by a 
duect stuke of lightning which tore a hole in the deck. 

ihis reservoir was a simple earthern pit without rein¬ 
forced concrete lining and it contained fuel oil. 

hi! 1S nnp( ff bl T e t0 sa y what Percentage of oil fires have 
been caused by direct hits and what percentage by small 

i?kvL° r Se r'f y ® ffeets ' but from tbe available data, 
it is leasonable to conclude that a large majority was 

caused by secondary lightning discharges. 

Evidently, in the daily handling of large quantities of" 
mfiammable material and in the storage of such material 
m containers that are not actually gas tight, tWe is 
great danger that small sparks, which always accompany 
lightning discharges, may cause a fire even though the 
lain discharge J^e several thousand feet away. Sparks 
cmed by tbs ifce over surfaces of varying JS 

earHii g r m Paths ° f cbfferent impedance, when the 
eaith s charge disappears at the instant of a lightning 

flash, are most certainly the cause of a majority of the 
fires and explosions in the oil fields. * 

In a general way, there are three conditions to fulfill 
discharge 1 ^ 111 " 1011 ° f 0n 0il property set minor 
L . With the exception of one breathing vent, the 

containers must be kept closed, 

2. Isolated pieces of metal in or near the vapor 
space must be grounded and all loose joints between 
metal parts must be eliminated to prevent the possi- 
oility of sparks, 

_ 3. The vulnerable areas should be enclosed by a 
Faraday cage or network, completely enclosing the 
non-metallic parts and securely grounded. 



Fig. 4—A Winch Box on the Deck. 

Vapor Tight 


The* Cover is not * 


0* 

When it is realized that all this must be done at small 
cost, without cleaning the tanks, and frequently when 
the tanks are filled with oil, the magnitude of the 
problem is apparent. 

The design and construction of a suitable network or 
cage is the most important thing to be discussed here, 
buch a network was first designed and applied to 
wooden roofed tanks which had been covered with he^t: 
insulation and had been made vapor tight with flexible’ 

materials to prevent evaporation losses. 
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If a network of wires is placed under the heat insu¬ 
lation and roofing material, the wires would have to be 
very close together to prevent sparks between and 
below the plane of the wires, in or near the metallic 
fittings on the deck. There is danger also that when 
under storm conditions the charge on the deck is 
suddenly released by a lightning discharge, the roofing 
material may be punctured. This is particularly 
likely to happen at the edges of tank fittings or at the 
eaves where shallow pools of water may collect directly 



Tig. 6—An Over-Shot Filling Pipe Passing Through a 
Large Hatch on the Deck 

over tlie angle irons of the tank. If some material such 
as poultry nettingris used there is great danger of sparks 
at the mechanical junctions where the netting is at¬ 
tached to the tank and at the edges of the strips of 
netting since all junctions must be purely mechanical. 
If a network of small mesh wire is placed directly over 
the roof and resting on it, there is the same danger of 
sparks occurring and, in addition, it would be again 
particularly difficult to deal with tank-fittings where 
gases escape during changes of temperature of the vapor 
space or during the time the tank is being filled. Since 
only mechanical junctions are permissible, and these are 
very,likely to spark during high-potential discharges, 
it is important that such junctions are not in a region 

where there is an explosive mixture of gases. 

This factor, as well as the high cost of installing a 
network of small mesh and the danger that it would be 
damaged by workmen on the tank, made it necessary 
to consider a network of wires raised some distance 
above the deck. If wires were stretched across the 
deck it is necessary first of all that they be high enough 
so men can work under them. Since the purpose of the 
system of wires is to reduce the charge which may 
collect on the deck under storm conditions, and to 
provide a low-resistance path to ground when a light- , 
mng discharge occurs, the network must be grounded 
in a satisfactory manner. It should be securely 
attached, to the tank itself and additional precaution i 
should be taken to protect the eaves of the tank, since i 
it is well known that most of the fires start there. The 1 
most obvious design then was a system of wires extend- ] 
ing radially from a central wooden post at the peak of ] 
the deck to a cable supported above the eaves. This t 
cable would have to be about 7 ft. above the eaves and s 
supported preferably by metallic members attached to i 
the tank as securely as possible without welding. It 


was necessary then to determine how far apart such 
wires should be and, if possible, to measure the degree of 
protection that such a distribution of conductors would 
offer, or at least find the ratio of the charge on the 
elevated conductors to the charge on the tank roof when 
a charged cloud was overhead. 

Preliminary tests were made on a wooden platform 
about 12 by 20 ft. covered with hair felt and saturated 
paper similar to the construction for vapor tight tank 
roofs. This deck was set up 2 ft. above the floor in a 
large room with a system of four parallel No. 4 copper 
wires arranged 6^ ft. above the deck. The spacing of 
these parallel conductors was varied during the course 
of the experiments from a few feet up to the entire 
length of the deck. Above these parallel wires was a 
cloud of poultry netting, 10 by 24 ft. suspended from the 
ceiling by cotton tape. This netting was connected to 
one terminal of a large transformer; the other terminal 
was connected to the parallel wires over the deck. At 
one edge of the roofing platform, this grid was dropped 
vertically downward to the deck and grounded. The 
surface resistivity of the saturated paper on the deck 

i W m /S? te v high When S e SUrface was dr y> being about 
100,000 ohms per cm. This was reduced by a large factor 
when the paper was wet. 


. 


D 


^potential Lines in the Current Sheet. 

(a a a ) T™ T 011 ™ E < ? UB,WNT WHICH Flowed to the Grid 
(a a a) Indicates the Amount or Screening Produced hy 
the Grid in the Electrostatic Case 

A number of methods were tried for determining Jthe 
potentials at points in the field between the deck and 
the poultry netting, particular attention being given T to 
the region between the deck and the plane of the grid. 
None of the methods tried was considered satisfactory. 
However, equipotential surfaces were plotted and it was 
estimated, from the shape of these equipotential 

that the amount of protection given was 
about 75 per cent. 

The equipotential lines in a current sheet can be 
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easily studied and this gives a simple method for getting 

set rr d inforn f t J on - Accordingly, apparatus was 
set up to represent the cloud, a parallel grid and the 
earth m cross-section and the work carried out in a small 

cloud n a nfr^ tr f' Refe ™ ng t0 Fig - 6 CC is the 
iLa D - w^ d6ck or plane t0 be Protected and a a a 
the gild; that is, the points of intersection of the wires 
with the vertical plane perpendicular to the wires. 
ih f tray bad a P late glass bottom about 24 by 36 cm 
and contend dilute salt solution to a depth of aboui 

oiie'tem.vl'f r ™?. ( ° C) Was abapof brassand formed 
one terminal for the current sheet in the tray. The 

protecting wires (a a a ) were small pointed brass rods 

™ 6d tT a borizontal bar supported above the 
watei. These rods were all adjusted in length so that 
they just touched the glass tray. The bar holding these 
rods was connected to the bar (DD) representing the 
deck and these together formed the other terminal. 

, S '"! •° W T J° tage ’ 600 cyc,es > equipotential lines as 
shown m Fig. 6 were obtained by using a telephone 
receiver and exploring points. 

r>Mv e « D D Was moved down ward to the new position 
, D , .^e eqmpotential surface dropped down as indi¬ 
cated m the figure. In order to get some idea of the 
screening action of the grid, the bar holding the points 
(a a a was disconnected from DD and the currents which 
flowed from C C to the grid and to the deck (D D ) were 
measured. These currents were measured for a number 
of different positions of the cloud CC and of the deck 
Also the spacings of the points aaa were changed. 

I he latio of the current flowing to aaa and to DD 
was taken to he the value of the protection offered to 
the plane DD by the wires (aaa). This ratio was 
practically independent of the position of CC so long 
as (7 C was more than three times the spacing of a a a. ‘ 
It depended very much, however, upon *he spacing ( 
between the wires (aaa) and the distance from these 
wires to the plane (D D). So long as the bar (C C) was i 
some distance away from the grid the ratio of the spae- , 
mg of the grid to the elevation above D D determined ^ 
the amount of protection. 

Maxwell calculated the screening effect of a grating \ 
of equally spaced parallel wires on a plane surface r 
para el to the grating. This is the simplest case and c 
is probably the only one that has been solved mathe- t 
matically. The formula derived by Maxwell 2 gives t 
the density of charge induced on the lower plane when 
• gI | a * ag . ls ]n ferposed. --Tbe density of this charge o 
is to that induced if the grating were removed as A 


( 2 sin ir) 


Spacing of wires Height of wires Calculated protection 


3 ft. 
5 ft. 
7 ft. 
3 ft, 
5 ft, 
7 ft. 
10 ft. 


7 ft. 
7 ft. 
7 ft. 
10 ft. 
10 ft, 
10 ft. 
10 ft. 


86 per cent 
75 per cent 
66 per cent 
90 per cent 
81 per cent 
"73 per cent 
65 per cent 


A large number of readings were made then with the 
current sheet to get values indicated for the protection 
offered by a grid. The percentages were all from 1 to 
6 per cent higher than those calculated. While the 
experimental method is probably not capable of great 
accuracy, it did indicate a procedure for studying cases, 
which are too complicated for mathematical solution. 

The experiment with the current sheet is so simple 
and the results obtained were apparently so satisfactory 




Fro. 7 Cjiobs-Section op a Tank Protected by a System 
of Paralbbi, Wires 7 Ft. on More Above the Deck. The 

0 , 7 stmZZZir 2 Pma 


1:1 + 


« Q >1 + 6 s) 


where b t is the distance from the. grating to the lower 
plane, b 2 the distance from the grating to the upper 
plane and a is a function of the spacing of the wires 
given by th e following expression: 

2. “Electricity and Magnetism," Volume I, Article 203. 


that it was decided to study the cross-sections of details 

™ a ^ c . b larger seale - A large piece of plate glass 
40 by 60 ra. was used as a tray. A cross-section of a 
storage tank was inserted at the base of the tray over 
which was arranged a cross-section of the proposed 
network. The currents flowing to the cross-section 
of the deck and to the grid were again measured. In 
this case, the deck was receiving 13 per cent of the 
total current. 

The records of tank fires show that in a large majority 
of cases, the fires start at the eaves of the tank? 
Accordingly a large model of the eaves construction 
was made and the proposed plan for the grid installed in 
cross-section. Fig. 8 shows the reproduction of the 
equipotential lines traced for the eaves construction. 
It was not found possible with this arrangement to 
trace equipotential lines under the grid when the wires 

^ P a ml d VeiT 1 ^° Se together on the vertical bracket 

tw N hlS m 0d t made t0 scaIe ’ on the supposition 

stalled 7 at S 16 t0p of the bracket was to be in¬ 
stalled 7 ft. above the eaves and extend outward beyond 
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the eaves, about 3 ft. It is evident that a network must 
not only cover the deck but it must enclose it. While 
a fairly large spacing of the wires is probably satisfac¬ 
tory' over the deck, the region over and around the 
eaves should be protected with a wire net of small 
mesh. 

Since an actual installation gives a cage which is 
much more effective than a system of parallel wires, 



Fig. 8—EquiFOTENTiAL Lines at the Eaveb of a Tank 
Protected by a System of Wires, The Protection is 
Increased by Placing Wires Close Together on the 
Vertical Bracket vv 

which this last model represented, it was necessary to 
build a model and devise a method for getting the 
effectiveness of a miniature network. So a tank model 
was made to be tested for the three-dimensional case. 
The tank was built of a wooden'frame on the scale of 1 
to 40 for the 55,000 barrel tank. Galvanized iron was 
used"for the tank and a system of radial wires applied 
to scale according to the proposed scheme. The cloud 
consisted of one-in. mesh wire screening, 5 ft. by 10 ft. 
A vibration galvanometer was used merely as a sensitive 
a-c. ammeter to measure the charging current to the 
capacities formed by the network and the roof. Charg¬ 
ing currents are proportional respectively to the capac¬ 
ities and to the charges that collect on the network 
and the roof. The results obtained this way were 
checked by using a ballistic galvanometer for com¬ 
paring capacities. The ratio of the deflections gives 
directly the ratio of the charges desired. Measure¬ 
ments with the vibration galvanometer gave 96.8 per 
cent of the charge on the network. The ballistic galva¬ 


nometer gave 98.4. This is the ratio of the charge 
which collects on the shell of the tank mode and the 
network to the charge which co'Iects on the insulated 
metal tank top under the network. 

Some tests in the field have been made to get an 
approximate idea of the efficiency of this network as 
actually installed on a tank. The attempts to measure 
the effect directly indicate that the efficiency is greater 
than 90 per cent. A more accurate result cannot he 
given on account of the difficulty of measurement and 
the crudeness of the apparatus used. The method 
consisted in measuring simultaneously the quantities 
of electricity discharged, at the time of the lightning 
flash, from a section of the network itself and similar 
conductors protected by the network. An improve¬ 
ment of this method will in all probability yield valu¬ 
able information concerning the size of mesh necessary 
to reduce secondary effects to an even greater safety. 

The ratio of the spacing of the radial wires composing 
the network to the elevation above the deck has a maxi¬ 
mum value of five to seven over surfaces which are poor 
electrical conductors. The minimum value of the 
spacing was 18 in. at the eaves. Certainly this spacing 
of wires is too great unless conditions are very favorable. 
It is of the greatest importance to eliminate poorly 



Fig. 9—Double Angle-Iron Brackets on the Tor Ring 
of the Tanks Hold the Peripheral Cable to which the 
Radial Wires are Attached 

connected or isolated pieces of metal wherever possible. 
When this is not possible, it is necessary to use a screen 
of small mesh. The smaller the mesh the more com¬ 
plete the protection but the smaller the mesh the greater 
the cost and in rrtost cases the. greater the difficulty of 
application. Since most fires start at the eaves of the 
tanks it is advisable to increase the protection at this 
point. While the spacing of wires over the tank 
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proper may be satisfactory the spacing in the vicinity • 
of the eaves should not be greater than 1 ft., Welded 
mesh wire with a 4-in. spacing should be installed on the 
steel brackets. This mesh wire should be 6 ft. wide and 
should extend completely around the tank at the eaves. 
The lower edge of this mesh should be at least one ft. 
below level of the angle iron on top of the tank shell. 
Above this width of welded mesh, No. 12 wires should 
be installed one ft. apart on. the brackets and on the 
radial wires over the eaves. 

If economy were not an important consideration 
many special problems and difficulties could be avoided 
by using a network of sufficiently small mesh. A grid 
of wires may reduce effects to a very small fraction but 
this may not be enough if the structure to be protected 
is fundamentally bad, or whenoperating conditions are 
such that fires may be easily started. A large quantity 
of gas is given out when crude oil is pumped into a 
tank and a lightning discharge near the tank at this 
time is very dangerous regardless of the protective 
devices. When oil is pumped out of a tank the air 
entering makes an explosive mixture and a very small 
spark will destroy the tank. 

The over-shot pipe which passes through an open 
hatch is still in daily use in some places and may 
occasionally be used in emergencies by the most careful 
oil men. A surge along this pipe line is likely to cause 
a spark where the pipe passes through the tank roof and 
of course such a spark would ignite any vapors present. 

In most cases the breathing vent is installed on the 
deck. These vents, fitted with fine mesh screens, are 
usually low but in some cases extend 5 ft. or 6 ft. above 
the deck, and, in one case, over 20 ft. This extension 
was made so that if the vapors catch fire the flames will 
be high enough above the deck to prevent setting fire 
to the roofing materials. Probably the,most satis¬ 
factory solution here is to avoid anything over 4 ft. 
high and to install a net of 2-in. mesh wire on top of the 
grid composing the main network. 

; A large nuinber of special problems have been con¬ 
sidered during the past'three years. Much experi¬ 
mental work has been done with models of tanks, of 
reservoirs, of gas collecting systems, and other construc¬ 
tion details, using various types of electrical discharges. 
In some cases the results of work seemed to be definite 
and conclusive but in themajority of cades such experi¬ 
ments were unsatisfactory. Several investigators have 
made use of small models and unquestionably much of 
value has been learned in this way. However, one thing 
fe||hrrt ii |h t. nut very clearly during the course of this study 
vras that the greatest care must be exercised in the 
interpretation of results in laboratory tests on models. 
It is quite possible to make a device or small model 
and apparently prove it satisfactory when experience 
under actual conditions shows it is ilot. Even though 
the models, cloud elevations, and voltage are reduced to 
a convenient scale, there are some factors which cannot 
be so reduced and, what is just as important, there are 


always conditions in actual practise which are quite 
impossible to simulate. Unfortunately, it takes several 
years to accumulate information in the field which 
could be obtained in a few weeks in the laboratory. 
But if the field record is from a large number of appli¬ 
cations and the time includes sufficient number of severe 
storms the information is, of course, of prime value. 

The network essentially as previously described has 
been installed on about 800 tanks during the past three 
years. These tanks are well distributed from Pennsyl¬ 
vania and New York, through Louisiana, Texas, 
Oklahoma, Kansas to California. The first and .the 
largest number of installations was made in the njid- 
continent fields where the damages from lightning in the 
past have been very heavy. In a group where' there 
are over 100 protected tanks, one tank was fired by 
lightning just two years ago. There have been no 
losses in this group since. In an equal period of time, 
including nearly the same number of storms, prior to' 



Fig. 10—Water Seat, for the Eaves of a Large Reservoir 
in Course of Construction. The Trough is Concrete 
Reinforced with Weeded Mesh Wire. Sheets of Zinc 
are Nailed to the Deok and Bent Downward into the 
Trough. The Wood Deck is then Covered with Roofing 
Paper 

the installation of the networks, nine tanks, in this 
group were fired by lightning, 

Several other fires have occurred on protected tanks, 
hut always on tanks which, on account of operating 
conditions, were particularly susceptible, and which 
could not properly be considered to have a fair degree 
of protection. In two cases the hatches were open and 
the tanks were being filled with Oklahoma crude when 
the tanks received a direct lightning discharge. In 
two other cases the heat insulation and vapor tight 
roof had been installed over loose metal sheets. The 
oil had just been pumped out of these tanks leaving a 
mixture which exploded when struck by lightning, blow¬ 
ing the entire roof off the tanks. It is too much to 
expect a simple inexpensive network to protect tanks 
containing explosive mixtures and so constructed that 
there are numerous air-gaps between disconnected pieces 
of metal. Only one fire has occurred with conditions 
under which the network should have been effective. 


. • • 


















1364 


SCHAEFFER: LIGHTNING PROTECTION FOR THE OIL INDUSTRY 


Journal A. I. IS. K. 


In all other cases, the fires were due to changing con¬ 
ditions during the process of normal operation of mov¬ 
ing the oil or due to causes otherwise avoidable. Elimi¬ 
nating those cases where for some reason the tanks were 
open, the reduction in the number of fires for a period 
oif two and a half years amounts to over 90 per cent. 

It is definitely known that some of these fires were 
started by primary discharges and it is probable that 
all were started in this way. Certainly some of the 
fires could havg been prevented if towers had been used 
to protect the tanks from direct lightning discharges 
although in several cases recently reported, no fire 
* was started when a direct lightning discharge was 
received by the network. 

Thfe large ground reservoirs presented new difficulties, 
but the enormous value concentrated into a relatively 
small space, justified greater expense in building a pro¬ 
tective system. The cooperation of several of the 
'California companies in working out details of construc¬ 
tion, and their excellent scheme for reducing the oxygen 
content in the vapor space of the large reservoirs, by 



Fi«. 11 Construction on the Embankment of a Large 
Reservoir Showing the Peripheral Cable, Grid and in 
the Background, a Steel Tower 

the introduction of flue gases, made possible a degree 
of protection of the highest order, 

A million and a half barrels of oil may be stored under 
one roof, half underground, on about 10 acres which 
otherwise would require 30 tanks on at least 50 acres 
These reservoirs usually have a lining of concrete 
^ 8 by 6-in. welded mesh wire Noll 
The-mesh is 10 ft. wide, lapped 6 in. on each strin 

ThltSh 1 ^ t0gethGr with -Pieces of soft wire. 
This mesh wire is carried up to the eaves and is covered 

With concrete. The bottom of the reservoir usually 
contains several m. of water and above this the depths 

ly S T„ t o T" as 30 ft - A numbw - 5-21 

usually 16 Tw reserv01r > the main lines being 
there f s utallv f th P1P< 7 , Surroundin S the reservoir 
hXnts 

the best means for grounding lightning 

uJforTnumber S or appliances whi< * have been in 
number of years suggested that a peripheral 


cable grounded at frequent intervals is probably the 
most satisfactory and economical protection for the 
eaves of the ground reservoirs. If this is supplemented 
by a number of steel towers arranged around the reser¬ 
voir, a high degree of protection should be obtained 
against primary lightning discharges. A grid of wires 
over, the entire deck would raise the charge under a 
storm cloud, above the deck and provide a path for the 
surge which otherwise would go over the deck when the 
cloud discharged. 

Accordingly, telegraph poles were installed 40 ft, 
apart on the top of the embankment of the reservoirs 
about 12 ft, out from the eaves. These poles are 12 
ft. above ground and are listed about 2 ft. outward from 
the reservoir. A %-in. stranded steel cable is supported 
near the top of these poles and extends completely 
around the reservoir. One or more guy wires, extend¬ 
ing from each pole, are connected to this peripheral 
cable the guy wires serving the double purpose of 
mechanically strengthening the system and affording 
good grounding connection. These grounds consist 
of metallic screw anchors and are all connected together 
by an underground copper cable which, in turn, ia 
grounded to all of the pipe lines in the vicinity of the 
reservoir. 

A detail map of an area that has been developed by an 
oil company shows a maze of pipe lines of many sizes, 
steel tanks, ground reservoirs and, in many cases, 
stills and steel towers if the storage is near a refinery. 
Evidently the charge on the earth under a storm cloud 
is distributed over these conductors and, when the cloud 
is discharged, surges travel along pipe lines and over 
wet ground toward the point where the lightning strikes. 

If this view is correct, towers, cables, and grids should be 
securely attached to tanks and to pipe lines on or near 
he surface, When a tower in this area receives a 
lightning discharge the charge on the earth’s surface 
would collect principally on pipe lines and travel in a 
surge toward the tower. 

A number of simple resistance measurements were 
made in the oil fields of Oklahoma, Texas, Louisiana 
mid a number of places in California which indicated 
that the pipe lines were quite satisfactory for grounding 
lightning devices. In several locations distance 

£7^ s,n; e t* z the casing ° f 

om ou to dOO ft, deep. From thew u. . 

the a kt? ied that r lines were we]l £ roun ded and from 
the latter a number of tanks were found to make good 

contact with the earth. Although severarhunZd 

measurements have been made, in no caseh J u hilt 

ound that the resistance of a pipe line to ground or of a 

steel tank amounted to more than half an ohm 

is sometimes considered necessary to sink a shaft 50 

grouniTl^^i^toln^towem^Surety'^lris 5 ^ 8 ^ * i g0 ° d 
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As Affected by Transformer Ratio Control 
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Associate, A- I. E. E. 

Synopsis«—Operating characteristics of inter connected systems A comparison is made of the use of synchronous condensers for 
in which voltage is maintained conskmi by varying field of the the purpose of improving regulation as compared with the use of 
generators is compared with operating characteristics, when , in transformers equipped xoilh ratio control. 

addition to the control of generator field, transformers equipped with The elementary conditions which govern the current distribution 

ratio control arc employed. The use of transformers with variable in a loop t L, are determined in terms of impedance characteristics 
ratio introduces a flexibility in operation which permits the division of the net-work. The equipment necessary to control the current 
of wattless currents between generating stations independent of distribution and at the same time maintain good regulation in*lhc 
voltage held at the generator hisses. loop are indicated. * . 


T HE steady and rapid growth of the use of variable 
ratio transformers in connection with intercon¬ 
nected central stations makes it of interest to 
state the fundamental characteristics of apparatus in 
systems which make these equipments desirable. 
In a paper 2 before the Institute two years ago, Mr. Al¬ 
brecht indicated their field and compared their charac¬ 
teristics with induction regulators and synchronous 
condensers. The purpose of the present paper is to 
focus attention on a few of these characteristics in order 
to indicate how quantitative values may be obtained. 

The various kinds of voltage control now being used 
on power systetfis are: 

1. Voltage control by meansof generator field current, 

2. Synchronous condensers or phase modifiers by 
means of which the power factor in transmission lines 
is improved and thus better regulation obtained, 

3. Voltage ratio control, either by means of trans¬ 
formers or induction regulators. 

The above methods of voltage control will be con¬ 
sidered in connection with specific, typicaj cases, al¬ 
though in the most practical instances it is admitted 
that the problem is more complicated than the assump¬ 
tions of this paper imply. The principles as outlined 
here, however, are applicable, with proper modifica¬ 
tions, to the more complicated ones. The four typical 
cases to be discussed are: 

1. Where two generating systems are connected 
by means of transmission line and power may flow in 
either direction, 

2. Where two generating systems are connected 
by means of transmission line but one-way flow of 
power only is required, 

3. A generating system with a synchronous condenser 
floating on the end of the line, 

4. Transmission line loop. 

1. Transformer Engineering Dept,, General Eleotrio Go., 
Schenectady, N. Y. 

2, H, C. Albrecht, Transformer Tap Changing Under Load, 
A. I. E. E. Trans,, Vol. 44, 1926, p. 681. * 

Presented at the Regional Meeting , of District No. 1 of the 
A. I. E.E., Pittsfield, Mass., May 26-28, 1927. ; Complete copies 
upon request. 


Case I: Two-Way Flow of Power Over Transmis¬ 
sion Line Connecting Two Stations 

With two central stations connected together by _ 
means of an interconnecting transmission line (Fig. 1) 
the operation of the system involves the control of: 

1. The division of energy between the two stations, 

2. The division of wattless kilovolt-amperes, 

3. The voltage at the two busses. 

The controls available are (a) throttle control, 
(b) field control, (c) voltage ratio control. It is evident 
that the division of energy between the two stations 
is not determined by the electrical characteristics but 
by the characteristics of the prime mover and the 
throttle control. Field control at the two stations 
does not affect the energy flow, but determines for each 
load demand the voltages on the two busses, together 
with the division of reactive kilovolt-ampere between 
the stations. But field control cannot independently 
determine the bus voltages and division of reactive 
kilovolt-ampere. Either can be controlled, but not 
both simultaneously; thus the field control may be 
used to hold the bus voltages equal and constant for 
all loads, under which condition the division of re¬ 
active kilovolt-ampere between the stations is deter¬ 
minable but uncontrollable. Conversely, by means of 
field adjustments it is possible to control the division 
of reactive kijovolt-ampere between the statiohs or 
what amounts to the same thing, the power factor in 
the line, but when this is done, voltage control on^ the 
two busses is sacrificed. The voltage of one point on 
the system may be held constant, but the other bus 
voltage will vary through a range which is equal to the 
regulation drop between the two busses. 

In order to control, independently of each other, the 
three characteristics, namely, energy divisions reactive 
kilovolt-ampere division, and voltage at both busses, it 
is necessary to introduce a third independent control. 
This is readily accomplished by introducing variable 
voltage ratio between the two busses variable under 
load. 

Thus, by means of the insertion of variable ratio 
between the two busses, it becomes possible to maintain 
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fhnf Sf CO f tan ! f a11 l 0 M ds ’ whic L h means Volta V e Rations. We shall assume that the load to 

* onrl off ho d \° P be , twee /! the twobu sses is be delivered may be concentrated on either bus of the 

vision*of current tZeenL t^Z^. with £ SnSnTolt^ ?’ if* ** T* ^ t0 

nexiliility of operation thus obtained, the bus-voltage independent of the lotd deman^ ^ 
of the two stations may be maintained constant, and Assuming that a f 

at the same time the division of current between • Assu “ m £. that the flow of power will sometimes be 

in one direction and sometimes reversed, the regulation 
diop in the transmission line and interconnecting 
transformers should be zero. Therefore, equating 


UIU, VllViQlUlt ui cun tJIlL D' 

stations may be adjusted so as to obtain either 
A. Maximum electrical efficiency, 

Maximum economy in operation 


B. 


* C. Maximum utilization of apparatus. 

Although all three of the above are desirable aims 
it" is rarely possible to obtain them simultaneously! 
ror. example operating for maximum electrical 
efficiency is simultaneous with operation for maxi¬ 
mum economy only when the cost of energy de¬ 
livered by station A to the load is equal to the cost of 
- energy delivered by station B to the load, With 
equa energy cost, the division of current to obtain 
maximum efficiency depends entirely upon the relative 
losses in the two branches. relative 

indudinV h rhp 0St i 0f ene — in b, ‘ anch A and b ™ch 
including the. transmission line, differ materially 

maximum economy is secured by shifting a portion of 

the load kilowatts from the station in which the cost of 

energy is greatest to the other station. This results in a 

rrtuct.on in efficiency „,,t an increasein “1ST 

S the division of reactive kilovolt-ampere for mnx^' 

mum economy is not affected to as great an extern- W 

cost of energy, the currents flowing in the two wf R 
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o A—Equals voltago of bus near load, 
o B—Equals voltago of bus far from load. 
o Equals phase angle of curront In transmission Lino 


for regulation to zero, we have ap« 


0 


the expression 
proximately: 

(% IR) cos 6 — (% / R) sin 0 
from which 

tan 6 = 

%IR 

0 f“ l° rmula ifc is evident that the maintenance 

to,tXe h :Z£nTu n \ V ° lt ^ at *** 
leading power factor cofflfv , 6 tra f smission 1; ne at a 
terminedfrnm Zl. C Af. themIm «*.«** to de 
the line. 


( 1 ) 


gs ~ tSirir 
■s^taasaas* Ss«S?P«3 
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%J_Z 
200 


Station A 

®T 


Transmission Line 


Station B 

-ih® 
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sin a = 


Du ““ » s „„„. 

output, the division of current must i 
tain the maximum utUization lf f? be such as to ob¬ 
it is a relatively simS “\! the ^P^us. 
of the extent to which the \° ° btain a meas «re 
the maximum load which a dven * 10 ? ntro1 increases 
to a given point without fia Sl System can deliver 


at fc * le busses. This mnv h ^ g cons tant voltage 
quantitatively the KmiS IV by dete ™ining 
Wem is operated when the 

field control are employed. y hrottle and generator 
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OB - v°!; age °! busnearlo ad, 

2 f I p,° ltageof bi ,s far from load, 
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j ase an ^e of current in 
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at the two busses. This may be !I!f C( ? nstant v ohag e load end, , current m transmission line at 

quantitativclv i.v t. s ,. ay be done by determining %IR&(y T ,y _ . uneat 

and step-down transformers ! 00 ^^ 68 includin g step-up 
which it CSl"to P ^ 
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o ^—Equals current in transmission lino 

" A—Equals current at Station M A”. 

w ^ Equals load current 

Load power factor cos * equals 05 per cent 

Anglo of load in transmission lino 0 equals 20 dog. * 

under which condition the triangle of current OB A is 
isosceles where 0 A is the load current lagging an angle 
£ behind the voltage, OB is the current delivered by 
the transmission.line at the angle 6, and BA is the 
current delivered by the local bus. A measurl of Z 
effectiveness of the transmission line and distant 
station in helping out the local station is detected 
by the ratio 0 0 / 0 B, the point C being determined 

rart^ ak |?i, <7A BA eqUaI t0 each other ' T} «s 
, which may be called the transmission utility 

» 
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20 ~ 30 

OEGREES 9 LEADING 
F wl PH ASE ANGLE OF CURRENT IN TRANSMISSION LINE 

iQ-i.jA Relation between Transmission Line Charaoter- 
• ISTICS AND Phase Angle for Zero-Line Drop 

factor, can be expressed mathematically by the equa¬ 
tion derived directly from Pig. 3 . . 

T 0 — OC/OB = 2 cos (6 A cj>) — l ( 4 ) 
equation is plotted in Fig. 6 , from which for 
PS values 1 of phase angles of currents in the trans- 


u,t U.S U.O 0 8 

transmission utility factor 

Fiq. 6-Transmission Utility Factor of Transmission 

System and Distant Generator;/= 0.8 

that the kilovolt-ampere rating of the transmission' 
line was equal to the kilovolt-ampere rating of 
the generating stations, and. for that reason the 
current in the transmission line and the current 
in the local generating station were made equal 
to each other. It may be, however, that the kilo¬ 
volt-ampere rating of the transmission line is less than 
the rating of the stations, and for that reason, it becomes 
desirable to consider the case in which the division of 
load between the two stations is unequal. It is de¬ 
sirable, therefore, to have utility factor curves for 
• ♦ 


* • 
♦ 


• «* 


*• • 

4 * 
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various ratios of current in transmission line to current 
in generator nearest to the load. Let 

Current in Transmission Line _ 
Current in Generator nearest to Load 

The curves, Figs. 5, 6 and 7, correspond to values of 
F = 1, F = 0.8 and F = 0.5, respectively. 

It is of interest to note that in all of these cases, 
Figs. 6, 6 and 7, that a transmission utility of 100 per 
cent is obtainable only when the currents in the trans¬ 
mission line and in the generators of both stations are 


5 

£ 0.88 



0.2 0.4 0.6 0.8 1,0 
TRANSMISSION UTILITY FACTOR 

Fio, 7 —Transmission Utility Factor op Transmission 
System and Distant Generator; / = 0.5 

all in phase with the load current, no matter what the 
power factor of the load may be, and thus it is evident 
that the maintenance of constant potential on the two 
busses cannot be obtained under the conditions assumed 
without sacrificing the utility factor. 

Case II: One-Way Flow of Power—Line Drop 
in Interconnecting Line Maintained Constant 
In case I, a two-way flow of power was assumed; con¬ 
sequently it was • necessary to equate the line drop 
to zero. If the flow of power is in one direction only 
it is siffflcient that the line drop be maintained constant 
at all loads. A typical case is to assume 10 per cent 
line drop. For these Assumptions, Fig. 8 has been 
determined giving the relations between the trans¬ 
mission line constants and phase angle of current in 
the transmission line. Fig. 8 is to be used in conjunc¬ 
tion with transmission economy curves, Figs. 5, 6 and 7. 

Example for Cases. I and II 
Transmission utility factors are determined in- the 
following examples, in which constant voltage is main- 
tained at tw o busses, by field control alone.* 

f= 

volt-arnpore !* 1 ' Vh0th ° r ^ 8enerator c °«ld dXerSfS So! 


Two stations, A and B, 14 miles apart, interconnected 
by a 66-kv. transmission line, have a rating of 80,000 
kv-a. At this load, the line characteristics including 
step-up and step-down transformers are: 


Per Cent 

Reactance drop =32.5 

Resistance drop = 7.5 
Impedance drop =33.5 

r/x '= 0.23 

Power factor of load = 86 

To determine the value of using ratio control in con¬ 
nection with the above conditions, it is first necessary to 
examine the operating conditions or limitations which 
exist if the two station busses are maintained at con¬ 
stant potential by means of generator field control only, 
that is, without employing ratio control or other voltage 
regulating devices. These conditions impose upon the 
system the necessity of maintaining the current in the 
transmission line at a definite phase angle, the values 
of which, as determined from Figs. 4 and 6, are: 

For two-way flow of power (Fig. 4) 6 = 22-deg. leading 
For one-way flow of power (Fig. 8) 0 = 4-deg. leading 
The values of transmission utility factor for various 
conditions of operation as determined from Figs. 6, 6, 
and 7 are given in column 4 of the accompanying table. 
This value is a measure of the usefulness of the distant 
station under the conditions assumed. It means that 

PERCENT IZ LINE IMPEDANCE 
..2 S 8 8 883 





60 40 20 p 20 40 

- LAGGING CURRENT- * LEADING CURRENT 

LAG LEAD 
ANGLE 9 IN DEGREES 


Fig. 8 Relation Between Transmission Lin*] Characteris- 
tics AND Phase Angle por 10 Per Cent Ltne Drop 

although in each case the distant generator and trans¬ 
mission line are loaded to the rated kilovolt-ampere of 
the line, they are effective only to the extent indicated 
by the percentages given m column 4. 

C WiTHT R C rr° N S PSynchron °us Condensers 
With Transformer Ratio Control Equipment 

Comparison of Ratings. When used for the 
purpose of enabling the system to hold bus volt 
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CASE Ii TWO-WAY FLOW OF POWER 
Stations A and B Having Equal Ratings, Transmission Lino Rating « 
80,000 Kv-a. 
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control 


Rating station 

lino rating to station 

only 
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ratings 
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per cent 

Fig. 6 

80,000 kv-a. 
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18 

100 

, Fig. 6 

100,000 « 

0.8 
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Fig. 7 

160,000 u 
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CASE II! ONE-WAY FLOW OF POWER 
Station B and Transmission Lino Rating = 80,000 kv-a. 
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Transmission 
utility factor 
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With field 

With ratio 



Ratio transmission 

control 

control 


Rating 

lino rating to station 

only 

only 
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por cent 

por cent 

Fig. 6 

80,000 kv-a, 

1 

02 , 

100 

Fig. 6 

100,000 “ 

0.8 

00 


Fig. 7 

100,000 " 

0.5 

72 

« 


ages at both ends of the line constant and inde¬ 
pendent of load changes, the synchronous condenser 
must compensate for the regulation of the line and inter¬ 
connecting transformers. The condenser floating on 
the end of the line takes an additional wattless load 
the value of which, expressed in per cent of transmission 
line rating, is to be determined. The regulation due 
to the addition of the condenser load must be made 
equal and opposite to the regulation due to load. 
Hence 

[% (Kv-a.), + %. (Kv-a.), 1 ] ' - = % R ( 11 ) 

» 

where 

% (Kv-a.), = Rated leading kilovolt-ampere of con¬ 
denser, 

% (Kv-a.), 1 = Rated lagging kilovolt-ampere of con¬ 
denser, 

% IX - Per cent reactance drop of line without 
.condenser, 

%R = Per cent regulation of line without 
condenser, 

from which the condenser rating can be determined 
when the regulation of the line, without condenser, 
is known. 

The rating of load ratio control equipment for the 
same duty is: 

% (Kv-a.)ttc = ( 12 ) 

Combining equations ( 11 ) and ( 12 ) 

r i :%*ix 

1/2 % (Kv-a.), + % (Kv-a.), 1 J jqq 

% (Ky-a.)Rc ( 13 ) 


which means that line reactance determines the rela¬ 
tive size of condenser and ratio control apparatus for 
the same performance. 

In equations ( 12 ) and (13) the fraction y is inserted 
assuming that the ratio control equipment has equal 
plus and minus ranges. This is generally, but not 
always, the ease. 

These equations determine the sum of the leading 
and lagging ratings of the condenser. They also show 
that as far as voltage control is concesned, it is im¬ 
material how much of the sum is lagging and how 
much is leading. » 

Assuming that the first cost per kilovolt-ampere, of 
ratio control equipment is appreciably less than the cost 
per kilovolt-ampere of synchronous condenser, ft be¬ 
comes evident from equation (13) that the first cost of 
ratio control equipment is inherently much less than 
the synchronous condenser. 

Increased Output of System Due to Condenser. The ’ 
costs of the too equipments are not directly comparable 
owing to the fact that the use of the condenser increases 



Fig. 9—Current Diagram bhowingEbtect of Synchronous 
Condenser on Transmission Line Currents 

the output of the system. The amount can be deter¬ 
mined from Pig. 9. As the maximum load is increased 
by the condenser current, the energy remaining con¬ 
stant, we can write: 

(Kv-a .)l cos = (Kv-a .)t cos 6 . 

t 

or 

cos 0 ..... 

(Kv-a.), - (Kv-a.), — 

where 

(Kv-a.)T = rating of generating plant, 

(Kv-a.)L = Kv-a. delivered to load, 

which means that the ratio of the power factor of* the 
load to the power factor of the line determines the 
increase in kilovolt-ampere of system on account of the 
condenser. * 

Perhaps the best way of obtaining an equable cost 
comparison between the use of a condenser aijd ratio 
control equipment is to determine the extra cost 
involved when ratio control is used to increase the 
system kilovolt-ampere by the ratio cos 0 /cos <£. 
Ordinarily this merely involves providing the generators 
and interconnecting transformers with a correspond¬ 
ingly greater current carrying capacity. The increase 
in current in the overhead transmission line does not 
necessarily involve an increase in copper since the only 
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practical effect of the increased current is greater line 
losses and increased regulation drop. An exception 
to this should be noted in the case of underground 
cables where the consideration of operating tempera¬ 
tures may make it undesirable to increase the maximum 
current. In this case the saving in cable equipment 
secured by employing the synchronous condensers 
may more than off-set its greater first cost. 

Saving in Line Losses Obtained by Means 0 / Syn¬ 
chronous Condenser, Consideration must also be given 
to the fact that the synchronous condenser, by im¬ 
plying the power factor of the line currents, decreases 
the copper losses in the line. The ratio of line copper 
losses with and without using the condenser is given 
by the expression: 

COS <f> 


/ COS (f> \ 2 

Loss ratio = 


(15) 


* Improving, by condenser, the power factor from 80 
per cent to 95 per cent, for example, reduces the line 
loss 25 per cent. Where poor power factor of load is 
combined with inherently large line losses, the saving 
in losses at full load due to the use of condensers is 
considerable. 

The actual saving in loss, however, is less than may 



Fiq. 10—Current Diagram for Fractional Loads 
showing Effect of Synchronous Condenser with Maximum 
La era inc] Current Equal to Maximum Leading Current 

bp inferred from the above, on account of the fact that 
under usual operating conditions the load factor is 
considerably less than unity. At fractional loads, the 
saving, in losses resulting from the condenser is very 
tinuch reduced, and at light loads, when condensers is 
operating lagging, the line losses are actually increased 
by the condenser. It is reasonable to expect, therefore, 
that under normal conditions of load, the actual net 
saying in line losses is much less than the value ob¬ 
tained for full load conditions. 

this it appears that the saving in line losses is 
*Vwy much affected by (a) the load factor and (b) the 
ratio of leading and lagging rating of the synchronous 
condenser* 

Lossew in Condenser vs. Losses in Ratio Control 

?%S {UUS ' Pur i h ^ more » net line losses saved by 
g^nser are off-set partially by the fact that the 
? ggrmer>ratio control apparatus is inherently 

tha " synchron °“ s 

ofLJtaZ, al Sma " er kilovolt -™I>^ rating 


2 . On account of the inherently higher efficiency 

of transformers, x . 

3. On account of the fact that inNa^g^rmer ratio 
control, both the core and copper losses maj*-be variable 
The core loss varies from maximum to minimurTKa^S 
voltage ratio is shifted from maximum value to unify® 
and the copper losses vary from maximum to minimum 
with changes in load. 

To form a correct comparison between the two 
equipments, the actual values of the various losses just 
cited must be carefully estimated and capitalized. 

Example Illustrating Case III 

Assuming the following conditions: 

Per Cent 


Line reactance drop. 

Line resistance drop. 

Power factor of load. 


.29 

. 7 

.86 


it is desired to compare the use of ratio control equip¬ 
ment with a synchronous condenser when used to 
maintain voltage at both ends of line constant. Under 
these conditions the line regulation without the con¬ 
denser is 22,7 per cent. By equation (12) the rating of 
ratio control equipment necessary to maintain voltage 
constant is 11.3 per cent of the Idlovolt-ampere of the 
load. 

By equation (13) the rating of the condenser is 
per cent (kv-a.) e + per cent (kv-a.) e * = 70 per cent 

The synchronous condenser performance depends 
upon the ratio of the leading and lagging rating of the 
condenser. Assuming equal leading and lagging rat¬ 
ings, in other words, per cent (kv-a.) 0 = per cent 
(kv-a.y = 35 per cent, current relations are obtained 
as shown ip Fig. 10. At full load the addition of the 
condenser brings the line power factor rip to 99 per cent. 
The ratio of line power factor to load power factor is 
1.14, which means that the system rating has been 
increased by 14 per cent, equation (14). The full load 
line losses by equation (15) are 77 per cent of what 
they would be without the condenser. The triangle 
OB D in Fig. 10 gives the current .relations for full 
load; 0 C is the condenser current at no load; and the 
line C D B is the locus of the line current as the load 
increases from no-load to full load. At the intersect D 
corresponding to half load for Fig. 10, the condenser is 
not contributing. For less than half load the condenser 
is increasing the line losses, and for loads greater than 
half load the line losses are decreased by the condenser. 

The current diagram, Fig. 11, corresponds to the 
assumption that the leading rating of the condenser is 
46.5 per cent and the lagging rating is 23.5 per cent. 
The chief difference between Figs. 10 and 11 is the 
position of the intersect D, which now occurs at 33 per , 
cent load. It is evident that operation, in accordance 
with the assumption upon which Fig. 11 j s based, means 
a greater saving in line losses for a given load factor 
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than operation in accordance with conditions assumed 
for Fig. 10. 

Case _JV. Transmission Line Loop 
Underleases I and II it was shown that by the help of 
on^fOr£age control equipment constant voltage can be 
■^maintained at two points and at the same time any 
desired current relation obtained. The principle can 
be extended to any number of stations operating on a 
line so that with N stations and N — 1 voltage control 
equipments it is possible to maintain the bus voltage 
constant at N stations and at the same time secure any 



Fig. 11—Current Diagram for Eraotionau Load, show¬ 
ing the Effect of Synchronous Condenser with Maximum 
Lagging Current 50 Per Cent of Maximum Leading 
Current 

desired division of current in each portion of the line. 

At each station voltage control may be inserted 
between high and low voltage of the power transformers 
as shown in Fig. 12, or the variable voltage may be 
inserted in series with the line as shown in Fig, 13. In 
the former case the over-all regulation of the line is 
unaffected, whereas in the latter case the variable 
voltage being inserted in the line itself, not only the 
station bus voltage but also the line voltage, is affected. 


H & 


J> a' • 


changing in the line. We may write for the voltage 
between a and 6 for Fig. 12 

e = 1 1 Zi + Ii Zz + 1} Zi + h Zi 
where . 

1 1 1 2 X» h are the currents desired in the lines; 
Zi'ZiZiZi are the corresponding line impedances. 
For Fig. 13 the expression becomes: 
e = 11 Z\ li Zi -j- la Zz li Z 4 G% 2a 

where 

e ts e s , are the control voltages inserted in the line at 
stations 2,3 and 4. , 

If the loop is formed by connecting a and b without 
inserting any control equipment, the voltage (e) ,* as 
given in the above equations, is short-circuited and a 
circulating current flows throughout the loop, the value 
of which is given by the expression, 

I 0 — e /(%i Zi + Za + Za) 

* 

The line currents have now become 

I\ + Ic 
2V+ le 

It 4- L » 

Ia + Ic 

It is evident that the desired currents, I u I?, Is, I ean 



Pig. 12-— 1 Transmission Line Loop Provided with In-Piiase 
and Quadrature Voltage Control 

When the two ends of the lines a and 6, in either 
Fig. 12 or 13, are connected together forming a loop, 
it is desirable to know whether complete current 
flexibility is still obtainable. It i? evident for example, 
that if the currents in the four portions of the line, in 
Figs. 12 and 13, are to be independently variable, a 
Variable voltage exists between a and b which is the 
resultant of the impedance drops in the four lines. 
This voltage ( 2 ) varies in value and in phase from time 
to time depending upon how much the currents are 


Fia. 13 —Transmission Line Loop Provided with In-Phase r 
and Quadrature Voltage Control 

be obtained only in the remote coincidence that these 
currents happen to be of such values as to make the 
resultant voltage (e) zero. The alternative is to intro¬ 
duce into the line a voltage which is always equal and 
opposite to (c). Therefore, if the ends (i and b are t to be 
connected without interfering with current flexibility, it 
is necessary to bridge the points a and b with a voltage 
which is equal to, and in phase with, the vector sum of 
the impedance drops in the lines. 

The insertion of such a low impedance voltage bridge 
between points a and b in which the voltage-and also 
the phase angle are independently controllable can be 
accomplished by two ratio control equipments, one 
providing the proper in-phase voltage and the other 
providing the proper quadrature voltage. (See note 

following.) . . : 

In general, a transmission line loop in which a maxi¬ 
mum current flexibility is desired together with N points 
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Xs 

r 3 
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maintained at constant potential, requires N voltage 
ratio controls and one quadrature control. 

. Although two independent controls, consisting of an ,l 12 Ta n 

rf h tteloop and Then e ^ ^ an3 ^ ctance 

ai conditions of load variation, one ratio control equip- 

irient is sufficient for loop control, 4 x — 7l y r - r 3 

For example, when the currents I h I a , T s , J 4 vary ** ~ R Xi ~ ~R~ X x * = ~R~ X 

during the load cycle in such a manner that the resultant W{l£m , , . 

voltage (e) changes in value but not in phase, it is then V * hen these values are substituted in the equations for 
only necessary to determine the phase angle of (e) with & aiK 3 e> ^ ey rec * uce to the following simple form: 

^ reference to the line voltage, and to design loop control y 

equipment having this angle. j e = r ■( -— 

Loo^ control may be needed to prevent excessive 
current flowing in portions of circuit as, for example, ^ 

when underground cables are used having a limited e = 3 r 

current rating, or it may be desired in order to be able 
f* J” j* to T °^ tain a hninimum of energy loss in the But by the conditions of the problem Dir - 0 and 
p. n the latter case the exact setting of the control Ejr = 0. It therefore follows that both e and i e 
equipment eEui be calculated readily. are aero. The im p„rta„ t e™cl^» tlowa thal 

Current Distribution with Reference to Obtaining when the ratios of resistance to reactance in each 
Minimum Energy Losses in Loop. At the end of this P° rtion o£ the loop are all equal to each other the 
paper, equations are developed which give the condition currents distribute in the loop so as to obtain minimum 
pt curien c isti lbution so as to obtain minimum energy p°PP er loss, when the loop is closed without voltage 
losses m the loop. These equations show that the ’““ erted - Loo P control equipment is therefore neces- 
cnterion for minimum losses is the condition that the sar y onl y by virtue of the fact that the various portions 
vector sum of the resistance voltage drops around the of 1,ne have different ratios of resistance to reactance 
be zero. This criterion can always be met Acknowledgment is hereby made 'to Ravmoi 


.. : 


R 

X 

R 




i i ' - - • voltage urups arouna tne 

loop should be zero. This criterion can always be met 
by means of two control equipments if they are so 
adjusted as to allow a circulating current to flow 
through the loop in accordance with 

R L + Sr I = 0 

where 

-L is the circulating current, 

. R is the total resistance of the loop, 

* ? T J- * S vec£or sum o£ the resistance drops (not 

including the drop due to circulating current). 

To obtain this current distribution, the control equip¬ 
ments must introduce the following voltages into the 
line: An m-phase voltage equal to 

s e = ji *i + u *2 + ji .t 3 + etc. 
and a quadrature voltage equal to 

v 3 e = *V*i + H + i 3 x 3 + etc. 

An important particular case is when the ratio of 
resistance, to reactance in each portion of the line is 
equal; that is, when 


: wk.. 

0 ^ 


^ lu reaclance. 

Acknowledgment is hereby made 'to Raymond 
® a,1 ® y ’*/ J- Walton, W. W. Lewis, H. 0. Woods and 
M. B. Mallett for their assistance in the preparation 
of this paper. 

^1, a PP en dix with equations to find the current 
distribution in a loop with reference to obtaining 
minimum energy losses in a loop is included in the 
complete paper. 
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Abridgment of 

A Theory of Imperfect Solid Dielectrics 


BY MICHEL G. MALTI 1 

Associate, A, I. E. E, 


Synopsis.—This paper covers Chapters VII, VIII and IX of a 
thesis presented by the author to the Faculty of the Graduate School 
of Cornell University, for the degree of Doctor of Philosophy, 

In this thesis a summary is made of the experimental facts 
regarding the anomalous behavior of solid insulating inatcriah 
under varying conditions of potential, time, temperature, frequency, 
humidity, ionizing radiations and various other factors. 

A bibliography containing about 400 articles dealing with experi¬ 
mental and theoretical research is appended to the thesis. These 
articles are chronologically arranged and numbered. 

Five tables are given, including references to experimental 
research done on (a) dielectric resistivity, ( b ) dielectric charge and 
discharge, (c) dielectric constant, (d) dielectric strength, (c) dielectric 
energy loss. 


Hypotheses are here established which account, in a general way, 
for the observed behavior of solid dielectncs. Definitions of the 
resistivity t permittivity , electric charge and electric strength of 
solid dielectrics under both continuous and alternating potentials 
are submitted ♦ Terms are introduced and defined: e. g., the " (i — 0- 
characteristic” the t( electrization curve,” and th& u hystero-viscosity 
loop.” ‘ \ 

The various energy losses occurring in dielectncs are traced to 
their sources and subdivided into hysteresis, viscosity and resistance # 
losses. Methods are devised for separating the total dissipated 
energy into its three component parts. 

Finally, the classical theory is shown to apply to imperfect solid 
dielectrics if the submitted definitions and terms be adopted. 


Part II. Definitions of Terms 

A. The Resitivity p of Solid Dielectrics 
1. Resistivity at Continuous Potential. 

The resistance R of a solid dielectric with a continuous 
applied potential will be defined as: 

Limit 


r = 2 Ej/L 

l r l r 


(1) 


The notations used in equation (1) may be visualized 
by referring to Fig, 4. 

From equation (1) the resistivity p will be: 

P = R a/d - [(E - 2 E v )/I r ] (a/d) (2) 


Fio. 


2—Decrease in the Sparking Distance of a Gas doe 
to Placing a Solid Dielectric Near the Anode 


For continuous potentials, and within the same 
potential range, p will be constant. However, p will 
assume lower values as higher ranges of potential are 
reached until at the breakdown potential p becomes 
practically zero. The resistivity defined by equation 
(2) is easily measured because all the quantities on the 
right hand side are determinable. E p is the only factor 
which seems difficult to measure. Its value, however, 
may be experimentally determined as was done in 

1. Instructor in Electrical Engineering,. Cornell University, 
Ithaca, N. Y. , 

Presented al the Regional Meeting of District No. 1 of the 
A. I. E. E., Pittsfield, Mass., May 26-28,1927. Complete copies 
upon request. 


(53-15) and (2-25) by first impressing E for a time t r , 
then suddenly decreasing E to such a value that i, 
becomes zero. This new value of E at which i r = 0 
is the value of 2 E p , while (53-15) shows that if this is 
done, R, (at least in the ease of quartz and iceland spar), 
is not only independent of E, within certain limits, but 
is also independent of the time t. 

2. Resistivity at Alternating Potentials. 

The value of p can thus be experimentally determined 
when continuous potentials are used. With alternating 
potentials, the conduction current cannot he experi¬ 
mentally separated from the charging current. The 
method generally adopted of measuring the power 
dissipated in a condenser and taking p of such a value 
that W - P R, is physically erroneous because of the 
fact that the energy dissipated is largely a hysteresis 
loss, and the I 2 R loss forms but a very small percentage 
of the total dissipated energy (see 2/82, 94-12 and. 
17-16). 

Two questions arise in regard to the resistivity when 
alternating potentials are used: : 

a. What conception must be formed of p, with 
alternating potentials? 

' b. If p is a function of the potential range, what 
value of p must be adopted when alternating potentials 
assume instantaneous values which fall within more 
than one potential range? 

The answer to the first question is that the concept* 
of p with alternating potentials should not differ from 
that of p with continuous potentials. 

The answer to the second question would lead to a 
definition of an effective resistance which, although 
having no physical basis when the potential gradient 
exceeds the initial range, leads to an' approximate 
determination of the true PR loss when alternating 
potentials are used. Thus, let t u k, . . . . t n be the/:' 
times at which the sinusoidal voltage wave (Fig. 
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assumes instantaneous values ei, e 2 . . . e n such that The equivalent resistance of a dielectric at sinusoidal 
®1 ,S=S 02 = . . . e n = Bn, where S A , B D . . . potentials, having instantaneous values which extend 

En are the upper potential limits of the potential over more than one potential range, may be analogously 
ranges, A, B AT 1 

Then 

ti »i 

Wr 1 = J* (i A ) 2 Ha rf t = Ra f Ha) 2 d t 


t% /2 

W r2 ~ {Vb) 2 # Sb d t ~ Rji J (iru) 2 £ 






(3) 


Wrn = (W) 2 Rn dt — Rn / (4n) 2 d i 

*(n -1 ((n -i) 

where Va, 4bi ■ . i-w are the conduction currents, 
Ra, Rn, . . . Ra are the resistances and W h W 2 . . . 
W n are the energy losses that would be obtained at 
continuous potentials lying within the ranges A, 
B . ; . N. 

The value of the first integrand in equation (3) will 
then be 

Wri - 5a f [ (I r A V 2) sin O) t ] 2 d t 

- (La 2 Ra) [■ ti ~ 2~^ J ,( 4a ) 

The other integrands in equation (3) cannot be so 
easily evaluated because, according to the eighth 
hypothesis, we cannot assert that the conduction 
currents Lb . . . 7, are sinusoidal. However, if we 
should follow the procedure adopted in obtaining 
equation (4a), the error will be only in the deviation 
of the current from the sinusoidal value. This error, 
for potential gradients lying well below the rupturing 
gradient G„ cannot be very large. We shall therefore 
’eValuate the remaining integrands as was done in the 
case of the first and obtain: 


defined as 

Re« = 4 (Wn + W ri + . . . W) r JI r J T (7) 

where W r i, Wn . . . W m are defined by equations (4) 
At voltages whose amplitudes do not exceed the 
initial potential range, equation (4a) for H of a cycle 
becomes: 

Wr - La*Ra T/4 (8) 

Therefore, the resistance of a slab of dielectric at such 



Fio. 3—A Sine Wave of Voltage 

alternating potentials is equal to that obtained by using 
a continuous potential of a magnitude equal to the 
effective value of the alternating potential. 

It must be remembered that La in equation (8) is 


n = [Ln 2 Rn) |^(4 — h) — 


Fw (LX 2 Rk) |^(4 — 40- 


sin 2 w 4 — sin 2 co 4 


2 co 


•](4b) 



sin 2 co t n — sin 2 o)t, 
2 co 



Fig. 4 The (i — ^-Characteristic of a Solid Dielectric * 

U-iH . n °t effective value of the alternating current, flow- 1 ' 

J( 4n ) ing through the condenser, as measured with an a-c 


Therefore the total energy dissipated per U of a a ™ m ® ter ; f actually corresponds to I r in equation (1); 
■ . .. v cycle is: p p A t. e., it is the true conduction current read at a time 4 

*W _ im i m on a d-c. instrument, when a continuous potential of a 

ui vi ' . rl + . + ’ ’ • + ( g ) magnitude equal to the effective value of the alter- 

Jout with actual conducting materials the energy loss nating potential is applied to the condenser, 
due . to the passage of a current of effective value I 
' V for a period of time T/4 is: 


W rN =2„*R»T /4 
*" = 4 W„/I„*T 




rN B. Electric Charge; and Discharge of Solid 
* Dielectrics 

1* The Charge with Continuous Potentials. 
a. Definition: If, for a definite temperature, hii- 
(6) midity, and continuous potential, current readings be 




m 

Wm 


,|| 
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taken, at various intervals of time, for a circuit with 
R, L, and C, then, upon plotting those readings, Fig. 
4 will be obtained. 

The charge acquired by the dielectric in the interval 
of time t = (fa- fa) will be defined thus: 

Q = £ (i — Ir) d t = j ic d t (9) 

<i a 

In equation (9), .i is the current measured at any 
instant and I r is the leaky current represented by 



Fid. 5 —Various Shapes of the (i - ^-Characteristics of 
Solid Dielectrics 

the constant value which it assumes after a time t r ; 
see equation (1% 

b. Remarks on Fig, 4. 

1. The value of the charge Q, expressed by equation 
(9), can be graphically represented by that part of the 
shaded area in Fig. 4, included between fa and fa. It 
will be noted that Q is a function not only of the magni¬ 
tude, t - fa- fa, of the time interval, but also of the 
actual values of the limits fa and fa. For the extreme 
case where fa - 1, and fa > t„ the charge is^ero because 

i-Ir = 0. 

2. The time corresponding to the maximum 
value i m , is solely a function of the constants R, L and C 
of the circuit. It can be reduced to a minimum by 
making L*0. 

3. The actual value i m is a function of the dielectric 
material, the applied voltage gradient, temperature and 
various other factors. 

4. The character of that section of the curve which 
extends from t m to Us an indication of the relative num¬ 
ber of the three types of the electrons present in the 
dielectric as well as the degree of viscosity of the elec¬ 
trons belonging to the second order. Indeed, the 
curve is a function of the rate of growth of the polari¬ 
zation e. m. f. which forms on the boundary surface 
between the plates and the dielectric. This is best 
illustrated by Fig. 5, where curves are drawn for 
various materials possessing the same dielectric resis¬ 
tivity but having different (i - t) - Characteristics. 

Curve a represents the (i — t) - characteristic of an 
ideal condenser. The ascending and descending por¬ 
tions of the curve are identical. The descending part 


of the curve is a reproduction of the inverted ascending 
portion. Moreover, owing to the perfect elasticity of 
the ether, i m is just a point on the curve. Again the 
final current becomes zero because a,perfect condenser 
is devoid of any conductivity. 

Curve b stands for a condenser whose dielectric 
is rich in highly elastic electrons; the portion of the 
curve beyond <„» is very steep, showing that each of the 
viscous electrons possesses, to a more or less extent, the 
same degree of viscosity. That the vafUe of i m extends 
for a certain length along the curve, is an indication of 
the existence of viscous electrons, because it shows that A 
the polarization took some time before approaching 
its steady final value. , 

Curve c is drawn for a condenser whose electrons have 
varying degrees of viscosity as indicated by the gentle 
slope of the curve and the time it takes for the polari¬ 
zation to be complete. 

Curve d shows that although the electrons are very 
highly viscous, as indicated by the time required for the 
first point of inflection to occur, there exists very 
little difference in their degrees of viscosity. The 
very steep descent of the curve, as soon as the polariza¬ 
tion attains its final value, is an indication of this latter 
fact, 

6. While, in general, a dielectric which possesses 
the characteristic Curve b (Fig. 4) within a certain 
potential or temperature range, may he expected to 
exhibit a similar characteristic at other ranges, it must 
not be inferred that this always holds true. Indeed 
the behavior of a dielectric is a very complicated func¬ 
tion of its internal structure. Therefore, it is very 



Fig. 6—The Resultant Charging Current due to Succes¬ 
sively Increasing Potentials Impressed upon a Dielectric 

likely that the same dielectric will exhibit the various 
characteristics represented by Curves b, c and d, St 
different potential ranges. This will be in strict con¬ 
formity with the hypotheses laid down in Part.I. 

2. The Charge with Alternating Potentials. 

a. Some Laws and Corollaries: The (i- t)-char- 
acteristic represented by Fig. 4 is true-for steady con¬ 
tinuous potentials. With alternating potentials the 
shape of the current—time curve is further complicates 
by the fact that e is a function of time. . _ 

Before formulating a definition of charge with 
nating potentials we shall cite the laws of. charge and 


♦ • 
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discharge established in 2/89, taking the liberty to 
introduce such changes in them as have been necessi¬ 
tated by more recent researches. 

Law 1 . Within the initial potential range and for 
the same conditions of temperature, humidity, etc., 
the value of i c = (t — J r ) for a dielectric at one and the 
same instant of time (0, after impressing the potential, 
is proportional to the applied potential E. Thus, if i c 
and it are the charging currents measured at an in¬ 
stant t after impressing voltages E and E', respectively, 
and if E and E' are both less than the upper limit B A of 
the initial potential range A, then 

. E/E' - it/it ( 10 ) 

Law 2 . The charging current i c , due to successively 
increasing potentials impressed at successive instants 
on a condenser, is equal to the sum of the charging 
currents that would be produced by each potential 
.acting alone, provided none of these potentials exceeds 
the upper limit Ek of the initial potential range. Thus, 



Fia. 7 The Charge and Discharge Currents of a Solid 
Dielectric 

'let E ir E it E 3 . . . . E n be successively impressed 
on a condenser at times h < t 2 < t 3 . . . . < and 
let Ey < £?„ < E 3 < . . . . < E n < E a , then 

Li + id +i C 3 . ... + i cn = i c (ii) 

In order to visualize this law, imagine a circuit of 
such a small inductance that the time t m , Fig. 4, may 
be neglected. The voltages E\, E 2 . . , . ^applied 
at tfines t h / 2 . . . . will give rise to the currents 
Hi . . . , i n ) Fig. 6. Then the charging currents 
hi . . . . will be: 

= ii —■ I T x 

tc2 - —If 2 (12) 

* ^ t ' 

= i n — Itn 

and the instantaneous value of the total charging 

. 

curve u identical with that for the disehlrge current 
^urve, but of opposite sign. The dischargiufof “ 


denser at short circuit is indeed equivalent to intro¬ 
ducing into the circuit a voltage (— E), equal in 
magnitude, but opposite in direction, to that of the im¬ 
pressed voltage. If acting alone, this newly introduced 
voltage would cause a charging current identical in 
shape with, but opposite in sign to, the original charg¬ 
ing current as is shown in Fig. 7. 

Unfortunately this law does not apply to potentials 
higher than the upper limit of the initial potential 
range. (See references in hypothesis 7, Part I). This 
accounts for the limitation introduced in formulating 
the law and for the statement made in the eighth 
hypothesis. 

Corollary 2. Up to a certain time f, the total charge 
acquired by a condenser, due to successively increasing 
potentials, is equal to the sum of the charges that 
would be acquired if each of the potentials were acting 
alone. Thus, if i oU i oi . . . . i cn be the.charging currents 
due to potentials Ex < E 2 <....< E n .... < E At 
impressed at times h < h < . . . . < l„, then the total 
charge Q acquired by the condenser from h to / > l n 
is Q = Qi + Q t . . . . + Q„- or 

Q - f icidt + f iotd t -jr • - • . + f it,, d l ( 13 ) 

a a <„ 

Law 8 . The value of the charging current i c due to a 
continuous potential E applied to a condenser for 
more than an infinitesimally short interval, (i. e., an 
interval sufficiently long to cause a displacement 
of the elastic electrons but not of the viscous electrons), 
is proportional to the interval of time through which 
the potential acts. 

This is a very specious law; it will always remain 
as a hypothesis because it does not lend itself to experi¬ 
mental verification. Its plausibility will be evident, 
however, it we admit the hypotheses postulated in 
Part I. Indeed, if viscous electrons require some time 
to attain their final displacement, one would naturally 
expect the time element to enter as a necessary factor 
in determining the value of i c . 

b. The Equations for the Charging Current and 
Charge Acquired with Alternating Potentials. Let 

1;°^ E» <E h < . . . <En be com¬ 

piled between the limits 0 and E m , and let h < U < i a 

’ ’ be the times at which these potentials 

are applied. Let E m be the amplitude and T the 
penod of the sinusoidal applied potential whose equa- 


e = E n sin w t 
Ei - E m sin o> ti 


• E n = E m sin oi t n 

z&szt&gss <lo) 

thrdy.T 16 taStiUlt ' *’ a,ter im I ,rMsin e and s! rapw 
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irn/icv = E„/E v = [E m sin co t u /E m sin o> A] 

= sin co <„/sin co A (16) 

and for the particular case where A = Tj 4 equation 
(16) becomes 

ic/icm = E»/#m = sin co A/1 

whence 

A« = (sin co t„) i (m (17) 

In what follows, two notations for time, t ancl r, 
will be adopted in order to differentiate between time 
measured along the abscissa of the voltage curve, 
(Fig, 8a), and that measured along the abscissa of the 
(i — t ) characteristic, (Fig, 8b). Therefore, t will be 
used for voltage variation and r for charging-current 
variation wi th time. 

Let 


icm =/(r- -“) 


be the function expressing the value of the charging 
current due to a continuous potential (of magnitude 
(E m ) equal to the maximum value of the alternating 


tial range. Referring to Fig. 4, let h, ( 2 . . . t„ 
be the times at which the sinusoidal voltage assumes 
instantaneous values e,, e s . , . e„, so that ei = E A , 
e 2 = E d , . . . e„ = JS'n, where E A ,.En, . . . E„ are 
the upper potential limits of the potential ranges A, B, 
. . . N, respectively. Let fa (r — A), fa (r — fa) 
. . . /n (t — 1„) be the functions expressing the 
variations of i e i, id, . . . with r at continuous 
voltages E a> E u , . . . E n. Then, by analogy with 
equation (21), the value of i„ at any tithe, r, according 
to the corrections indicated, equation (20a) will 
become: " 


/a (t - t) (sin u>t) d (o) t) 


fa (r - t ) (sin « t) d (a) 0 + 


fa (t - t) (sin a t) d, (w t ) . 


0 A: ti 


k<T<h 


rp^dfwt) 

uit 



0 t T/4 


Pig. 8 

A—A Sine Wave op Pothnotial 

B—The Charging Currents due to Two Instantaneous 
Values op an Alternating Potential 


i m = \ fair- t) (sin w t) d ( w i ) + 


fa (t - 0 (sin cot) d (co 0 + 




potential) which is impressed on the condenser at time 
T 

t = —z —. Then the function expressing the value of 

the charging current for any other continuous potential 
of magnitude E = E m sin co t impressed on the con¬ 
denser at a time t and acting through an angle d (co t) 
will be, by equation (17) and law 3, 

I o' = / (r - t) (sin co f) d (co t) (19) 

and the total current at any time r ? t due to all the 
instantaneous voltages from 0 to r each of which acts 
for an interval d (co t), will be: 




/ (r — 0 (sin co t).d (co t ) 


and the charge Q acquired during % of a cycle is 


Tl* T/i T/'i -1 

Q = J i c dr = J [ ^/(t-'O (sincoO^(co.O J dr 

( 21 ) 

The same reasoning can be extended to potentials 
with instantaneous values exceeding the initial poten- 


+ /n (t - 0 (sin co t) d (co t) 


The charge acquired by the condenser will be: 


Q - § ^ r N d' 


where z CK is expressed by equation (20a). . 

c. Discussion of Equations (21) and (21a), In 
equation (21) the function / (r - t) is that portion Gf 
the curve shown in Fig. 4 and extending from t m to A. 
It should be determined at a continuous voltage equal 
to the amplitude E m of the alternating potential. This 
function will vary with the material of the dielectric, 
the temperature and humidity of the specimen, and 
the physical condition of the dielectric.. 

Equation (21) comprises the essence of the cause for 
the decrease of charge with the frequency of the? 
applied potential. Indeed, the mere inspection,,|| 
equation (21) shows that the value of Q ife a function of 
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The higher the frequency, the 


smaller is T anc( consequently the smaller the value 
of the integrand. In equation (21a), the values of i cA , 
f C B . . . i N substituted from equation (20a) contain 
h (r — t),f B (r — t) , . . / N (r~t). These functions 
should be determined at continuous potentials of 
magnitudes equal to # A , . . . E N . 

C. The "Dielectric Permittivity” K op Solid 
Dielectrics 

« 

Imagine two condensers, No. I and No. II, of the same 
physical dimensions, Let the space between the 
plates of condenser No. I and condenser No. II be 
filled with a solid dielectric and vacuum, respectively. 
Let the charges acquired by condensers No, I and 
No* II, when each is submitted to the same potential, 
tie Qi and Qn, Then the dielectric permittivity will be: 


K = Qi/Qu 

For continuous potentials: 


( 22 ) 




ir 

J 


L d t 


'j' ic d t J” ij 


equation (9) 

it 


d t 


equation (9) 
EKa/cl 


(23) 


For alternating potentials, where no instantaneous 
value exceeds the upper limit of the initial potential 
range: 

equation (21) eq. (21) 


jr _ zjL 

•'M - T/t 

• L 


(cos a) t) d l 


eq. (45) 


(24) 


and for alternating potentials, where instantaneous 
values- do exceed the upper limit of the initial potential 
range: . 

equation (21a) eq. (21a) 


#3 = 


T/i 


i c ‘ (cos &> t) d t 


eq.(45) 


(25) 


The denominators in equations (23), (24), and (25) 
can be very easily computed; see Part III. The 
ifUmerators are defined by equation (9) with the limits 
changed from 0 to t, and by equations (21) and (21a) 
respectively. 


. - -'■ ^ UU S/HAV/ 

factors which influence d; see discussions of equations 
(21) and (21a). Moreover, the values of K, determined 
■ • from these equations will be different fbfc the same 
material if / and G be changed. The "dielectric 
constant” is thus a very inappropriate term., A better 
J';) i,., appellation, "dielectric coefficient,” has been suggested. 

new name is here replaced by the more descriptive 



and shorter one, permittivity, adopted by some test 
books. The writer regrets that he has never met 
with this term in reading the literature. 

E. The Energy Dissipated in Solid Dielectrics 

1 . Causes of Energy Dissipation. 

The energy dissipated in solid dielectrics may be 
due to one or all of the following three clauses: 

a. The resistance of a dielectric to the flow of 
current, 

b. Dielectric hysteresis, 

c. Dielectric viscosity. 

No successful attempt has been made, so far, to 
separate the total energy loss into its three component 
parts. Moreover, the three sources of energy loss 
are not clearly defined. It will be our object, there¬ 
fore, (1) to investigate the sources of these losses 
in the light of the established hypotheses; (2) to intro¬ 
duce definitions of the three types of energy loss; 
and (3) to devise means for the separation of the 
total energy dissipated into its three component parts. 

2. Sources of Energy Loss with Alternating Potentials. 

In view of the hypotheses established in Part I 

we shall consider separately the behavior' of the 
three types of electrons in a dielectric subjected to 
alternating potentials. 

a. Perfectly Elastic Electrons. When an alternating 
potential is applied to a dielectric, all the electrons 
are displaced from their neutral position of equilibrium. 
Those that are perfectly elastic will be displaced by a 
distance which may or may not be proportional, at 
every instant, to the instantaneous value of the im¬ 
pressed voltage. However, for this type of electrons, 
the same relation between the distance by which the 
electron is displaced and the instantaneous value of 
the applied, potential exists no matter whether this 
distance be measured at increasing or decreasing 
values of potential. If 5 is plotted as ordinate and 
E m sin w t as abscissa, we get the curves shown in 
Fig. 11b. 

Whether the curve is of the form (A) or (B) will 
depend entirely upon the characteristics of the individ¬ 
ual electron. The interesting fact to remember is 
that the curve closes on itself and therefore no energy 
is lost. 

b. Perfectly Viscous Electrons. The displacement 
of the viscous electrons gives a very different curve 
from the ones shown in Fig. 11b. Here the electron 
displays no elasticity; consequently, it continues to 
creep in the same direction irrespective of the instan¬ 
taneous value of the impressed potential, provided 
that value maintains the same sign. As soon as the 
polarity of the applied voltage changes, the direction 
of creepage reverses. The distance covered by the 




amd to the time through which that instantaneous 
value acts. ' 
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s. We thus have for, the displacement, due to 
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any potential = E m sin co t and acting for an instant 
Af: 

AS = h E m sin w £ A l 

and for the total displacement attained during a 
time fi’om 0 to l: 

hE m 

5 ( = liE m 1 sin cot dt ~ ~ cos co t (31) 


■S* 


co 


This curve is plotted in Fig. 11c. It can be best 
visualized by shifting the origin 0 to the point O', 
The existence of co in the denominator of equation (31) 
shows that S ( is a function of the period of the impressed 
potential. 

Slightly Elastic or Partially Viscous Electrons. 


c. 
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cosity loop (Fig. 12) 
dielectric as follows: 

A continuous potential-gradient Gi is impressed 
on the dielectric for a time t ri and the charge Qi, (see 
Fig. 4), acquired by the dielectric during the interval 
t r i is measured. The charge density D, will then he: 

Di = Qi/a (32) 

The gradient is next raised to Gi, the charge Qi 
acquired in the time 0 to f r2 is measured and Di com¬ 
puted. This process is repeated until "the maximum 
gradient G m , for which the loop is required, has been 
attained. We thus obtain the curve 0 a (Fig. 12) 
which we shall call the “electrization curve” in analogy 
to the “magnetization curve.” „ . 

Just as in the magnetization curve, the permeability 
at any field intensity is ja = B jH, so here, the absolute 
permittivity K' of a dielectric at any voltage gradient 
0 is: 

K' = D/G (33) 

The voltage gradient is next lowered to a value G n < G m . 
If G„ is low enough, i. e., if E n < 2 E p , a current, will 
flow in the reverse direction for a time t n at which 
time its value beeomesTzero. This reverse current is 
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Fig. 12—A Hystero-ViscoSity Lqop 
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A—A Sine Wave op Voltage 

B—Variation in the Displacement op a Perfectly 
Elastic Electron with Voltage 
C—Variation in the Displacement op a Perpeotly 
Viscous Electron with Voltage 

In the case of the. partially viscous electrons, the 
elasticity of their bonds furnishes them with enough 
resilience to rebound whenever the impressed potential 
suffers a decrease. The distance by which they reboun d 
is a function of their elasticity, the value of the im¬ 
pressed voltage and the decrease suffered by that 
potential. The curve given in Fig, 12 is representative 
of one type of such a hysteresis loop.^ For other types 
of loops, the reader is referred to the very interesting 
work (54-21) wherein several loops are plotted with 
charge as abscissa against applied potential as ordinates, 
d. The Hystero-Viscosity Loop. Thehystero-vis- 


due to the fact that, the polarization potential being 
in excess of the new impressed potential, some of the 
elastic electrons rebound to their original position, 
thereby allowing a part of the charge on the plates to 
recombine. Moreover, the recombined charge in the 
dielectric is exactly equal to the released charge. .If 
we measure this recombined charge and- subtract its 
value from Q„„ we obtain the charge Q„ which remains in 
the condenser at the gradient G„, D n will then be 
Qja. By a similar process we may compute D„-i at 
GU ... and D, at<? = 0. > 





V A 







MALTI: THEORY OF IMPERFECT SOLID DIELECTRICS 


to their normal position. This time cannot be fixed 

01 it depends upon the type of material experimented 
on. 

The length of the line 0 b represents the residual 
charge due to purely viscous electrons. These elec¬ 
trons, being utterly devoid of resilience, need a coercive 
force in the opposite direction to move them to their 
original neutral position. 

The polarity of the applied potential is now reversed 
at the points, and the density of charge D, corre¬ 
sponding to any gradient G, measured, as indicated 
above, until the negative maximum gradient' (- G m ) is 
attained. We thus obtain the curve b c. The curve 
c d is obtained similarly to the curve a b by successively 
increasing the potential from- (- G m ) to zero. 

Finally the curve d a is plotted from data observed, 

. as described above, by successively increasing the 
potential from zero to G,„. 

" 3 ‘ Definitions and Separation of Dielectric Losses. 

a. The Resistance Loss (W r ). The loss per unit 
volume, per cycle due to the resistance of a dielectric to 
the passage of current, at alternating potentials, shall be 
defined as follows: 

1. For potentials whose amplitudes exceed the 
upper limit E_\ of the initial potential range A, 

W,i «= 4 (equation S)/V Joules/cm. 3 (34a) 

2. For potentials whose amplitudes do not exceed 
the upper limit Ea of the initial potential range A, 

W r = 4 (equation 8)/V Joules/cm. 5 (34b) 

b. The Total Loss (W D ) dissipated per unit volume 
per cycle shall be defined as the total loss, measured by 

• known methods, divided by the volume of the dielec¬ 
tric, divided by the number of cycles made during the 
time of running the test. ■ 

W D = (Measured Loss per cycle)/V Joules/cm, 3 (35) 

,**• For the same amplitude of applied potential, W D 

• will decrease as the frequency is increased, until a 
frequency f is reached beyond which the loss per 
cycle is constant and independent of the frequency. 
This particular value of W D will be defined as: 

W D / = (Measured cons t an t loss per cycle) /V Joules/cm. 3 

c. The Lossdue to Hysteresis (W*) : The hysteresis ' 
loss per unit volume per cycle at any frequency shall 
be defined as follows: 

1. For potentials whose amplitudes exceed the 
upper limit of the initial potential range A, 

W n = (equation (36)) - (equation (34a)) Joules/cm. 

(37a) | 

2, For potentials whose amplitudes do not j 

exceed \he upper limit E A of the initial potential 
range A } j 

Wh — (equation (36)) — (equation (34b)) Joules/cm. 3 j 

(37 b) , 

d. The Losses due to Viscosity (W v ): Enegry i 

dissipated per unit volume per cycle due to viscosity i 
shall be defined as: . 1 

Wv = (equation (35))-(equation(36))Joules/cm. 3 (38) ] 


d 
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It must be remembered that the above equations hold 
true only under constant conditions of voltage gradient, 
temperature, humidity, etc. The only factors here 
eliminated are time and frequency. 

Notations 

Symbol Quantity Units 


^ rea .Cm 2 . 

Chemical composition of a dielectric 

Capacitance (Permittance)... .Farads 

(Subscript) charge 

Thickness...Q mt 

(Subscript) discharge 

Charge and discharge density.Coulombs/cm. 2 

Voltage (Continuous or effective) \ v lt 

Voltage, instantaneous.J 08 

Frequency.Cycles/sec. 

Voltage gradient.Volts/cni. 

Humidity. = Per cent 

Current, continuous or effective, 1 A 

Current, instantaneous.J mperes 

Dielectric constant (Permittance).. Numeral 
Material of electrodes 
Refractive index; any number 
Physical condition of a dielectric 
Mechanical pressure on a dielectric. kg./cm/ 
(Subscript) Polarization thus E v « 
polarization e. m. f. 

Discharge'.'.",'. * ] } ] ] | i } Go,llomb3 

Resistance.;.Ohms 

Ionizing radiations * 

Shape of electrodes 

Elastance = i/C ..Darafs. 

(Subscript) strength thus G* = dielectric 
strength 

Time..Sec. 


Temperature.! 

Current density. 

Volume. 

Energy, ... . 

Energy density. 

Resistivity. 

Conductivity,,..... 

Elasticity... 

Angles. 


...... Deg. Abs. 

.Amps./cm. 2 

.Cu. cm. 

.Watt-sec. 

. *... .watt, sec/cu. cm. 

.mho/cm. 3 

.ohm/cm. 3 

..Darafs. 

.Deg. 


“ 2 V f (Angular velocity).radians /sec. 

A,B,. .S (Subscripts) Limits of ranges 
A, B . . S (Not subscripts) Ranges. 

COLOR BY WIRE 

It has been reported that a new invention at the 
Massachusetts Institute of Technology makes possible 
the matching of colors by wire or radio. Exact re¬ 
productions of any shade can be made without the 
possibility of visual error, thus advancing the industries 
from dependence upon thehumap eye. 

The color specimen is placed in a holder close to a 
high-power electric lamp. Light is alternately reflected 
from it and from a block of magnesium carbonate, the 
whitest.of the world’s*substances, and variation of 
reflection from these two surfaces.is registered by a 
photoelectric cell and transmitted in electrical impulses 
by either wire or radio .—Interstate News, Nov. 1, 1927, 
Indianapolis, Ind. 
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Printing Telegraphs on Non-Loaded Ocean 

Gables 

BY HERBERT ANGEL 1 

Associate, A. I. JS. E. 


Synopsis.—This paper discusses the application of printing 
telegraphs to ocean cable operation. Reference is made to various 
improvements in apparatus and operation, lending toward increased 
output, and the effect of the application of these improvements from 
the laying of the first cable to the present lime. Telegraph codes and 
their relation to speed and their applicability to printer operation are 
also discussed. 


History 

INCE the laying of the first successful ocean cable 
between Heart’s Content, Newfoundland, and 
Valentia, Ireland, cable engineers have worked to 
increase the output or speed by improving the terminal 
apparatus and by the use of more efficient operating 
methods. 

The progress made in cable operation since the early 
cables were laid will be more readily appreciated if we 
note the various steps of increased output of a given 
cable, laid approximately 50 years ago and which is 
still in service. , 

The original speed or output of this type cable when 
operated with the mirror galvanometer was about 70 
letters per minute. By the use of the siphon recorder 
this, speed was increased to 80 letters per minute or 
13.3 words per minute. With the application of the 
duplex principle, by which two messages are sent at the 
same time, one in each direction, the output was practi¬ 
cally doubled to 160 letters per minute. Then followed 
the introduction of the automatic transmitter raising it 
to about 220 letters per minute. The addition of the 
magnifier further increased the output to about 300 
letters per minute. With printer operation the output 
of this cable has been increased to something like 375 
letters per minute. 'A:*"' 1 ' 

From this review, it will he seen that the original 
output of this cable of 70 letters per minute has been 
increased over 500 per cent, all of which has been 
brought about by the development of transmitting and 
receiving apparatus. 

Object of Printer Operation on Ocean Cables 

There were at least two objects in view in applying a 
printing telegraph system to ocean cables. One being 
to further increase the output of the cable and the other 
to make the operation wholly automatic. 

Up to the time of introduction of the cable printer, 

cable operation might be considered as semi-automatic; 

' * 

1. Telegraph Engineer, Western Union Telegraph. Co„ 195 
Broadway, New York, N. Y. 

Presented at the Summer Convention of the A. 1. E. E., Detroit, 
Mich., June 21-24,1927. Complete copies upon reoucsl. 


Transmission methods, shaping of Ike signals, variable lag and 
the effect of earth currents are also described in the paper. Manual, 
semi-automatic- and full automatic operation of long ocean cables are 
covered briefly. The characteristics and advantages of regenerative 
repealers arc pointed out and the operation of printers on cables 
described. 

* * * * + 


that is, .while the transmission was automatic the re¬ 
ception was not, as it was necessary that the siphon 
recorder signals be manually translated by skilled opera; 
tors, whereas with printer operation the signals are 
translated mechanically and printed on a page or tape 
as may be desired. 

Problem of Transmission 

Before discussing the actual work of the printing 
system it may be well to consider first the problem of 
transmission. This being fundamental it should be 
clearly understood in order to more fully appreciate 
what follows, In all systems of wire communication 
a necessary element is the code of signals or telegraphic 
alphabet to be used for transmitting the message. 

In this discussion the term code may be interpreted 
as a series of predetermined combinations of one or 
more electrical impulses or time units. These code 
combinations must be transmitted over the cable and 
translated into the letters of the alphabet at the 
receiving end. The selection of the code, (for 
there are several lands), determines the number of 
letters or words per minute which can be transmitted 
over a cable. The reason for this being that different 
codes have different time unit lengths. Not only do 
different codes vary in time unit length, but a particular 
code may in itself have combinations of variable time 
unit lengths. 

For example, the international Morse code has an 
average length of about eight and one-half time^units 
per combination or character, some of the. combinations 
containing only four units and some twenty units. In 
the cable Morse code, which also has combinations of 
variable length, the average time unit length is 3,7 
units. Such codes may be classed as non-uniform 
codes. Then there are the uniform codes in wTlieh each 
combination is of equal length such as the Baudot 
code of five time units and the Cook code of three 
units, so that we have at least four kinds of codes 
available for transmitting intelligence over the cable. 

The next logical step is to determine the best code to / 
use for the work to be undertaken. For this purpose 
reference will be made to the code used on the cable 
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selected for this comparison and the speed at which the 
cable is operated. The speed of a cable is usually 
referred to in terms of the number of letters that can 
be transmitted and recorded in one minute. This is 
determined in practise by finding the highest rate of 
speed or frequency at which alternating current, or, as 
termed in cable practise, reversals of current can be 
transmitted over the. cable and that will arrive at the 
receiving end with sufficient amplitude to properly 
operate or deflect the delicate recording instrument. 
This rate of speed is termed the working fundamental 
t frequency. It does not, however, mean it to be the 
maximum frequency of the cable which is probably 
much greater. 

With the code originally used on this particular cable 
as a basis, it can be determined which code should be 
used for printer operation, bearing in mind that the 
printer must necessarily yield an output as good as, or 
•preferably better than the cable Morse code. 

Codes 

Previous to the installation of the printer, this partic¬ 
ular cable was being operated at the rate of 150 letters 
per minute using the cable Morse code of 3.7 units. 
This means thaf the maximum number of time units 
that can in practise be transmitted over this cable is 
150 X 3.7 = 555 units, which reduced to terms of 

555 

fundamental frequency is 2 or 4.6 cycles per 

second. The output in letters per minute for any stated 
code is found by dividing the known speed of a given 
cable in time units per minute, by the figure represent¬ 
ing the average number of units of the code under 
consideration. 

Applying this formula to the particular cable just 
mentioned, the speed of which was 555 time units per 
mftrute, the output in letters per minute for the different 
codes would be: 

International 

|l': (Two-current = 65.3 letters per minute 

;t;,. : non-umform code) 0,0 

s#j|j.Oable Morse #■.. r ' 1 -(?■>•. 

(Three-current - 160 letters per mnute 

non-uniform code) ■ 

Baudot '555 

(Two-outreiSt —— = 111 letters per minute 

uniform code); % 

* Cooke ' ' ? ]\... •: , 

(Three-current ~~ = 185 letters ihftr mirviifn 


- 150 letters per m nute 


Ill letters per minute 


uniform code) 


3 


=7 1^5 letters per minute 


Of the' 1 four codes available for printer operation, it 
is obvious that the International code gives too low an 
output and may therefore be eliminated for this reason 
and also because a non-uniform code requires a more 
complex printer mechanism than does a uniform code. 
The Cable Morse, or three-current code, may also be 
eliminated because of its non-uniformity. 

This leaves .two codes for consideration, the Baudot 


e five-unit and the Cooke three-unit. The five-unit 
7 c °de was chosen for the first experiment. 
i The question may arise as to why the longer code of 
s the two was selected if increased output is to be a 
f factor in the development of a printing system. The 
3 answer is that while both the Baudot five-unit code 
; anc | the Cooke three-unit code are uniform so far as 
* f lie * r « n it lengths are concerned, there is still another 
important difference. The Baudot is a two-current 
. code while the Cooke is a three-current code. The 
[ two-current code is made up of positive and negative 
!' impulses and the three-current code of positive, negative 
and zero impulses. The two-current code is more 
desirable for printer operation than the three-current 
code because it makes for greater simplicity of 
mechanism. 

A further and important reason for selecting the two- 
current Baudot code of five units is that it is adaptable 
to a method of transmission, discussed later in the 
pa])oi’, which permits the actual doubling of the number 
of letters per minute shown in the above table of 
speeds. In this case, we have the apparent paradox 
of the longer code giving a higher output than the 
shorter code. The three-current code is not adaptable 
to this method of transmission. 

Notwithstanding these differences, however, both the 
Baudot and Cooke codes were tried out in actual service 
for purposes of comparison. • 

The first cable printer experiment with the five-unit 
code was tried over an ocean cable previous to the 
outbreak of the World War. The results of this ex¬ 
periment were considered satisfactory but a continua¬ 
tion of the test was interrupted due to the war’s out¬ 
break and the investigation was then confined to the 
laboratory. The second ocean cable experiment was 
tried out ilj 1916, this was with- the three-unit code. 
The results of this experiment were also considered 
satisfactory and this system was operated under regular 
traffic conditions between Ireland and Newfoundland 
during 1919 and 1920. Later the investigation led 
back to the five-unit code which was also operated 
between Ireland and Newfoundland and has been in 
continuous operation for several years. 

Principle op Ocean Cable Printing Telegraph 
System 

A printing telegraph system applied to an ocean cable 
does not necessarily introduce new features with respect 
to the actual operation of the cable itself. It merely 
provides an organization of apparatus for transmitting 
the signals representing the letters of the alphabet and 
for causing them to he automatically translated into 
printed characters at the receiving end of the cable. 
Heietofore, this translation has been the work of the 
skilled operator. • 

Basis of the System ■ • 

The basis of the cable printing telegraph system is^lt 
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that the cable printer was developed, the land-line single- 
channel systems transmitted seven impulses per 
revolution of the distributor. This lengthened the code 
to seven time units, five units being used for the code 
and^two junits for synchronizing and overlapping time 
between. Jthe fifth and first impulses. The difference 


yield ah output better than the shorter cable Morse 
code. This is brought about in the following manner: 

Referring to the paragraph under Codes, it was shown 
that the practical fundamental frequency of the cable 
in question was 4.6 cycles per second or 555 half waves 
per minute. Also that these waves or signals in cable 





between 5 and 7 units gives the cable printing system 
about 1.5 times more letters at any given frequency. 

The other feature was earlier referred to in this paper 
as a method of transmission by which it becomes pos¬ 
sible to double the output of a five-unit code printer 
system. That is to say,.the five-unit code, is made to 


Morse operation must be of sufficient amplitude to 
properly operate the delicate cable relay. Further it 
was shown that at»the above frequency the cable Morse 
yielded 150 letters per minute and the five-unit code 111 
letters per minute. 

Heretofore, it has been the practise in cable work/ 
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to increase the speed of transmission only to such a point 
that the attenuation of the arrival signals does not 
decrease the amplitude below that required to properly 
operate the delicate receiving relay. In this method of 
transmission when applying printer operation to long 
cables, 'increased speed is brought about by taking 
advantage of the attenuation. 2 

This is accomplished by increasing the rate of trans¬ 
mission to practically twice the rate of the cable Morse 
speed. In this case the fundamental waves or alterna¬ 
tions are attenuated to such an extent that they are 
practically uridiscernable at the receiving end of the 
cable and, of course, cease to deflect the cable relay. 
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Pig. 2— Oscillogram op Cable Printer Siqnals 


To all intents and purposes these waves arrive as zero 
impulses similar to zero impulses as employed in cable 
Morse code operation. A wave of two-unit length, 
however, will now arrive with the same amplitude and 
duration as a single wave in cable Morse operation. 

It will be understood from this then that a single 
wave or a series of alternating waves will arrive at the 
distant end of the cable as zero waves and that the 
cable relay will now be deflected only by a wave two or 
more units in length. In the case of the non-arrival of 
the single waves, a local impulse or wave producer is 
employed to fill in the missing impulses and to recon¬ 
struct or regenerate the received signals so that they 
resemble the original transmitted signal. 3 

This wave producer forms a part of the printer 
regenerative circuit. It is shown theoretically in 
Pig. 1 at F, FT,FR,FS and F P to potentiometer 
Ri.R*. This circuit is through an auxiliary winding 
of the printer relay which reverses the relay tongue to 
its opposite contact when the cable relay is deflected to 
the “no-man’s land” or zero position and automatically 
fills in locally the reversal waves which fail to arrive. 

The transmitted, received, and regenerated singals are 
shown in Fig. 2, in which are depicted the combinations 
of[impulses or waves for the characters S OG. 

A = the signals from the contacts of the transmitter. 
„ B - the signals from the contacts of the cable local 

2. This principle was first suggested by K. Gulstad in 1898, 

and was applied to tlie operation of cofnparatively short sections 
of oable. • 

3. In 1913 Walter Judd and Benjamin Davies, of England, 
invented a method for doing this and were the first to apply this 

• principle to long ocean cables. 


relays showing a straight zero line where the 
single waves are missing. 

C ~ the signals from the cable local relays (B signals) 
picked off by the regenerating action of the 
printer apparatus and the missing impulses 
filled in. 

D = the B and C signals reassembled and re¬ 
generated into their original shape as at A. 

A cable printing system has now been shown, employ¬ 
ing a five-unit two-current code by which^can be trans¬ 
mitted over this particular cable practically twice as 
many impulses as can be sent with the three-current 
cable Morse system; namely, 555 X 2 or 1110 impulses 
per minute. Correspondingly a greater number Of 

. 1110 - In 

letters per minute are transmitted, viz.) —-g- or 222 

letters, as compared with 160 letters obtained with the 
cable Morse code. 

The Cooke three-current code and the cable Morse 
three-current code cannot be used in the manner just 
described because a zero current element forms part of 
these codes. Hence, there would be no way to ..dif¬ 
ferentiate between the zero forming part of the code 
and the zero resulting from the suppression of the single 
waves. 

As already stated in the earlier part of this paper, 
the printing system was successfully operated over an 
ocean cable between Ireland and Newfoundland. This 
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Fig. 2A—Schematic Diagram op Rotary Repeater for 
Cable Morse Code Operation * 

was not, however, the final solution of printer applica¬ 
tion to ocean cables. The next problem was to extend 
the system so that it would operate directly between the 
two terminals of a cable circuit, as between London and 
New York. •. : 

This problem was met, and the solution provided, by 
the development of the regenerative repeater. A 
regenerative repeater consists of apparatus which, to all 
intents and purposes, functions similarly to the printing 
system which we have just discussed. , fi 

It must be capable of mending, as it were, or recon¬ 
structing the more or less distorted signals, received at 
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tHe end of a land line or cable and retransmitting them 
into the next section as new or regenerated signals. 

There are at least two kinds of regenerative repeaters, 
one known as the rotary, and the other, as the fork 
repeater. Such a repeater consists of synchronous ap¬ 
paratus arranged to pick out the best portion of the 
arrival signal and reconstruct it so that it is identical 
with its original shape. 

This type of repeater permits direct operation be¬ 
tween terminals separated by great distances. As an 
example of its efficiency, a direct circuit with printer 
operation was successfully worked between London and 
San Francisco. This circuit was about 7400 mi. in 
length including 2600 miles of submarine cable and 
4800* miles of open line. There were 21 repeat¬ 
ers in the circuit, five being regenerators between New 
York and London and the remainder being stand- 


journal A. I. E. E. 

such a direct bearing on the operation of printing 
telegraphs over ocean cables that it necessarily becomes 
of primary importance. Much has been written about 
this particular subject, and cable engineers have 
devoted considerable time towards improving the defi¬ 
nition of cable signals. The recent new type^of^ft^< 
malloy loaded cable developed by the Western Electric 
Company is a radical departure in cable design and has 
considerably increased the cable output above that of 
the best cables of the standard type. . 

Reception of cable signals in its final analysis simmers 
down to "signal shape." 

As an illustration of the relative difference between 
the shape of the transmitted and received signals, a 
group of signals is shown in Fig. 4, in which A represents 
the transmitted signals and B, the received signals. 
It is this difference between the sent and received 


v 
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Fig, 3—-Map of London—San Francisco Circuit 



; ard land line repeaters. Fig. 3 shows the magnitude 
dt the London-San Francisco circuit. 

Regenerative Repeaters 
Regenerative repeaters have been in use on the 
Western Union cable circuits for a number of years and 
practically all of its old type ocean cables are operated 
as direct through circuits between London and New 
York. 

_ 1*** addition to the type of regenerator disclosed in 
Fig. 1 in connection with the printer, another type of 
regenerator is shown in Fig. 2a. Here the regenerator 
is shown as adapted for cable code. The segments G 
l Pick U P a portion of the received signal from the relays 
.2? and. R l and transmit it into the biased pick-up 
relays via brush B R and ring <S. These relays in turn 
operate the biased regenerating relays via A, B, C, 

■■ E > segments C l , ring S and the windings of the pick-up 
relays. The regenerative relays transmit the new 
' signal into line L. 

PTTrYW rvp QinXl.A T 6 nirnvb Hint* A \T 7^ i nt nrt 






signals whfch must be corrected for automatic working. 

In the discussion of the reception of cable signals, at 
least four characteristic effects met with in every day 
working are referred to, namely: 

1. The "swaying effect" caused by earth currents. 

2. The “falling-away effect” of certain signals due 
to.the charging up process of the cable and its associated 
condensers. 

3. The "wandering zero effect. 

4. The “variable lag effect." 

The latter two effects are the result of a condition in 
„.ie cable brought about ‘ 
having variable lengths. 

To illustrate the meai.o .m wuatciauuug meats uiuer 
ent effects, a schematic diagram of-a . 

used for printer operation is represented in Fig. 5 in 
which, M is the Heurtley hot wire magnifier and C R, 
the cable relay. d . • • V: 1 

4, There Are at least three types of cable relays; the Drum 
relay of S. G. Brown, England, Gold Wife Relay of A. Muirhead, 
England, Antenna Relay of Eastern; 1 Telegraph Company 
England. • T, 
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In the figure it is shown that the cable is operated 
with unshunted sending and receiving condensers. 
The condensers serve the purpose of preventing, to a 
certain extent, the flow of the relatively low-frequency 
earth currents which are more or less preyalent in 
transatlantic cables. 

•The inductance shunt in Fig. 5 serves a two-fold 
purpose. It helps to improve the definition of the 
received signal and to counteract the effect of "wander¬ 
ing zero." The correction or shaping circuit in Fig. 5 


Fig. 



A 


4—Showing Difference Between Sent and Received 
Signals 


is for counteracting the "falling away effect” of the 
arrival signals as they are passed into the cable relay 
and for transforming the curved waves into square- 
topped signals. 6 

In Fig. 6 is shown a group of signals in which A 
represents the original transmitted signals and B, the 
received signals as they pass into the cable relay from 
the magnifier. For the purpose of illustrating the 
“wandering zero effect" and the "falling-away effect" 
upon these signals, a zero line has been drawn through 
the curves to show how the zero portions of the curves 
have wandered from true zero at X, X 1 . 

Record G shows the signals from the contacts of the 
cable local relays before the correction has been ap- 



Fig. 5—Schematic Diagram op Cable Circuit 


plied. Record D shows the signals with the correction 
circuit applied, and illustrates how it has upheld the 
current waves and straightened out the zero waves. 

Variable Lag • 

Variable lag is only troublesome ip, connection with 
the reception of cable signals in their relation to syn¬ 

6. This method of signal shaping was invented by S. G. 
Brown, of England. 



chronous automatic operation. In ordinary sip ion 
recorder operation, it is not apparent, Its effect is o 
shift or displace the arrived signal so that it does not 
arrive in the exact location assigned to it on the ie- 
ceiving distributor. As a matter of fact, in extreme 



Fig. 6 —Showing Uwcoiuiecteii and Ooniufctra® Signals 


cases it has been found that the signals are displaced 
about 36 per cent of their unit length. Variable lag is A 
the result of irregular or non-uniform transmission. 
A regular or uniform transmission is one in which 
continuous alternations or reversals of current of 
equal amplitude and duration are sent into the cable, 
and if the alternate half waves he free from bias or 
other defects, the electrical condition of the cable 
remains constant and the waves arrive in exact phase 
with the corresponding segments of the receiving dis¬ 
tributor. Any deviation from this kind of transmission 
produces a variable condition in the cable, and the effects 
of shifting lag become evident, resulting in the wave 
crests appearing at indefinite points on the receiving 
distributor. 

The difference between arrival signals composed of 
alternating or equal length signals and unequal length 
signals, is shown in the groups of signals in Fig. 7 in 
which A and B represent the sent and received alter¬ 
nating or equal length signals and C and D the sent and 
received signals of unequal length. It is obvious that. 
the unequal length signals arrive in a somewhat dis¬ 
orderly shape, as indicated in D at AT, where some of the 
waves have failed to cross the zero line and- others 
failed to reach the z ero line. 

To counteract or correct the- shifting effect of cable 
signals, several methods are employed. One method, 


-fumrvuiA—r\rxj\rxjiTun-TL™^— 

Fig. 7 —Showing Signals op Equal and Unequal Length 


used in all synchronous telegraph systems is to shorten 
the length of the receiving segments with respect to the 
sending segments. To illustrate this method of lag 
correction, two developed distributor rings are shown 
in Fig. 8. In this case a single transmitted time unit 
or half wave occupies a segment of 72 deg. of the 
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sending distributor face plate, which is shown cut into 
five equal segments. From the figure it is obvious that 
the wave A must shift forward or backward approxir 
mately 50 per cent of its length before it will encroach 
upon the receiving segments R S 2 or R S\ While this 
counteracts the effect of the variable lag, it does not 
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Pig. 9—Transmitting Connections for Suppressed Trans¬ 
mission. Earthing Method 

was developed, whereby the code characters are trans¬ 
mitted in the form of broken alternating waves or 
reversals. 

This is by far the best form of cable transmission yet 
presented and keeps the cable in an even state, coun¬ 
teracting or reducing so far as possible the variable 
lag. It is not being used at present on account of its 


Pig. 10—Showing Difference Between Standard and 
* Suppressed Transmission. Earthing Method 

apparent limitations, as to speed of operation, but 
.further investigations are being made with it. 

Operation op Suppressed Transmission—Earthing 
. Method 

In Fig. 9 is shown a schematic diagram of one of 
several methods used for this kind of transmission. 
The transmitting circuit is so arranged that if two or 
any greater number of unit impulses of like polarity 
come in succession, only the first unit is sent into the 
cable and the cable is then earthed for the remainder 
of! the successive units. For example, in the figure, it 




is assumed that the tape is feeding towards the left 
until hole 1 is presented to oscillating pin A. 

' As pin A rises through the tape, contacts C, C are 
closed energizing relay R via E, C, G, F, G, II, I, R, K, 
in a right direction. The closing of contacts C, C 
causes the latch magnet M to be deenergized through 
the contacts of relay R, This causes the latch D G illS 
of latch magnet M to fall into the path of the oscillating 
lever 0 A connected to pin A. As oscillating pin A is 
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Pig. 8— Theoretical Diagram Showing the Best Position 
op the Receiving Segments with Respect to the Trans¬ 
mitted Wave 

eliminate it. It must bo dGB.lt with at the transmission 
end of the circuit. 

With this in mind, there have been devised various 
ways for transmitting cable signals, the object being to 
« approach as nearly as possible an alternating current 
form of transmission. A modification of this method of 
transmission known as the "suppressed transmission/’ 


■fmr .mr 


Fig. II—Transmitting Connections for Suppressed 
Transmission. Insulating Method 

withdrawn from the hole number 1, it is prevented from 
further rising by the engagement of the oscillating lever 
0 A with the latch D G as shown. 

At the moment contacts, C, C' closed, transmitting 
relay T R closed via E, C, C, F, L, M and transmitted 
one time unit of negative current to the cable, then 


Fig. 12—Showing Difference Between Standard and 
Suppressed Transmission. Insulating Method 

when contacts C, C opened, transmitting relay T R 
returned to its upper contact and earthed the cable for 
the remaining units, 2, 3,4, 5, The action of oscillating 
pin B is identically the same as that of A; in this case, 
however, one positive unit is transmitted by trans¬ 
mitting relay T R' via F\ C\ C\ 0, P, Q and the cable 
earthed for the remaining units 7, 8, 9, 10. 

Fig. 10 illustrates the suppressed earthing method 
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13—Showing Received Signals Produced by Dip 
ferent Methods of Transmission 






of transmission in which A represents signSM'trans¬ 
mitted as blocks and B the signals with all but the first 
unit suppressed and the cable earthed during the time 
of suppression. 

Suppressed Transmission-Insulattnq;Mb^hod 

Another form of transmission tried out to counteract 
the variable lag*effect is a “suppressed transmission” 
in which th e cable is insulated instead of being earthed, 6 

G^Pirst tried by Mr. Pierre Picard in 1898. 
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Fig. 11 depicts a simplified form of the transmitting 
circuit used for this kind of transmission. Depressing 
K operates relay R l and raising Ii operates relay R i . 
The condenser C is adjusted to hold either relay closed 
for the duration of one time unit only, then when the 
relay tongue returns to its contact S the cable is in¬ 
sulated for the remaining length of the signal. 

Fig. 12 illustrates the suppressed insulating method 
of transmission in which A represents the standard 
block signals and B the suppressed signals with all but 
the first unit suppressed and the cable insulated during 
the time of suppression. 

Among other forms of transmission suggested were 
the unbroken or continuous alternating current trans¬ 
mission 7 employing three amplitudes, and curbed 
transmission. 

To illustrate the characteristic cable effects on the 
received signals produced by some of the transmitting 
methods four groups of received signals are shown in 
Fig. 13 in which A represents received signals from 
block transmission, B curbed transmission, C suppressed 
transmission earthing method, and D, suppressed 
transmission insulating method. The zero line running 
through the signals shows in the cases of A, B and D 
that some of the wave crests which should have arrived 
on a negative contact have actually drifted to a positive 
contact and vice versa as indicated at X. In the case 
of C, all of the wave crests arrived on their respective 
contacts. 

Shunted Condensers 

In discussing the various methods of transmission 
and the reception of cable signals, the cable circuit 
represented in Fig. 5, shows the cable to be operated 
with unshunted sending and receiving condensers. 
The reason, as already stated, for using unshunted 
condensers is to prevent the flow of the low-frequency 
earth currents, more or less prevalent in transatlantic 
cables. So far as signal shape is concerned, it seems 
to be generally accepted that signal shape is better when 
the condensers are shunted. 

Abridgment of 

GRAPHICAL DETERMINATION OF 
MAGNETIC FIELDS THEORETICAL 
CONSIDERATIONS 

By A. R. Stevenson, Jr.* and R. H, Park* 

Associate, A, I, E, E. Non-member 

Three papers on the general subject, "Graphical 
Determination of Magnetic Fields," are being presented 
simultaneously to cover three phases of the subject: 

all else remaining the same as in the other method. 

7. This method of transmission was suggested by General 
G. O.Squier. , 

*Both of the Engineering General Department,. General 
Electric Company, Sclineotady, N. Y. 

Synopsis of paper presented at the Winter Convention of the 
A. I. E. E., New York , N. Y., February 7-11, 1927. Complete 
copies upon request. 


1. Theoretical Considerations, 2. Comparison of Cal - 
dilations and Tests, by E. E. Johnson and C. H. Green, 
3. Practical Applications to Salient-Pole Synchronous 
Machine Design, by R. W. Wieseman. In the complete 
paper, which is the first of this series, the authors 
have reviewed the history of the subject, have briefly 
stated the ordinary rules for plotting magnetic flux in 
air and in current-carrying copper, have developed 
additional rules for checking the accuracy of field plots, 
and have given theoretical methods for giathematieally 
calculating the distribution of field in certain cases 
commonly encountered in practise. 

The authors have called attention to the great value 
of the mathematical work by the German engineer, 
Rogowski, and the graphical methods by the French 
engineer, Lehmann. These German and French ar¬ 
ticles contain the only extensive practical applications 
of the plotting of magnetic fields in current-carrying 
regions with which the present authors are familiar.' 
Since it is much more difficult to plot fields in current- 
carrying regions, and since the majority of readers are 
less familiar with this phase of the subject, the greater 
part of the first paper, "Theoretical Considerations,” 
is devoted to a study of such fields. As special 
examples, the mathematical solutions for the magnetic 
field between the poles of a salient-pole alternator and 
the magnetic field in a circular conductor in a circular 
slot are given in Parts I and III, respectively, of this 
first paper. Part II of the first paper contains a set 
of theorems which deal with various questions which 
have arisen while studying this subject—such as the 
proof that there is no refraction of the lines of force at a 
copper-air boundary, but a change of curvature when a 
line of force crosses such a boundary; and a general law 
for checking any field plot by the relation of the mag¬ 
netic intensity and its rate of change to the current 
density and the radius of curvature of the magnetic 
field. The first two appendixes contain practical rules 
for the free-hand plotting of flux distribution in both 
air and copper; Appendix C contains an interesting 
discussion of the conception of vector potential, showing 
how easily it can be applied to the solution of practical 
problems. 

The three papers in this group should be considered 
as one complete whole and the reader will find very 
interesting a comparison between the mathematical 
plots given in this paper on "Theoretical Considera¬ 
tions” and the experimentally determined plots in the- 
second paper on “Comparison of Calculations and 
Tests,” and the practical uses for these methods in the 
design of machinery given in "Practical Applications tp 
Salient-Pole Synchronous Machine Design.” , V 4 

In the early days of the design of electrical machinery, 
magnetic distributions were largely a matter of guess¬ 
work, but in these days of more severe competition and 
closer refinement of design, an accurate knowledge of the 
magnetic distribution is a necessary fundamental of fjiwi; 
greatest importance in determining the best designs. 
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The Law of Corona and Dielectric Strength 

of Air—IY 

The Mechanism of Corona Formation and Loss 


BY F. W. PEEK 1 

Fellow, A, I, E. E, 


Synopsis*— The mechanisms of corona and corona loss have been 
studied with the cathode-ray oscillograph. High voltage power of the 
order of 0.1 wall can be measured with an accuracy of 1 per cent with 
this instrument. The measurements show that the loss follows the 
quadratic law above the visual critical voltage . 

On polished wires there is no loss until the visual critical voltage is 
reached. The loss then starts quite suddenly and takes a finite value 
on the quadratic curve. On cables and imperfect conductors there is a 
loss bel'oto the visual critical voltage on brushes at local "rough” 
spots. The loss due to these irregularities can be represented by the 
" probability law. This is quite in accord with former work. 

In practise it is important not to mutilate the conductors in 
stringing . The really important factor in design is the irregularity 
factor, m 0t for weathered conductors. No line should be operated 
with a corona loss under fair weather conditions. It is not necessary 
from the economic standpoint since large diameters can be obtained 
with special types of conductors . 

The visual critical corona voltage can be calculated with great 


accuracy . As the applied a-c. voltage is increased above the visual 
critical value , the instantaneous critical voltage becomes lower and 
lower until finally corona starts at the zero point of the wave. This 
occurs when the applied voltage is twice the visual critical voltage. 
At still higher voltage, corona starts below zero or on the falling wave , 
The effect is as if the instantaneous critical voltage is reduced by an 
amount approximately equal to the excess of the applied voltage 
above the visual cntical voltage . Thus when the excess is equal to the 
visual critical voltage the instantaneous voltage is zero . This 
occurs when the applied voltage is tunce the visual critical voltage. 
The reaso?ifor this is clearly shown as well as many other interesting 
facts. 

Artificial corona was readily produced with all of the char¬ 
acteristics of real corona after the mechanism was determined. 

The quadratic law seems to be the rational expression for the loss . 

Details of measurements are given in the supplemental paper on 
measuremenis by Starr and Lloyd , "Methods Used in an Investiga¬ 
tion of Corona Loss by Means of the Cathode Ray Oscillograph .” 


Introduction 

T HIS paper records the continuation of an investiga¬ 
tion started in 1910, first reported to the Institute 
in 1911 2 and from time to time thereafter as 
seemed desirable* 

At this time the results of a study with the cathode 
ray oscillograph are given* This instrument, not avail- 
able in a very practical form when the investigation was 
started, has now made it possible to obtain a very good 
picture of the mechanism of corona formation and loss 
as well as to measure small losses. The instrument 
used was of the Western Electric hot cathode type. 
Probably the first work on corona with the cathode 
ray oscillograph was done by Prof. H. J. Ryan who has 
added considerably to our knowledge of this subject, 8 
Resume and Conclusions 
The cathode ray oscillograph used in the investigation 
described in this paper offers a means of studying the 
mechanism of corona loss as well as a means of measur¬ 
ing accurately small low power factor losses* 

- This investigation clearly shows the mechanism of 
corona loss. It was found that the corona loss follows 
the quadra tic law above the visual critical voltage. 

17 Consulting Engineer, General Electric Co., Pittsfield, 
Mass. 

2. Peek, Law of Corona and Dielectric Strength of Air—I, 
Transactions, A. I. E. E., 1911, Vol, 30, pp. 1889-1988. 

3. Ryan and Henline, Hysteresis Character of Corona Forma¬ 
tion, Transactions, A. I. E. E„ 1924, Vol. 33, p. 1118. 

Presented at the Summer Convention of the A. I. E. E. t Detroit , 
Mich., June 20-2Jf., 1927. Complete copies upon request ♦ 


Below this voltage there is no loss on polished con¬ 
ductors but loss may occur on an imperfect conductor 
due to local corona at surface irregularities caused by 
abrasions, dirt, etc. A weathered cable has the 
characteristic of a dirty wire and may approximate 
the quadratic down to the disruptive critical voltage. 
The operating voltage should be below the disruptive 
critical voltage for the weathered conductor. The 
losses due to chance irregularities near the critical 
voltage ai% closely approximated by the probability 
law. This quite confirms the results of the former 
investigations. 

The measured visual critical corona voltages check 
the calculated values very closely. 

The cathode ray oscillograms show quite clearly how 
the corona loss occurs. As the applied voltage is in¬ 
creased above the visual critical voltage, corona starts 
at a lower and lower instantaneous value of voltage on 
the a-c. wave. The instantaneous value of starting 
voltage on the a-c. wave is decreased by an amount 
approximately equal to the excess of the applied 
voltage above the visual critical voltage. For 
instance, when the applied voltage is twice the 
visual critical voltage, corona starts at the zero point 
of the voltage wave on each halLcycle. Thus the excess 
of the applied voltage above e v is 

2e v — ?== e v 

The critical voltage is then decreased by this amount 
orreduced to 

e v ~e v = 0 .' 
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The reason for this is quite evident. After corona 
starts, a tube of corona surrounds the conductor and 
is charged through the “corona arcs” up to the maxi¬ 
mum of the wave when the arcs go out or corona stops. 
This corona tube or “space” charge increases quite 
suddenly to a finite diameter at the start and then more 
gradually as the maximum of the wave is approached. 
This charge caused by the excess voltage returns 
towards the conductor with the falling wave and adds 
to the charge caused by the applied voltage on the 



Fig. 1—Arrangement op Vertioal Plate and Conductor 
for A Study of Corona by Means op the Cathode Ray 
Oscillograph 

• 

next half-cycle. When the sum of these charges is 
sufficient to cause the breakdown gradient, corona 
starts at an instantaneous voltage less than the visual 
critical voltage. With the start of corona there is a 
sudden rush of current. When twice the visual critical 
voltage is applied, the excess voltage is equal to the 
critical voltage. The charge due to this excess voltage 
is then sufficient to cause corona without any additional 
charge. Corona thus starts on the following half-cycles 
on the zero of the wave as shown above. If the applied 
voltage is further increased, corona starts below the 

zero of the wave or on the falling voltage. 

Corona characteristics can be produced artificially 
by means of condensers.' For example, take two con¬ 
densers and place a gap in series with a resistance 
across one of them. If voltage is applied arid gradually 
increased, capacity current flows until the gap breaks 
down. There is a sudden rush' of current. The spark, 
which represents the corona, continued to the maximum 
of the voltage wave when it stops, This leaves an 
excess charge on one condenser which adds to the charge 
caused by the line voltage on the next half-cycle. The 


gap breaks down at lower and lower instantaneous 
voltage as the applied voltage is increased and becomes 
zero when the applied voltage is twice the initial start¬ 
ing voltage as in the case of corona. 

It is shown that the loss is caused by the charging 
of the space condenser through the “resistance” of the 
corona arc or by the motion of the charge through the 
field and that the quadratic is the rational form for the 
loss to take. 

The formation of corona current is ftiuch faster on 
the negative than on the positive wave. 

The results are of practical as well as theoretical , 
importance. For instance, Fig. 7 shows very decidedly 
•the importance of using care in stringing conductors. 

Methods of Tests 

The cathode ray oscillograph was connected as shown 
in Fig. 1. With this arrangement the field across one 
pair of plates is proportional to the voltage while that' 
across the other pair is proportional to the current. 
When voltage is applied across a capacity load, an 
ellipse is described, as shown in Fig. 2, the abscissas 
being proportional to the instantaneous voltages and 
the ordinates to the instantaneous* current. These 
figures are recorded photographically. The voltage 
deflections to the left are positive while those to the 
right are negative. Positive currents cause deflections 
above the horizontal axis and negative currents below 
the axis. If the voltage wave is known, the voltage and 
current waves can be plotted as shown in Fig. 8. 
Power is easily obtained by measurements of the 
instantaneous voltage and current and by simple 
calculations as follows: 

Each figure is divided into an integral number of 
equal-time sections and the product of the mean 



Fig. 2—Cyclogram of Capacity Current Before tee Start 
of Corona 

ordinate by the mean abscissa is obtained for each 
section. The average of all such products, is then: 
multiplied by the circuit calibration constants, volts 
and amperes per unit deflection of the cathode beam. 
The result is expressed in watts. This is equivalent to 
transcribing the figures to rectangular coordinates and 
then integrating the power wave in the usual manner. ;... 
Power of the order of 0.1 watts can be measured with an j 
accuracy of about 1.0 per cent. 

The general arrangement for corona measurements 
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is shown in Fig. 1. . The measurements were usually 
made between a single wire and a plane. Precautions 
were taken to eliminate the end effect by making the 
measurements on about 10 ft. of wire in the central 
part of the plane. Precautions were also taken to guard 
against stray fields and to prevent phase angle dis¬ 
placement errors. 

Since they are very completely covered in the 
supplemental paper, it is not necessary to go into 
further details here regarding the measurements.' 1 

The assistance of Messrs. W. L. Lloyd, E, C. Starr, 
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Fig. 3—Observed Corona Loss 

Measured by means of the cathode ray oscillograph 
Conductor: 0,0382 cm. diam. smooth 
Spacing: 101 cm. to neutral 
Length: 305, cm. 


T.. M. Hotchkiss and other members of the High 
Voltage Engineering Laboratory Staff in carrying on 
this investigation, is acknowledged. Mr. Starr's work 
in making the measurements was especially valuable. 

Early Work and Laws for Determining Loss and 
- Critical or Starting Voltage 

The .following brief statement of laws established 
in the first paper of the series should be of assistance 
in comparing the earlier work with the present. 

The several laws of corona are as follows: 

The visual critical voltage or the voltage at which 
corona first starts: 


XJ 

e v = gv r log 0 ” kv. to neutral (crest) 


CO 


<7„ = 30 5 (l 


0.3 


V 5 r 


8 = 


3.92 b 


273 + t 


~) kv, per cm. (crest) 
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Where 

r - radius in cm., (Iff 

s = spacing in cm., 

t = temp. deg. cent., • |®|8 

b = barometric pressure cm., ,+J 

The power loss is: • 

241 _ "M 

P — $ (/ + 25) Vr/s (e — Co) 2 10~ 5 kw. per km. of one i i!| 

conductor 
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uio = irregularity factor 
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00 = 21.1 

For small conductors 
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This has been referred to as the quadratic law and 
states that the loss increases as the square of the excess 
voltage above the disruptive critical voltage, e 0 . The 
quadratic law obtains when a plot between \/~p and e 
gives a straight line. The disruptive critical voltage, 
Co, is lower than e„ and, in fact, corresponds to a gradient 
of go ~ 1 - - 
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30 kv. per cm. or the strength of air in a uniform . 'mmim 
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4. Lloyd and Starr, Corona Loss Measurements by Means of 
Cathode Ray Oscillograph, Summer Convention of the 
g:/A. I. E. E., Detroit, Mich., June 20-94, 1927, , 


Fiq, 4—Observed Corona Loss 

Measured by moans of tho cathode ray oscillograph 
n Conductor; 0.520 cm. diam. polished 

Spacing: 161, cm. to neutral 
Length: 305. cm. 

field. In the early work it was stated that with a 
polished conductor, no loss would be expected below 
the visual critical voltage e v . It was further stated that 
the loss should then start quite suddenly and follow the 
quadratic law. For rough conductors the loss should 
he expected below e v due to the surface irregularities. 
This should follow because abrasions, dirt and other 
chance irregularities cause high local stress and thus 
local corona and loss below e v . Since local corona is 
caused by chance conditions, it is difficult to predeter¬ 
mine. It was shown that this loss followed the proba¬ 
bility law. 
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Corona Loss Measurements By The Cathode Ray 
Oscillograph 

Power Loss and the Quadratic Law. In Fig. 3a, 
measurements made by the cathode-ray oscillograph 
are plotted between loss p, and voltage e, for a small 
wire. The V'p is plotted with e in Fig. 3b where 
the resulting straight line is the test of the quadratic. 
The loss starts suddenly at e v and follows the straight 
line. The extension of this line cuts the axis at e 0 
or e,i. Between e 0 and e v there is very little loss for this 
relatively smooth wire. This curve is a check on the 


. * Observed Values of q 
- « Observed Values of qd. 
‘ Curves Calculated from 
:~qv-30 c5(U^) 
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quadratic law for voltages up to ten times the starting 
voltage. 

Fig. 4 shows that a larger polished wire also follows 
the quadratic law above e„, or that 

p = k (e~ e 0 ) 2 . 

The Disruptive Critical Voltage and Visual Critical 
. Voltage. The disruptive critical voltage e d or e 0 is due to 
a gradient of 30 kv. per cm. at the conductor and is the 
I voltage used in the quadratic, for large conductors; 
'e d is used for small conductors. The gradient go cor¬ 
responds to the strength of air. Quoting from the first 
paper, “With perfect conductors loss does not start 
at the voltage e 0 , at which the disruptive gradient is 
reached at the conductor surface, but only after the 
disruptive strength of air has been exceeded over 
an appreciable distance from the conductor, that is, at a 
higher voltage e v . With such conductors there would 
be no loss until e v were reached. The loss would then 
suddenly take nearly the definite value calculated for 
this applied voltage by the equation.” 3 With the 
usual imperfect conductors there is loss below e„ due 
to tufts of visual corona at local irregularities. Any 
appreciable corona loss is thus always accompanied by 
visual corona. For a dirty or mutilated wire, loss 
occurs at local brushes below the true e v for the wire. 
These local losses below or near the critical voltage are 
difficult to predetermine because they are caused by 
chance conditions. This is generally not of great 
practical importance as it is desirablg to operate below 
e 0 , 'The loss on new wires decreases after operation as 
the irregularities are burned off. The local irregularity 
loss £hen becomes insignificant compared to those 
caused by dew, frost, rain, etc. 


Values of g v and g d or g a determined by the cathode 
ray oscillograph are the plotted points in Fig. 5. The 
drawn curves are the calculated values. The check is 
very good. 

Loss Near the Critical Voltage and the Effect of the 
Condition of the Conductor Surface. In Fig. 6, loss 
curves are plotted for a rough and for a highly polished 
wire both directly between p and e and between V"p 
and e. The curve between the V p g^id e shows that 
the loss follows the quadratic law. For the polished 
wire there is no loss until e„ is reached. At that voltage 
the loss suddenly takes a definite value on the quadratic” 
curve. With the rough wire there is loss below e v 
due to local brushes at irregularities. The loss'on the 
rough wire is in excess of the loss on the smooth wire 
up to about twice e„. As determined in the early work, 
this excess loss follows the probability curve 

p — q —e)2 * 

• Fig. 7 shows loss curves near eo for smooth, rough 
and mutilated conductors. The excess loss for the 
mutilated conductor is shown by the dotted line. 
The ratio between e 0 for the rough and polished wires 
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Fig. 0—Observed Corona Loss 

Measured by means of tlio cathode ray oscillograph 

Conductor: 0.928 cm, diain.'smootU (1) * 

mutilated (2) 

^ Spacing: 101. cm. to neutral 

Ledgtti: 305, cm, 

gives the irregularity factor m 0 . After’ operation or 
weathering, the loss at e 0 becomes quite small. „ 

The measui’ements by the cathode ray oscillograph 
are thus quite in agreement with laws formulated in the f 
former work as follows: 5 ' * 

a. At the visual critical voltage and above, corona 
loss follows the quadratic law over a wide voltage ran^ :j|t| 






p = k (e - e 0 ) 2 


Airk : 


5. (a) Peek, Law of Corona and Dielectric Strength of 

Trans, of the A. I 4 E. E,, Vol. .30, pp. 1889-1988.. (b)- 
“Dielectric Phenomena in High VoHage Engineering,” 

Hin. 1 1 


v • 




6 











PEEK: THE LAW OF CORONA AND DIELECTRIC STRENGTH OF AIR—IV Journal A. T. E. E. 


b. There is no loss below e v for polished wires. 

c. For roughened wires, there is a loss below e» at 
spots due to local corona. The critical voltage, e 0 , is 
then decreased by a factor m 0 . This irregularity loss 
follows the probability curve. For the ordinary 
weathered cable, the loss is generally not far from the 
quadratic down to e 0 . 

d. Co, e<j and e„ check former measurements. 

The loss as affected by various factors will be more 
critically studied later in connection with the cyclo- 
grams. In the curves in Figs. 3, 4 and 6, the loss is not 
^educed to the equivalent of parallel wires. This can 
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voltage on the a-c. wave actually becomes zero when the 
applied voltage is approximately 2c and finally crosses 
zero at higher applied voltages. 

The visual critical corona voltage or the a-c. voltage 
at which corona starts when a low voltage is applied 
and gradually increased, is very sharp and definite 
and can be determined with accuracy. The formula 
for calculating this voltage is given above and seems 
to check well with the present tests. When the voltage 
is increased above the visual voltage and then reduced, 
the corona stops at the same voltage at which it started.- 

Loss occurs when the voltage is above the critical 
voltage. A study of the instantaneous corona at volt¬ 
ages in excess of the critical voltage is thus important 
to an understanding of the mechanism of. corona loss. 
Fig. 8 shows a set of cyclograms taken on a wire. The 
top figure was made just at the start of corona at e vi 
and represents capacity current with a slight corona 
hump at the maximum of the voltage. The ordinates 
give current, while the abscissas give voltage. Follow- 
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KILOVOLTS JO NEUTRAL (EFFECTIVE) 

Fig. 7—Observed Corona Loss 

Measured by means of tlio cathode ray oscillograph 
Conductor; A. 0. S. R, Gable 

Aluminum—30 strands, 330,400 cm, 
Steel—7 strands 
Dlam. 0.741 in, 

Length: 10.0 ft. 

Spacing to nteutral: 63.6 in, 

1 Glean and Bmooth 

2 Rough 

3 Badly mutilated 


be done by a correction factor. The loss is somewhat 
less than that for parallel wires due to the fact that the 
ground plate from which current was taken was not of 
infinite extent. Part of the flux went to this plate and 
part to the equivalent of an infinite plane. The loss 
may he corrected so that it corresponds to one of two 
parallel wires of the given length by multiplying by 
the proper factor. 

The Mechanism of Corona or How Corona Forms 
The Critical Voltage or Breakdown. The cathode ray 
oscillograph gives a very good picture of the mechanism 
of corona formation from instant to instant during the 
a-c. wave. Some exceedingly interesting facts have 
been observed. For instance, as the applied voltage is 
increased above the visual critical voltage, e v , corona 
starts at a lower and lower instantaneous voltage on 
the wave. The instantaneous„ value of the starting # 
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8—Variation of Instantaneous Corona 
Voltage with Applied Voltage 


Starting 


ing the X axis to the left, it will be noted that a sudden 
increase of current or hump starts just before the 
maximum voltage is reached, and at an instantaneous 
voltage not far from e„. At the maximum voltage, the 
corona hump disappears. The curve is then ap¬ 
proximately the capacity ellipse, altered.somewhat by 
the motion of the space charge, until corona starts 
again on .the next half cycle. The polar diagrams have 
been translated to*the usual rectangular co-ordinates at 
the right. The corona hump is well shown in these 
figures. It will be noted that the corona starts at a 
lower and lower instantaneous voltage as the applied. 
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voltage is increased until in the last figure the in¬ 
stantaneous starting voltage on the a-c. wave e,- is 
almost zero. At a still higher voltage, ej passes 
through zero or becomes negative. Referring to 
Fig. 11 a, when the voltage is gradually increased, 
corona starts at the maximum of the wave when the 
visual critical voltage' e v is reached. This voltage is 
very definite. When a higher voltage, e, is applied 
as in Fig. llB, corona starts during the first half- 



Em. io— Comparative Cycloguams Showing the Influence 
op Conductor Surface Condition upon Corona Discharge 
Characteristics 

Conductor: A. O* S. R. Gable. 0,741 in, diam. 

330,400 cm. cross-secfcton area 
Spacing: 63.6 In. to neutral 


cycle at the instantaneous voltage e„. The charge 
on the conductor is then q v or the flux is e v is the 
voltage necessary to produce the flux or the charge 
required to cause the breakdown gradient p„. In this 
particular example, assume that the $ire*at the start 
is negative. After corona begins, the positive ions are 
attracted to it and discharged. The repelled ions 
become in effect a charged cylinder, of varying diameter, 
surrounding the conductor. The stress between the 
conductor and this charged cylinder, or “space charge,” 
now remains more or less constant with increasing 
voltage or just high enough to maintain the corona 
charging arcs; see Fig. 15. The stress is limited by the 
breakdown gradient of the air, go. Corona continues to 
form and to increase the outer cylinder until the maxi¬ 
mum voltage is reached or slightly passed, when it 
stops. At. this instant, the stress between the wire 
and the corona cylinder is just below the breakdown 
value. With decreasing voltage, the stress between 
the wire and the space charge decreases and somewhere 
on the descending wave becomes zero. This leaves for 
the instant the total flux on the space charge. The 
conductor and the space charge are hen at the same 
potential. This occurs at e - e v on the descending 
wave. If there were no drop in the corona, this con¬ 
dition would occur at the maximum of the wave. With 
reversal of'the voltage, the space charge, in effect, adds 


to the charge on the conductor. When the sum of 
these two charges becomes, in effect, equal to. q V) so as to 
cause a gradient g v near the conductor surface, break¬ 
down occurs. Then, if the charge due to the voltage 
is r/i, and that due to the space charge is q S) breakdown 
occurs when 

<7i + ?« = Qv 

or in terms of flux 

In Fig. 11b, the voltage has been increased above 
e v . It is seen that corona starts at the reduced insltan--> 
taneous voltage e, on the second or T half-cycle. This 
is the voltage necessary to produce the flux fa The 
effect is as if the charge q, produced by the excess in the 
voltage above e„ on the first half-cycle were added 
directly to the charge on the conductor in the next half¬ 
cycle so that corona starts when the sum of these be¬ 
comes q v . In other words, corona starts at the in¬ 
stantaneous voltage e v on the first half-cycle that the 
voltage is applied. On the next and following half¬ 
cycle it starts on the wave at a lower instantaneous 
voltage, e<. Fig. 12 shows this graphically. 

In Fig. 12a, flux just sufficient tb start corona at 
voltage e v is shown leaving the conductor. Corona 
“arcs” are about to form, suddenly increasing the volt¬ 
age across increased capacity and causing the sudden 
increase in current shown in Fig. 8. Fig. 12b shows the 
conditions at the maximum of the voltage wave.- 
The outer cylinder has been charged through the 
corona "arcs.” The stress at, the conductor is still 
sufficient to maintain corona and there is considerable 
flux from the corona cylinder. The space charge 
cylinder has been fully charged and the “ares” die out as 
the voltage starts to fall. Fig. 12c shows the point 
on the decreasing wave where all the flux is on the space 
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Fig. 11—Mechanism of Corona 

charge and there is no voltage between the conductor 
and the space charge. In Fig. 12 d, corona is starting on 
the second half-cycle at the reduced voltage e t . The 
same flux is attached to the conductor as caused by the 
voltage e„, in Fig. 12 a. The flux is caused partly by 
e { and partly by the space charge. It is thus not. 
necessary for Cj to be so great as e v to cause the breajp- 
down gradient. 

The reduction in instantaneous critical voltages is 
^approximately equal to the excess of the applied 
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voltage above «,.■ Thus, iU is the applied voltage, 

Q —' js; Cy 

or 

= 2e„ - e. 

This equation states that the instantaneous starting 
voltage, e it is zero when the applied voltage is 2e„ 
or that when the space charge is in eflect q Xi no ad¬ 
ditional charge is needed to start corona. Instanta- 


x axis. At 420 cycles, as would be expected, the leakage 

is not appreciable. , 

It is stated above that the stress at the conduc 
after corona starts does not increase with increasing 
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O 40 80 *20 160 200 

UN E VOLTAGE KILOVOLTS TO NEUTRAL (MAX.) (e m ) 

'Variation of Instantaneous Voltage op Corona 
Formation with Line Voltage 

Conductor i Solid-smooth surface. 0.015 in. diameter 
Spacing to neutral: G3.5 in, 

voltage but remains at a value just sufficient to keep the 
air broken down and to supply the outer cylindei or 
space charge, This is illustrated by the test curves m 
Fig, 15. The voltage was measured between the 
conductor and small wires placed at different points in 
space. It will be noted that the voltage between these 
points increases directly with increasing voltage until 


2 ,Ji| Positive 
] ^ Negative o; 


Fig. 12—Mechanism op Corona 

A. Just at start of corona. Flux from conductor only _ 

B. Just before corona stops at crest of voltage wave. mux. fion 
conductor and space cliargo 

a. After corona, stops, Flux from space charge only 

d, Just at second start of corona. Flux from apace charge adding to 

conductor chargo ^ 

*" Center figures. Schematic diagram of corona discharge circuit 

neons'voltages, e<, are plotted with applied voltages in 
Fig. 13. Note that e< is zero at approximately 2e,„ 

If the above rule held over a wide range of voltage, 
if would be found that 

■ e + e { - 2e v = constant 

As a matter of fact, as would be expected, the tests 
show that e + e> is not constant, but approximately so, 
near the critical voltage. Actually, the effect is as if the 
total space charge were not effective in reducing the 
critical voltage, but that , '. . '■ 

e< = e v — (e- e„) a 

wfiere a.-is a leakage factor and is less than unity. Fig- 
14 shows this for several different wires. If the total 
charge were effective, the curveswould be parallel to the 
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e - KILOVOLTS MAXIMUM APPLIED 

Fig, 14 — Variation of &i + e 'with Line Voltage 

a - instantaneous disruptive corona voltage 
e = Maximum line voltage to neutral 
Conductor: 

1 0.464 cm, radius polished 

2 0,2130 cm. radius polished 

3 0.019 cm. radius smooth 
Spacing: 101. cm. to noutral 

the critical voltage is reached, after which the voltage 
remains more or less constant. 

Artificial Corona. The mechanism of the corona 
breakdown can be illustrated with condensers. For the 
sake of simplicity? take two condensers as in Fig. 16. 
Shunt one of these with a gap set to spark at voltage 
ei and of such characteristics that it never short-circuits 
Cl . This gap thus has a valve action sparking when a 
* yoltage $i is impressed across it but not short-circuiting 
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Cl. On the first half-cycle, the spark, which represents breakdown successively. The actual corona loss 
the corona, starts at the instantaneous line voltage relation would be more nearly approached with a suc- 
e„, because e„ is the total applied voltage that causes cessive breakdown of gaps with increasing voltage. 


1397' 

loss . ■ ' 5® 


the breakdown voltage e ( on Ci. At that instant the 
voltage across c 2 is e v — e.\. With increasing line volt¬ 
age, the voltage across Ci does not rise abpve A because 
of the arc. The excess voltage is placed across c 2 . 
When the maximum of the wave is reached, the current 



LINE VOLTAGE TO NEUTRAL-KILOVOLTS EFFECTIVE 

Fig. 15—Exploration op Static Field. Stjhroukdinq a 
Conductor 

X. « Distance from conductor centor to equipotentlal surface 
B x « Voltage across space X 
Conductor: solid copper, polished 
0.927 cm. diameter ■ 

Spacing: 101.- cm. to neutral 

Critical disruptive corona woltage— 80,8 kv, 

stops and the arc goes out. At a voltage e — e„ on the 
falling quarter of the wave, the total voltage is on c 2 . 
Finally, on the + half of the wave, the voltage across 
■ the gap again becomes and the spark again starts. 
This occurs at the instantaneous line voltage e { . This is 
lower than the instantaneous voltage e v at which corona 
started on the first half-wave, fey the amount that e 
exceeded e„ because an excess charge, (e - e v ) c, on c h 
adds to the charge due to the line voltage, or"' 

Q, ~~~ — dp ■*““ 6f 

e< = 2e v - e ; 

This is the relation arrived at for corona on wires and 
as in the case of corona, the spark starts at zero in¬ 
stantaneous line voltage when the applied voltage is 
twice the critical voltage. The above holds whatever 
A similar voltage relation holds if the gap is permitted to 
short-circuit the condenser except that the gap must 
then he set at double voltage. The voltage relations 
are followed out for several half-cycles in Fig. 16. 
The arrows on the condensers show the relation of the 
fluxes at different parts of the wave. In one instance 


space of the first half-cycle in effect adds to the charge * 
on the conductor of the next half-cycle and breakdown, 
occurs when the sum of these two charges is in effect 
equal to q vi or causes a stress g v . In this particular case, 
the start was made with the wire (—). The returning 
charge was then also (—). Following the new break, 
this was Cancelled by a (+) charge while a (+) charge 
was repelled from the conductor. The space charge 
cylinder moves out with increasing voltage and is 
charged through the corona arcs until the wave reaches 
maximum. The arcs then die out or corona stops. The 
sudden increase of current at the critical voltage is 
caused by a sudden increase of voltage across the in¬ 
creased capacity. Part of the energy in the “space 
charge" field is returned to the circuit and part of the* 
energy is not returned or is returned at the wrong part 
of the wave and is lost. When the conductors are far 
apart, the main part of the loss occurs in the space 
between the conductor and corona cylinder. Where 
the conductors are close together, or the voltage is 
approaching the spark-over voltage, a conduction loss 
is also caused by ions migrating to the opposite con¬ 
ductor. The measurements show that over a very 
wide range of conditions the loss follows the quad rati c law 
p = ki (e- eo) 2 

An examination of the mechanism makes this appear 
the rational form for the loss to take. This seems so 
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Fig.. 16— Operation of Single-Gap, Fixed-Capacitance " '!|3 

Artificial Corona Circuit . ,|^S| 

for the following reasons: The space charge is propor- ' 
tional to (e - «•) C. Energy is required to move this - j 
charge through the field or through the voltage from the \ •: :tj|| 
conductor to the corona cylinder. The voltage be-.' \ejfi 


it will be noted that all of the flux isT attached to the tween the conductor and the space charge or corona 
1 “space charge" or condenser c*.' ' cylinder is proportional to (e - «*) and, in fact, appeal’s ’ 


Compare Fig. 16 with Fig. 12, where the same rela¬ 
tions are shown for actual corona and space charge. 

The cyclograms in Fig. 18 show how closely artificial 
cdfona agrees with actual corona. • 

The Power Loss. The mechanism has so far been 
described up to the point where the charge of the ionized 
the relation between the capacities of the condensers, or 


cylinder is proportional to (e - c 0 ) and, in fact', appears. 
to equal (e - c 0 ) for the higher frequencies and very . 
large spacings. The energy may be considered' 
being lost in the resistance of the corona arcs charging 
and discharging the-corona cylinder. The loss is thus"' 
ii i as (p. — fiA (a — en\ k C — (e — e«i 2 k G S-i<f 


or the power 


Go) (e - e 0 ) k C = (e 
p = 4/Cfc(Weo) 2 


whether one gap is used or several gaps are used to v c The above relation checks the measured valufe^-jfpr 
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Fig, 18—Artificial Corona 
° A—Jusfc above critical voltage 

B—Considerably above critical voltage 

O—Over twice critical voltage—corona starting ,r bolow zero'* 

equation and were originally determined empirically 
in the quadratic law. The part of the energy in the 
space charge that is returned to the circuit at the 
proper part of the wave is not lost but gives the extra 
capacity effect of corona. 

There is no loss at e 0 because breakdown does not 
take place until the voltage e v is reached. There is then 
a sudden break over a finite distance from the con¬ 




large spacings at 60 cycles and for all spacings at 420 
cycles. When the frequency is low or when the spacing 
is small, ions must pass from conductor to conductor. 
.This is equivalent to a leakage loss or loss in a resistance 
intermittently placed from conductor to conductor. 
Then 

V = h tf + a) C (e - c 0 ) 2 

wherein the factors a and k are an integral part of the 


ductor and the loss falls on the quadratic curve with e 0 
as the disruptive critical voltage. The stress between 
the conductor and the corona cylinder is not reduced to 
zero when corona starts but has a value approximately 
equal to g 0 or g d at the conductor and decreases outward 
to the corona cylinder along approximately the same 
curve that obtained just before corona started. Be¬ 
yond the corona cylinder, the average stress must be 
higher or the curve flatter to maintain the voltage 
proportional to e 0 across the portion that is not ionized. 

It might be expected at first glance that the disrupt 
tive critical voltage should be e; rather than e 0 , since 
loss does not start on polished conductors until e v is 
reached. A more critical examination, however, shows 
that following the initial break controlled by g v , the 
strength of air becomes g 0 . Thus, although g v controls 
the start of the loss, after the initial break occurs and 
corona extends out, the controlling gradient is g 0 . This 
follows up to the maximum of the voltage wave when 
corona stops. g v is required to cause the next start, etc. 



Fig. 19—Effective Corona Current During Disruptive 
Interval 

CoiidTictor»n,927 cm. diameter, polished 
Spacing to neutral: 161. cm. 

Length: 306. cm. 


It is interesting that when the applied voltage is zero, 
all of the energy is on the space charge and is 


(e - e v y 


CC 2 

2 Ci. 


For a polished wire the instantaneous corona start 
is extremely rapid on the negative half of the wave, 
while on the positive half it is more gradual. The start 
on the negative half is so rapid that oscillations are 
readily produced. The effect of the conductor surface 
is shown very well in Fig. 10. A cable acts very much 
like a dirty wire. • 

An examination of the power curves shows a dif¬ 
ference for (—) and (-{-) corona. There is not, however, 
any great difference in the actual loss oh the different 
half-cycles. 41 

Figs. 13 and 14 show a slight difference in the in¬ 
stantaneous starting voltages. 

The corona at 420 cycles follows the quadratic law. 
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Heating of Windings Determined from Tests of 

Short Duration 

BY JOHN BASTA 1 AND FRANK FABINGER 1 




Synopsis .— This paper describes the calculation of the “hot¬ 
spot” temperature rise in an electric machine from data obtained 
by a load test of short duration . The chief difference between this 
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curve for the healing has usually been assumed , w/iiZe £/*e. present 
method endeavors io follow more closely the actual conditions. 
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Introduction 

T HE heating of electrical machines and apparatus 
under operating conditions restricts the output 
td certain limits, and for this reason, considerable 
study has been given to this subject. Notwithstanding 
the fact that it has been demonstrated several times 
recently that the heating curve of a normal electrical 
machine does not follow a simple exponential law, it is 
found that in electrotechnical practise, the old methods 
are still being used although they do not give results 
that cheek the actual measurements for the complete 
curves. * 

As a proof of this variation, the rules for maldng 
such a calculation from the “Rules and Standards of the 
Czechoslovakian Electrotechnical Association 1923,” 
p. 425, will be-followed in determining the hot-spot 
temperature rise of a current transformer constructed 
by the Ceskpmoravslca-Kolben Company, Prague, 
Czechoslovakia. 

The auxiliary line to the left of vertical axis of Fig. 1 

d 0 

is obtained by plotting the slope -y of the tempera¬ 
ture-rise curve against temperature rise. The auxiliary 
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24 
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Time Hours 
Fig. 1 

line of the curve should be a straight line if the curve 
follows the simple exponential formula 

e = 0ia- <r% y "■ ; * 


1. Both of the Ceskomoravska-Kolben Co., Prague, Czecho¬ 
slovakia, 


This figure is derived by the application of the rule 
and is a proof that the final temperature rise cannot 
be accurately determined by applying the older methods 
because the auxiliary line differs substantially from a 
straight line. Likewise, the failure of the rule to give 
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Fig. 2 

correct results for rotating electric machines is shown 
in Fig. 2, which is the heating curve of the stator 
winding of an induction motor, built by the same 
company. Again, the auxiliary line cannot be used 
because of its deviation from a straight line. 

Derivation of Formula for Temperature Rise 
of an Induction Motor . 

A formula for the hot-spot temperature risk of this 
induction motor will now be derived. Fig. 3 shows one 
coil of the stator. The parts of the coil imbedded in 
the slots transmit the heat to the surrounding iron which 
is however, also, heated by its own losses. Therefore 
the slot portions of the coils are not cooled as effectually 
as the ends, which are more favorably situated in the 
cooling air. Since the ends of the coils are usually 
cooler than the parts imbedded in the slots, there will 
be a flow of heat toward the ends. The distribution of 
the temperature along the coil, assuming a syfnmetrical 
ventilation, will be represented by a curve, the maxi¬ 
mum point being located inside the machine and the 
minimum in the ends of the coils. (See Fig. 4, a-b.) 
The problem may be simplified by the assumption 
that the temperatures of the slot and end sections are 
uniform, being 6d for the slot and 6h in the end.sections. ! 
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(Fie 4c) Then the flow of heat is due to the difference ft, - Copper ta m slot portion of wicding in watte 
in temperatures. Let Q be the quantity of heat in The equations for the dynomm balance of heat for all 
watteTssing in one second between two equal cross- three parts of the stator will now be denved: 
sections of S sq.cm, located "a" centimeters apart, and fj, .. 1. S 

with a heat conductivity X. Q<> = Cd di +oc,,{ - d 

Then 


0 m ) + „ ( Q<i— 6h) ( 1 ) 


* \ 9 

Q = ^(6,-en) 


\S d Oh 

Qh+—(6o- 6 h ) = Ck -jy + a » e * 


The heat from the slot .section flows in both directions 

to the ends of the coils and the cross-section S is there- Q m + a d (9<i — 9 m ) = G 
fore equal to twice the area of the copper in all the stator 
slots. The distance flow of the heat must now be 


d Or,. 

d t 


+ a„, 0„ 


( 2 ) 


(3) 



Po 

e m 

h 

Oi 

d m 

dh 

at 

C m 

c h 

C d 

s 

X 

a 


These simultaneous differential equations lead to 
three relations for d d , 6 h and 6 m as functions of time t. 
The integrals of these relations give heating curves 
which differ substantially from ideal exponential curves. 
The determination in advance of the final temperature 
of the individual parts requires two points on each heat¬ 
ing curve. Gne of these points marks the beginning 
and is common to all curves; the second set of points 
may be obtained from test continuing until reasonable 
temperature rises are attained, for instance, for 40 
minutes. The test can then be stopped, as it will be 
possible to draw tangents to the curves, the slope of 

d d 

which will express the relations -jj- . • 


determined. The cross-sections, through which there 
is no heat flow, are located approximately in the middle 
of the imbedded part-in the slots and in the center of 
the end portions or heads of the coils. These cross- 
sections are indicated in Fig. 4c by interrupted lines, 
and the distance a between them is also shown in this 
figure. The outline drawing of the coil Fig, 3 also shows 
the points between which the heat flow takes place. 

The further derivation of the equations for heat 
t transfer requires the introduction of the following 
notation: 

Temperature of the surrounding medium. 
Temperature rise of the iron. 

Temperature rise of the heads of the windings. 
•Temperature rise of the slot portion of the 
windings. 

= D'ssipation constant of iron. 

= Dissipation constant of heads of the windings, 

; Dissipation constant of the slot portion of the 
windings. 

= Thermal capacity of the iron. 

= Thermal capacity of the heads of the windings. 
= Thermal capacity of the slot portion of the 
windings. • 

= Double total area of copper in all stator slots. 

= Thermal conductivity of copper in watts. 

= Distance between the characteristic sections 
of the windings. 

Q m - Iron loss in watts. 

Qi = Copper loss in heads of winding in watts. 



At the time t = «> each part of the stator reaches its 
highest temperature and the. derivatives become zero 
and are eliminated from the equations. 

The solutions of the equations then give the highest 
temperature rise for the three parts: 

X S ' 

Qh + „ 9<l 

6 h = - 




X s 


e m = 


Qm + dd 

d m + dd 


(4a) 


(4b) 
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Oa = 


/ A S\ „ A S 

Qd (a™ + ad) + “V"/ + a < ' 0; ” , + + 

/ 'XS\ 

Qm «d ( «>> + 


\ g 

(a m + ad)- a h + “d a, 

a 


( . ^ 

, \ a ft H- 

' a 


(4c) 

It is obvious that the calculatiqn of the hottest spot 
temperature rise is now reduced to the determination 
of the values of the a constants. For this purpose the 
starting parts of the heafng curves may be used. 
(See Fig. 5). 

The evaluation of equations 1, 2 and 3 for t — o 
results in values for the thermal capacities of the three 
parts of the stator. 


DETERMINED FROM ,SHORT-']'IMF; 

Knowing these values, it is now possible to determine 
the values of the dissipation constants a* a m and a A 
from the short time heating test data. In the time 
ti the temperature rises 8 ,n Om and 6 m i, have been' 
attained. Using a mirror, the tangents are drawn to 
the heating curves for t — h and the slopes of these 
tangents B<, B h and B m are evaluated. 

The equations 1, 2 and 3 for t = h will then he: 

A S 

Q d - CdBd + atidd i- 0™,)-+ —X6n-.0 k d. (8) 


111 



C,i - 


c„ = 


Qd 

Ad 

Qh 

Aj, 

Qm 


(5) 

( 6 ) 

(7) 



A S 


Qh + ~ {Odi - 0&i) = Qh Bh + <xi> Ohi 


'w. 


-cflP 

Jli 

l 




where 

Ad - slope of the tangent to the heating curve for 
the windings in the slot at the starting point. 

A m = corresponding value for the heating, curve of 

the iron. 

Ah = corresponding value for the heating curve for 
the heads of end portions of the windings. 


Q,„ -j- Old (ddl — $ml) — CmB m + OC m 0ml . (19) 

The solution of these equations determines the 
values of a. 

The process just explained requires the measurement 
of the temperature rises of the iron, of the ends of the % 
windings, and of the slot portions of the windings during 
‘a test at a certain load. The temperatures of the iron 
and of the ends of the windings are obtained by tber- 
mometers or by temperature detectors suitably placed. 
There is an error introduced if the readings of ther¬ 
mometers on the ends are taken direefly, since the bulb 
touches only the outside of the insulation. The cor¬ 
rections for the actual temperature of the windings 
are investigated in Appendix I. 

The temperatures of the windings in the slots can be 
directly measured only by temperature detectors located 
between the upper and lower half coils. When the 
machines do not have temperature detectors in the 
slots, it is possible to determine the temperature of the 
copper in the slot 8 ,< from the temperature 8, ascertained 
from measured resistance and from the temperature of 
the ends 8h- The derivation of 6 d from the measured 
values of dh and 0 3 is outlined in the Appendix II. 

The formula * 

lh 8 h l d 8i — l 8 a ( 41 ) 

derived in Appendix II demonstrates that the tempera¬ 
ture rise ascertained from resistance measurements is a 
mean value of the temperature rise of the heads of the 
windings, and that of the windings in the slots. 

Example of Calculations and Verification? by 
Test Results 

Fig. 5 shows the heating curves of a three-phase 
induction motor, designed for a continuous rating of 
80 amperes at 500 volts. The motor is of open con¬ 
struction and symmetrically ventilated. The heating 
test, however, was made with a current of 200 amperes 
at 275 volts, and the temperature rises are higher than 

those corresponding to the normal rating. 

The losses during this test were: 

In iron Q m = 270 watts ; C l 


In stator copper = 1500 


7200\s 

V80 / ' 


’9400 watts 
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mt 4c) Then the flow of heat is due to the difference «, - Copper to in slot portion of binding in watte 
in temperatures Let Q he the quantity of heat in The equations for the dynamic balance of heat for all 
waSS in one second between two equal cross- three parts of the stator will now be derived: 
sections of U sq. cm. located “a” centimeters apart, and d 8, fli+—(1) 

with a heat conductivity X. - C ‘ U + (9 '" W + « ( ' *' ( ) 

Then 

Q = (d <t - 6 h ) Qa <«- ~ 0*) " C '* .7^ + 6h (2) 


* \ O 

Q = (fc- 

it 




The heat from the slot section flows in both directions d fl„, 

to the ends of the coils and the cross-section S is there- Q m + a d (6<t- 6 m ) - 0,„ ^ + »• >« W 

llofe eqU The° distance 6 flow of the heat must now he These simultaneous differential equations lead to 
slots. aisitu three re i ations for 0 d , 6 h and Q m as functions of time U 

The integrals of these relations give heating curves 

’ which differ substantially from ideal exponential curves. 

llllllllll ! Ill I! The determination in advance of the final temperature 

oftheindividual parts requires two points on each heat- 

' jjtmjjf ijj pirrilT ; li ii l ii " itig curve. One of these points xnurlcs the beginning 

<- j 11 I III I and is common to all curves; the second set of points 

—i — 1 in I i -•! 190 * may be obtained from test continuing until reasonable | 

, jillliljiP'i , temperature rises are attained, for instance, for 40 . 

-\~'^ L —^ minutes. The test can then be stopped, as it will be :g 

’ _ 9 oJ|E— 29 ol_--90- possible to draw tangents to the curves, the slope of j 

"•"! --—j -—^ , dO || 

-470-1 which will express the relations ^ j ’ ..|| 
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determined. The cross-sections, through which there a) 

is no heat flow, are located approximately in the middle 

of the imbedded part-in the slots and in the center of — 

the end portions or heads of the coils. These cross- . 

sections are indicated in Fig. 4c by interrupted lines, 

and the distance a between them is also shown in this J- b ’ 

figure. The outline drawing of the coil Fig. 3 also shows ! 

the points between which the heat flow takes place. - 

The further derivation of the equations for heat » 

.transfer requires the introduction of the following j 

notation: ! c » 

0 O = Temperature of the surrounding medium. 

d m = Temperature rise of the iron. —©b— r 

6 h = Temperature rise of the heads of the windings. i 

0 d = ‘Temperature rise of the slot portion of the 
windings. 

a m = Dssipation constant of iron. 

a* = Dissipation constant of heads of the windings. . , ,. 

oid = Dissipation constant of the slot' portion of the termer: 

windings. and are elimina 

C m -■ Therma capacity of the iron _ The solution* 



Fia. 4 



At the time t = <» each part of the stator reaches its 
highest temperature and the. derivatives become zero 
and are eliminated from the equations. 
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• j*?#* 







= ™ erma , ca P aci y 0 1 • . The solutions of the equations then give the highest 

C h = Thermal capacity of the heads of the windings. . f , ,, . . 

C d = Thermal capacity of the slot portion of the , temperature rise lor the three parts. 

windings. ‘ Q \ S 

S = Double total area of copper in all stator slots. _ i " a d 

X = Thermal conductivity of copper in watts. ° h ~ ~ x S ( 4a ) 

i , .i ___ /v. JL _ 




a = Distance between the characteristic sections 
of the windings. 

Q m = Iron loss in watts. 

Qr, = Copper loss in heads of winding in watts. 
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/ X S\ _ X S 

Qd + <%d) H~ a j “H Q* a 4" a «0 4". 

/ x<sf \ 

Q m a d (at + 

(otm + Ctd) OCh + Old <x m («/ 1 + 

n. \ a ' 


It is obvious that the calculation of the hottest spot 
temperature rise is now reduced to the determination 
of the values of the a constants. For this purpose the 
starting parts of the heat'ng curves may be used. 
(See Fig. 5). 

The evaluation of equations 1, 2 and 3 for t = o 
results in values for the thermal capacities of the three 
parts of the stator. 



Tima Hours 
Fig. 5 


Knowing these values, it i$ now possible to determine 
the values of the dissipation constants otd> oim and cx j, 
from the short time heating test data. In the time i 
h the temperature rises 6 <n 8 hi and 6 ml , have been 
attained. Using a mirror, the tangents are drawn to 
the heating curves for t = ti and the slopes of these 
tangents B,j B h and B m are evaluated. 

The equations 1, 2 and 3 for t — ti will then be: 

X s 

Q d - CdBt + a,,(04t- —(0n-.8 u ) ( 8 ) 


Q h + - (8dl —. ^Al) = Ch Bh + Ohl 

d 


*(9) . 


where 

A a = slope of the tangent to the heating curve for 
the windings in the slot at the starting point. 

A m = corresponding value* for the heating, curve of 
the iron. 

Ah — corresponding value for the heating cuive oi 
the heads of end portions of the windings. 


Qm 4" OC d {8dl — @ml) — C m B m <X m 8 m i (1®) 

The solution of these equations determines the 
values of a. 

The process just explained requires the measurement 
of the temperature rises of the iron, of the ends of the^ 
windings, and of the slot portions of the windings during 
'a test at a certain load. The temperatures of the iron 
and of the ends of the windings are obtained by ther- ^ 
mometers or by temperature detectors suitably placed. 
There is an error introduced if the readings of ther¬ 
mometers on the ends are taken directly, since the bulb 
touches only the outside of the insulation. The cor¬ 
rections for the actual temperature of the windings 
are investigated in Appendix I. 

The temperatures of the windings in the slots can be 
directly measured only by temperature detectors located 
between the upper and lower half coils. When the 
machines do not have temperature detectors in the 
slots, it is possible to determine the temperature of the 
copper in the slot 0 a from the temperature d 3 ascertained 
from measured resistance and from the temperature of 
the ends 0*. The derivation of 6,1 from the measured 
values of Oh and 6 S is outlined in the Appendix II. 
The formula ' ’ ’ 

lh 0/, + Id Od = l 6, (11) 

derived in Appendix II demonstrates that the tempera¬ 
ture rise ascertained from resistance measurements is a 
mean value of the temperature rise of the heads of the 
windings, and that of the windings in the slots. 

Example op Calculations and Verification by 
Test Results 

Fig. 5 shows the heating curves of a three-phase 
induction motor, designed for a continuous rating of 
80 amperes at 500 volts. The motor is of open con- f 
struction and symmetrically ventilated. The heating 
test, however, was made with a current of 200 amperes 
. at 275 volts, and the temperature rises are higher than 
those corresponding to the normal rating. 

^ The losses during this test were; 

In iron Q„, = 270 watts 


In stator copper 


/2ooy = , 

\ 80 /. 


*9400 watts 


. * 


i 
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(Fig. 4c). Then the flow of heat is due to the difference 
in temperatures. Let Q be the quantity of heat m 
watts passing in one second between two equal cross- 
sections of S sq. cm. located “a” centimeters apart, and 
with a heat conductivity X. 

Then 

' \ O 

Q ~ -^-(6,-6,) 

il 

The heat from the slot .section flows in both directions 
to the ends of the coils and the cross-section S is there¬ 
fore equal to twice the area of the coppier in all the stator 
slots. The distance flow of the heat must now be 


UMTMo 


Q d = Copper loss in slot portion of winding in watts. 

The equations for the dynamic balance of heat for all 
three parts of the stator will now be derived: 
r i a. \S 

W 1/(1 , , n /I \ I . _. / a \ /1\ 


Qd = c * ~jt + +' 


■(0*- d h ) 


\ Q 

e. + ^cfc-w-c. 




Qm + a 'l (0,1 — Om) — Cm g £ "L (Xm ^ 

These simultaneous differential equations lead to 
three relations for 0,,, 6 and 0,» as functions of time U 
The integrals of these relations give heating curves 
which differ substantially from ideal exponential curves. 
The determination in advance of the final temperature 
oftheindividual parts requires two points on each heat¬ 
ing curve. One of these pomts marks the beginning 
and is common to all curves; the second set of points 
may be obtained from test continuing until reasonable 
temperature rises are attained, for instance, for 40 
minutes. The test can then he stopped, as it will be 
possible to draw tangents to the curves, the slope of 

d-0 

which will express the relations ^ ^ • 
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determined. The cross-sections, through which there 
is no heat flow, are located approximately in the middle 
of the imbedded part-in the slots and in the center of 
the end portions or heads of the coils. These cross- 
sections are indicated in Fig. 4c by interrupted lines, 
and the distance a between them is also shown in this 
figure. The outline drawing of the coil Fig. 3 also shows 
the points between which the heat flow takes place. 

The further derivation of the equations for heat 
.transfer requires the introduction of the following 
notation: 

0„ = Temperature of the surrounding medium. 

0 m ’= Temperature rise of the iron. 

6 k = Temperature rise of the heads of the windings. 

0,, = ‘Temperature rise of the slot portion of the 
windings. 

a m = D'ssipation constant of iron. 
a k = Dissipation constant of heads of the windings. 
a,, — Dissipation constant of the slot' portion of the 
windings. 

C m = Thermal capacity of the iron. 

• C k = Thermal capacity of the heads of the windings. 
Ci = Thermal capacity of the slot portion of the 
windings. 

S = Double total area of copper in all stator slots. 

X = Thermal conductivity of copper in watts. 
a = Distance between the characteristic sections 
of the windings. 

Q m = Iron loss in watts. 

Q k = Copper loss in heads of winding in watts. 
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At the time t = => each part of the stator reaches its 
highest temperature and the. derivatives become zero 
and are eliminated from the equations. 

The solutions of the equations then give the highest 
temperature rise for the three parts: 
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Qd (a,n + otd ) ( Clh + 


ou) (c 


A S 


S\ A S 

7T") + -V(«» 4- a<| ) + 

a / & 


Q m (Xd 


( a » + a) 


\ s 

(i a m + ctd) - OLh + Oid a, 

a 




(4c) 

It is obvious that the calculation of the hottest spot 
temperature rise is now reduced to the determination 
of the values of the a constants. For this purpose the 
starting parts of the heating curves may be used. 
(See Fig. 5). 

The evaluation of equations 1, 2 and 3 for t = o 
results in values for the thermal capacities of the three 
parts of the stator. 



C* - 


Ch — 


C n = 


Qd 
A,i 

Qh 

Aj, 

Qm 


from the short time heating test data. In the tiirie 
<i the temperature rises 6,n 0h\ and 6„a, have been- 
attained. Using a mirror, the tangents are drawn to 
the heating curves for t — t\ and the slopes of these 
tangents B d B h and B m are evaluated. 

The equations 1, 2 and 3 for t - h will then be: 

\ s 

CdBi + ad (9n — 6 m t) + — (6*1- 6 h i) ( 8 ) 


Qd = 

Qh + 
Q 


a 


A S 


(On —. $ai) = Ch B h -+- dh dhi 


•( 9 ) 


(5) 


( 6 ) 


(7) 


where 

Ad = slope of the tangent to the heating curve for 

the windings in the slot at the starting point. 

A m = corresponding value’for the heating, curve of 
the iron. 

Ah — corresponding value for the heating curve for 
the heads of end portions of the windings. 


4- o<i (On — 9 m i) — C m B m + a m 6 m i . (10) 

The solution of these equations determines the 
values of a. 

The process just explained requires the measurement 
of the temperature rises of the iron, of the ends of the % 
windings, and of the slot portions of the windings during 
'a test at a certain load. The temperatures of the iron 
and of the ends of the windings are obtained by ther¬ 
mometers or by temperature detectors suitably placed. 
There is an error introduced if the readings of ther¬ 
mometers on the ends are taken directly, since the bulb 
touches only the outside of the insulation. The cor¬ 
rections for the actual temperature of the windings 
are investigated in Appendix I. 

The temperatures of the windings in the slots can be 
directly measured only by temperature detectors located 
between the upper and lower half coils. When the 
machines do not have temperature detectors in the 
slots, it is possible to determine the temperature of the 
copper in the slot 6d from the temperature 0 t ascertained 
from measured resistance and from the temperature of 
the ends dh. The derivation of 6d from the measured 
values of Oh and 6, is outlined in the Appendix II. 
The formula * ’ 

lh Oh A Id Oi — l 9 b (11) 

derived in Appendix II demonstrates that the tempera¬ 
ture rise ascertained from resistance measurements is a 
mean value of the temperature rise of the heads of the 
windings, and that of the windings in the slots. 

Example op Calculations and Verification by 
Test Results 

Fig. 5 shows the heating curves of a three-phase 
induction motor, designed for a continuous rating of 
80 amperes at 600 volts. The motor is of open con¬ 
struction and symmetrically ventilated. The heating 
test, however, was made with a current of 200 amperes 
at 275 volts, and the temperature rises are higher than 
those corresponding to the normal rating. 

The losses during this test were: 

In iron Q m = 270 watts ; 

(w) 2 = watts 




if-' 




In stator copper = 1500 






* v 


# 




1 
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The copper losses are distributed between the end 
and slot portions of the stator windings in the ratio to 
their lengths: 

58 


„ 5270 

C h = ~rr~ = 2635 


Qd = 9700 X • 


132 

74 


= 4130 watts 


C m = 


2 

270 


= 270 


Q h = 9700 X -jgg = 5270 watts 
< 

Length of coil in the slot l d = 58 cm. 

Length of coil in the head h = 74 cm. 

Length of total coil = 132 cm. 

ft 

These values are obtained from Fig. 3, on which 
dimensions are given in millimeters, 

Tire curve for d d in Fig, 5 is obtained from the curves 
for d h and 6 S by the use of the following formula derived 
from (11) 

■ " dd ^17 9a ~ 17 6h {12) 

• 

The beginnings of the heating curves during the first 
40 minutes will now be used in an attempt to check 
the final temperatures. The slopes of the curves at 
zero time on Fig. 5 are: 

A d = 3.75 
A a = 2.0 
A m - 1.0 

But 40 minutes later the following temperature rises 
were attained: 

6di = 42 deg. cent. 
dhi = 28 deg. cent. 
d m i= 17.4 deg. cent. 

The slopes of the tangents at this time are 

Bd = 1.6 

B h = 1.13 

B m = 0.69 

m, , , ^ . 

Ihe value of —— is now required. 

The thermal conductivity A of copper is approxi¬ 
mately 3.4. 

The double cross-section of copper in all the stator 
slots is 

= 2 X 72 X 6.33 X 2 X 16 
= 29200 sq, mm. 

= 292 sq. cm. 

= 16 cm. from Fig. 3, 

3.4X292 


Further substitution in 8, 9, 10 gives the following 
results: 

4130 = 1100 X 1.6 + cx d (42 - 17.4) + 62 (42 - 28) 
~ 61 

5270 + 62 (42 - 28) - 2635 X 1.13 + a* X 28 . 

a* = 113 

270 + 61 (42 - 17.4) = 270 X 0.69 + a m X 17.4 
a m = 91 

By the aid of these values, equation (4c) may be 
evaluated 

4130 (91 + 61) (113 + 62) + 
a = 5270 X 62 (91 + 61) + 270 X 61 (113 + 62) 
" (91 + 61) X 62 X 113 + 61 X 91 X (113 + 62) 

= 80 deg. cent. 

By using 6 d = 80 deg. in (4a) and (4b) : 

5270 +' 62 X 80 


e k = 


e m = 


113 + 62 
58.5 deg. cent. 
270 + 61 X 80 


91 + 61 
= 34 deg. cent. 

The following tabulation compares the calculated 
final temperature rises with the values ascertained by 
test measurements. 


Measured 
dog. cent. 


Calculated 
dog. cent. 


Difference 


Dog. cent. Per coufc 


85 

80 

-5 

— 6.9 

56 

68 

+2 

+ 3.6 

36 

34 

-1 

- 2.80 




Temperature 
rise 

Od 
0h 
Otn 

Appendix I 

The thermal potential 6 in the insulation can "be 
expressed: 

6 = 760 qs 
where 

q = losses in coil in watts per sq. cm. of coil surface, 
and 

s = thickness of coil insulation in centimeters. 

The machine has 90 kg. of copper in the stator, 
which is equal to about 10,000 eu. cm. The copper 
loss is approximately 1500 watts, and the loss per cu. 
cm. is 0.15 watts. 

The slot dimensions are 1.2 cm. wide and 4.6 cm. 
deep, giving a circumference: 

O = 2 (i;2 + 4.6) 

= 11.6 cm. 
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cross-section of the copper is 2 sq, cm. and the quantity 
per cm. length is therefore 2 cu. cm. The heat generated 
in this amount of copper is 

2 X 0.15 = 0.3 watts 
The loss per unit of radiating surface is: 

0.3 


q = 


11.6 


= 0.0259 watts per square cm. 


The thickness of the insulation is s = 0.1 cm., and 
the thermal potential, assuming all the heat to pass 
through the insulation, is 

0 = 760 X 0.0259 X 0.1 
= 1.97 deg. 

This represents an error of about 4 per cent if the 
mean temperature rise of the heads is 50 deg. cent. 

Appendix II Derivation of Formula 11 For 
Temperatures by Resistance 

The expression for the resistance of the entire coil 
can be determined by adding the resistance of the parts 
of the coil which are exposed to the air and the resist¬ 
ance of the imbedded portions; or the resistance of the 
entire coil may be used. In either case the influence 
of the temperatures of the various parts must be taken 
into account. 

If the accuracy of a first approximation is allowable, 
the expression derived is: - 

0 ~ l + a 6 

where S a = the specific conductivity of copper at the 
original temperature. 

a = temperature coefficient per deg. cent 
6 = temperature rise-deg. cent 

The coil dimensions may be represented a$ follows: 

A = cross-section of copper 

ut ■ « 

la ~ length of imbedded part in the iron. 

l h = length of heads of coils 

Let Ru - mean resistance of winding at heads 
and R d - mean resistance of winding imbedded in 
iron. 

Then 


and 


Ru = 


Rd — 


l -|- a 61 , 2 li, 


S 


l 4 - a 6 a 2 la 


8 0 S 

R = Rh Ra 

2 


5 0 S 


[(J + a Oh) lh + (£ + CL Qd) Id] 


The measured resistance of the entire coil gives a 
mean temperature rise d B and a second expression for R 
may be derived from it, namely: . 


R =* SqS ^ a ^ ^ 

Equating the two values of R gives: 

2 2 

[(J + a 6k) h + (l + oi. 6d) la] = (l + & 8 a ) l 

Simplifying: 

lh Oh + la 8d — l Os (H) 
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LARGE POWER WORKS UNDER 
. CONSTRUCTION IN SWITZERLAND 

Great developments are going oil in the realm of the 
Grimsel, leading from Meiringen to Gletsch ( Rhone 
Glacier). Here, for a number of years, engineers and 
workmen have been busily engaged in .the construction 
of the Oberhasli Power Works, more generally known 
as the Grimsel Works, 

For this project the River Aare, discharged by the 
Unter and the Oberaar Glaciers, is utilized to Innert- 
kirchen, near Meiringen, in three stages. The total 
fall amounts to some 4175 ft. Two reservoir lakes at 
Gelmar and on the Grimsel will have an effective 
capacity of 113,000,000 m. 3 The drainage area of the 
lakes comprises 111 km. 2 

The Aare is dammed at the Grimsel by two concrete 
walls, 100 m. and 30 m. high. The surface of the 
Grimsel Lake amounts roughly to 2.5km. 2 , the effective 
capacity to 100,000,000 m. 3 The Gelmar Lake t is , 
raised 30 m. by damming, and a lake of 0.6-km. 2 surface 
aftd 13,000,000 m. 3 effective capacity is formed. The 
connecting tunnel between the two lakes is 5.^5 km. 
long, and its diameter.2 m. The conduit from Gelmar 
Lake to the power station is formed by an armoured 
pressure shaft of tw o 2.2 in. diameter. T he Hancleck 
Power Station will contain {our vertical-shaft units, 
each of 26,000 h. p. The current is transmitted ufider 
a pressure of 50,000 volts by means of cables into the 
valley, The transformation to 150,000 volts is effected 
in an outdoor substation at Innertkirchen. * 

There are three power stations, located at Handeck, 
Boden, and Innertkirchen, respectively. The IJandeck 
Power Station will generate a constant yearly output of 
22 3.000.000 kw-hr. : after completion of the two lower, 
stages, the aggregate constant yearly output measured 
at Innertkirchen under 150,000 volts can be raised to 
538,000,000 k w-hr. It is also possible to provide 
further storage ponds and utilize further streams in the 
Oberhasli region. 

The project was launched by the Bernisclie ICraft- 
tyerken (Bernese Power Works). 
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Hie Electric Arc and its Function in the New 
tU Welding Processes 


BY P. ALEXANDER' 

Member, A. I. E. E. 


Synopsis.—The subject of this paper is a phenomenon of great 
interest and very great complexity. The electric arc is a tool of 
extreme power and flexibility. The electric arc can be used to melt 
ike most refractory substance s, cut the armor plates of battleships or 
weld together the cyds of wires no thicker than a human hair. It is 
a wonderful tool that makes or breaks almost anything . It may 
unite the most indifferent elements such as nitrogen and oxygen , or 
# break the molecule into its constiluciU atoms . 

Ip this paper tee shall discuss only one type of application of the 
electric arc; namely , the application of the arc to the welding of 
metals *bnt even in these limits the field is very wide. 

The electric arc was discovered by II. Davy who in 1810. ivas 
experimenting with the s parking between two horizontally disposed 
carbon pencils. The density of the current was such that on short 
circuit the tips of the carbon pencils were heated to incandescence. 

0 When the electrodes were separated the electric current continued 
to flow across the air-gap between the carbon pencils. The air-gap 
teas bridged by some sort of an extremely bright band which under 
|| action of the accending currents of hoi air was bent upwards and 
W ^fsir.mcd 9 a bow or an "arc." This is the origin of the term , the 
"electric arc” 

For many years tine electric arc ivas used only as a source of light. 
It was only years later that the eleclnc arc was applied for the 
purpose of melting and welding metals together. In 1881 de 
Men tens for the first time used a small carbon arc for melting and 
welding the lead terminals of storage batteries. The more extensive 
application of the carbon arc was done by Bernardos. 


This process was modified by Dr. Zercner of Berlin , Germany , 
who shortly prior to 1890 invented a process of welding with a flaming 
arc. In this process two carbon electrodes are disposed to form a 
“7”. The arc is drawn between the turn electrodes and caused to 
impinge upon the metal to be welded by being forced down by a 
powerful electromagnet. This arrangement caused the arc to act 
in a similar manner to the flame of an oxyacetylene flame. The 
energy developed in this arc is only partly transmitted into the 
weld and the efficiency of the method is very low. 

The third type arc welding known now as a metallic arc process 
was discovered about 1890 by II. Slamanoff. 

This engineer conceived the idea of producing steel ingots by 
an electrical casting process. Metal ivas deposited from a steel rod 
into a mold, an electric arc being maintained between the rod and the 
metal of the mold. Means were provided whereby the metal rod 
could be fed forward as it was consumed and a solenoid arrangement 
was provided for maintaining the arc length substantially constant. 
The ingots obtained under such conditions proved to be sound 
and free from shrinkage pipes. However, the cost of electrical energy 
in Russia in those days ivas very high and the process was coin- 
merdally uneconomical. 

The information obtained by Slawianoj)' in this work led to the 
application by him of the metallic arc to the uniting together of 
metal plates, the repairing of cracked and broken machines , etc. 

Thanks to the work of Slawianoj)' ive now possess a method of 
welding with metallic electrodes which at present is by far the most 
used of all arc welding processes. 


Electric Arc 

^HE metallic welding arc is a phenomenon of great 


absence of an electromotive force, these movements 
are equally distributed in all possible directions, and 


complexity. It is a combination of three distinct the resultant of those elementary currents is zero. 

r ^ . vrn _ .i ♦ re c x .x* 1 1. ’— 


features; namely, conduction of the electric cur¬ 
rent, melting of the plate and deposition of the metal 
from the rapidly melting electrode. The first feature in 
• itself is a complicated phenomenon, which can be under¬ 
stood better if we consider it after reviewing the ac¬ 
cepted ideas on electric conduction in solid conductors 
and in vacuum tubes. 

The electric current flowing through the solid con¬ 
ductor has been demonstrated by the experiments of 
Talman and Stewart to consist wholly of electrons. 
The.positive ions form a rigid frame-work and partici¬ 
pate only in the vibratory movements due to the 
thermal agitation. The whole space is occupied by 
the spheres of action of the atomic forces. And be¬ 
tween atoms there is a continual exchange of the 
% electrons. At any instant there is a number of 
electrons in transition from one atom to anpther. 
These dartings from one atomic system into another are 
’■especially numerous in good conductors, and the elec- 
T trons which during that short flight do not belong to 
r any atomic system are termed free electrons. In the 
1 Thomson Research Laboratory, 0. E. Co.,T/ynn, Mass 
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. When a difference of potential is, however, impressed 
1 on the conductor, these disorderly migrations acquire a 
! certain orientation so that more electrons will be 
. moving in the direct - on of the positive pole. 

An idea of the number of moving electrons may be 
■ obtained if we will try to visualize the number 1.6 X 
10 10 which represents the number of electronic dartings 
. durng one second through the cross-section of the con- 
f ductor when it is carry - ng a current of one ampere. 

However great this number may seem, it is not the 
. total number of electronic dartings but only a difference 
e between those directed towards the positive and neg- 
f ative poles. 

The conduction through the space not occupied by 
e the solid conductor is electronic only in case of ex- 
if tremely high vacuum. In this case the electrons shoot 
from the cathode in straight lines across the empty 
e space between the comparatively few molecules pres- 
■ ent which in extremely high vacuum can be in the order 
0 of a hundred million per cubic centimeter. Since the 
e molecules themselves are mostly an empty space with a 
few specks representing the central nuclei and outer 
- electrons, the high speed ‘ electrons can also shoot 
through them without being stopped or deviated. 
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When the cathode is cold the voltages necessary 
to produce such electronic currents would be of the 
order of millions of volts and the obtained currents 
expressed in milliatnperes. In other words, for 
most purposes a space not occupied by either solid 
or gas of sufficient density is an insulator. There 
will not be any change in conductivity if a gas in a 
perfectly neutral state be introduced between the elec¬ 
trodes. The distances between the gaseous molecules, 
even if their number is increased to several billion of 
billions per cubic centimeter, are relatively so great that 
there cannot be any exchange of electrons as in solid 
conductors between the atoms and the space remains 
non-conducting. This, however, will cease to be so if 
the molecules acquire electrical charges. 

Under usual conditions gases are subjected to various 
ionizing radiations such as the radioactivity of the earth, 
ultra violet rays and the electrons emission from the 
hot bodies and flames. In atmospheric air these factors 
determine a generation of two to three ions per second 
per cubic centimeter. However small the degree of 
ionization may be, the gas will always contain a few 
ions and free electrons. If an electron moving under 
the influence of applied difference of potentials with 
sufficient velocity encounters or passes very near one 
of the outer orbital electrons of an atom, the repulsive 
forces between them may be such as to detach the 
oibita 1 electron, from the atomic system, which then 
remains with a unit positive charge. The removed 
electron may either repeat the same process with the 
next molecule or attach itself to it, thereby communicat¬ 
ing a negative charge. This removal or attachment of 
one extra electron to the neutral molecules is called 
ionization. 

Electrons so produced and ionized atoms or mole¬ 
cules will also start moving in the defection of 
the electric force and if the potential gradient 
is sufficient, will acquire such velocity that their 
impact on neutral molecules will ionize these. 
This process of cumulative ionization in a very short 
time will produce a sufficient number of carriers to 
transm t from one electrode to another a considerable 
current. Under certa n special conditions, the highly 
ionized gas column may acquire an e ectric conductiv¬ 
ity comparable with that of a good solid conductor. 
It might seem strange that a gaseous column can be 
almost as good a conductor as a copper rod, yet if 
we remember that the conduction depends only on 
the number of suitable carriers and on the velocity with 
which they can move thip apparent paradox disappears. 
Now to pass from conduction through ionized gas to 
arc conduction, we shall consider the effect of the tem¬ 
perature of the cathode. When the cathode is brought 
up by some means to a high temperature the electrons 
will be ejected from its surface into *the gas in great 
numbers. These free electrons can be considered as 
ions and the gas containing such electrons as an ionized 


towards the anode can be comparatively low.' ; If the 
gas is at a very low pressure, the electrons will move in 
straight lines between the molecules. Only a very few 
of these electrons will be stopped or deflected by colli¬ 
sion with molecules. In this case the current will be 
purely electronic. However, when the molecules are 
present in larger numbers the electrons (if moving with 
sufficient velocity) will ionize the gaseous molecules and 
the current will be carried by ionized molecules as well 
as by the electrons. # 

The method of producing the intense initial ioniza¬ 
tion in the case of an electric arc is by taking advan¬ 
tage of the above described property of certain materials ' 
to emit electrons at high temperatures. To draw 
the arc between the two electrodes, they are brought in 
contact and a current of sufficient magnitude is passed 
across the contact. The resistance of the contact, 
especially just before the moment of separation 
of the electrodes, is high enough to cause rapid • 
heating * of the tips of the electrodes to incan¬ 
descence, with the result that numerous electrons are 
projected into the surrounding gas, so that at the 
moment of separation of the electrodes, the gas 1 con¬ 
tains large numbers of free electrons which under the 
action of the established electrostatic field will move 
and impinge on the gaseous molecules. 

Since the separation of the electrodes is done gradu¬ 
ally, even with comparatively low voltages the potential 
gradient during the first moment will be sufficient 
to give the necessary acceleration to the free electrons . 
which at the end of their free path will possess energy to 
ionize the gaseous molecules. The ionized molecules 
and electrons will move and impinge on the next neutral 
molecules but unless the potential gradient is sufficiently 
high, they will not acquire at the end of their free path 
a sufficient velocity and consequently will be unable 
to ionize the next set of molecules; therefore, the ^ 
‘ionization will not continue. Since the distance 
between the electrodes continued to increase and 
the potential gradient to decrease, the current, after 
reaching certain magnitude, will fall to a lower value and 
finally stop altogether. But if the potential p'adient 
during the separation of the electrodes be sufficient, the 
number of carriers will increase very rapidly until an 
appreciable current will flow between the electrodes 
which will produce rapid heating of gas.. At higher 
temperatures the ionization occurs much more readily, 
so that as soon as the appreciable current flows, th& 
ionization is more pronounced which again causes 
the current to increase. As soon as the cathode^spot on 
the electrode is brought to a high temperature, a large 
volume of metallic vapor is sent into the stream which 
is easily ionized and will conduct practically the whole 
current. This is the arc conduction. 

Since the drawing of the arc is done at a low tempera¬ 
ture and the maintaining of the arc at high tempera¬ 
tures, the voltages necessary to strike the arc are 
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The voltage necessary to move these free electrons always much higher than those used to maintain the arc.. 
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This feature is taken advantage of in the design of a 
number of commercial welding generators which 
produce a high voltage only on open circuit. As soon as 
the arc is drawn, the voltage across the brushes auto¬ 
matically falls to a value only slightly higher than that 
of the voltage across the arc. 

Since high temperature is essential to maintain easy 
ionization, any factor tending to cool off the electrodes 
or the arc stream will influence greatly the stability of 

■ the are. If the temperature of the arc falls, the ioniza¬ 
tion of the materials in the arc stream does not take 
place as readily, so that the agent producing ionization 

* must be more active. In other words, the speed with 
which the electrons and ions impinge on the neutral 
molecules must be higher which necessitates a high 
potential gradient; that is, higher arc voltage. One of 
the most powerful methods of cooling the arc core is by 
surrounding it with hydrogen, which at high tempera-' 

• ture dissociates into the atomic state and absorbs large 

amounts of energy. ' 

Atomic Hydrogen Process 

This phenomenon of dissociation of molecular hydro¬ 
gen at high temperatures into the atomic state was 
discovered by Dr. I. Langmuir 2 during his studies of the 
laws of heat losses from a heated tungsten filament in 
hydrogen at low pressures. Dr. Langmuir observed 
that above certain temperatures, the heat losses instead 
of being proportional to 1.9th power of the absolute tem¬ 
perature, are proportional to a much higher power which 
increases with temperature. 

The following studies of this phenomena established 
that these abnormally high losses are due to the dissocia¬ 
tion of molecular hydrogen into the atomic state. 
Step by step Dr. Langmuir discovered the temperatures 
of. dissociation, degree of concentration of the produced 
atomic hydrogen, the energy absorbed by the dissocia- 

• tion, the chemical properties of the atomic hydrogen 
and the thermic effects produced by recombination of 
the atoms into molecules. 

The ’ atomic hydrogen possesses many remarkable 
properties which have been studied in the last few years 
by several investigators. Many chemical reactions 
impossible with molecular hydrogen take place when 
that, gas is in the atomic state. The most stable 
.v oxides can be reduced into the metallic state. Sub- 
, stances which are usually considered as the most 
^refractory materials can be melted by the flames of 
atomic hydrogen. And certain hydrogen compounds 
which formerly could be produced in very small con- 
Ti centratrons, now may be obtained, in 100 per cent 
concentrations. There are two methods of producing 
||i|f atomic hydrogen. 

• One discovered by Dr. Langmuir is by increasing the 
speed of the thermal agitation of hydrogen molecules 

•• until the forces between the two atoms composing the 

;•:> : : 2. Flam63 of Atomic Hydrogen, General Electric Review, 

■ March, 1926. • .. • -d ’ '* 


molecule are not sufficient to hold them together. They 
spring apart and by doing so absorb large amounts of 
energy from the source producing that thermal agita¬ 
tion, In this method all molecules subjected to the 
high temperature are being acted upon simultaneously. 
This is (if we can use such a term here) q "mass 
production.” 

The other way of disrupting the hydrogen molecule 
is by hitting it with a heavy atom, moving with high 1 
velocity. In this method the hydrogen molecules are 
dissociated one by one and only when shot with a 
swiftly moving atom. Using again a shop term, we can 
call it “piece work.” However, Dr. Langmuir 
developed the first method which permits the produc¬ 
tion of atomic hydrogen in high concentration, which 
permits the use of atomic hydrogen not only as a 
special chemical regent but also as one of the most 
remarkable agents for transmission of thermal energy. 
To accomplish this, it was necessary to produce the 
atomic hydrogen not inside of a vacuum container, but 
in the open air. The method adopted by Dr. Langmuir 
consists in blowing a stream of molecular hydrogen 
through an electric arc maintained between two tung¬ 
sten electrodes. 

The temperature of the arc core is sufficient to 
produce complete dissociation of the whole mass of the 
gaseous layer in contact with it. The produced atomic 
hydrogen diffuses rapidly away from Hie arc core and 
recombines in the cooler regions into the molecular state, 
forming an extremely hot flame of a single gas which 
burns without oxygen. The evolved heat, of course, is 
the energy previously absorbed from the arc. It was 
found that the heat of formation of molecular hydrogen 
is equal to 98,000 calories. In other words, when the 
atomic hydrogen recombines to produce one cubic foot 
of molecular hydrogen (measured at N. T. P.), the 
amount of heat produced is 455 B. t. u This quantity 
is greater than .that obtained by the combustion 
of one cubic foot of molecular hydrogen in oxygen. 
In the last case the amount of evolved heat will be only 
316 B,t. u. 

The greatest advantage of the atomic hydrogen 
resides not in the amount of energy transmitted but in 
the high potential at which that energy is delivered. 
In other words, the remarkable property of the atomic 
hydrogen is the temperature o its flame. Dr. Lang¬ 
muir’s calculations show that this temperature is at 
least 3717 deg. cent. One of the experimental con¬ 
firmations of these conclusions is the fact that tungsten, 
the metal with the highest known melting point, can be 
melted in the atomic hydrogen flame but not in any 
other flame. 

The importance of the temperature of the flame can 
be illustrated by the comparison of two combustible 
gases; one of which is acetylene and another is propane. 
The amount of energy produced by combustion of one 
cubic foot of acetylene is 1456 B. t. u. The corre¬ 
sponding value for propane is 2465 B. t, u. ' 
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In spite of much lower heat capacity of acetylene, 
the temperature of its flame (about 3000 deg. cent.) is 
higher than that of propane (about 2100 deg. cent.) and 
the result of it is that the welding with that gas is much 
faster than with the latter. 

One of the practical applications of the atomic 
hydrogen flame is for welding of metals. In this field 
it has received lately numerous applications on account 
of its two properties especially valuable for welding 
work; namely, the extremely high temperature of the 
flame and the reducing properties of the gas forming 
that flame. 

As a welding tool the atomic hydrogen torch must be 
compared with the oxyacetylene torch. It has 


shape of a fan between two tungsten electrodes placed to 
form a “V”. The voltage drops at the surface of the 
electrodes, which correspond to anode and cathode 
drops in d-c. arcs, are equal to about 18 volts each. 
With the usual arcs of about 100 volts, the 36-volt drop 
at the surface of the electrodes, therefore, represents 
one-third of the total arc voltage, so that two-thirds 
of the energy absorbed in the dissociation of hydrogen 
into atomic state comes from the long arc core. The 
usual arc voltage is about 100 volts and the open circuit 
voltage of the welding circuit is seldom less than three 
or four times that value. The energy absorbed by the 
weld, of course, is that which comes from the arc; the 
atomic hydrogen plays the role only of an exceptionally 



similar characteristics in that the most of the energy is 
produced in a comparatively small inner cone or fan 
where extremely high temperature is attained. This 
inner hot zone is surrounded by the flame of reducing 
gas with temperatures gradually falling to that of the 
outer mantle of the flame where the recombined 
molecular hydrogen is-burning in contact with the air. 
The temperature of that part of the flame is something 
like 1000 deg. cent. 

This gradual cliange of emperatures gives an extreme 
flexibility to the atomic hydrogen torch. It insures a 
perfect control of speed of welding and of the tempera¬ 
ture of the molten metal in the weld. This last factor 
is of a paramount importance for welding in hydrogen 
atmosphere. This gas is only slightly soluble in 
molten iron itist above the melting point. But with a 
rise of temperature its solubility increases very rapidly. 
When the molten iron is overheated, it will absorb at t 
least 15 times its own volume of gas (measured at 
N. T. P.). During the solidification most of that gas 
will be precipitated out and unless special precautions 
are taken, will form numerous blow holes. % 

However, if the welder follows the right technic by 
forming only a shallow pool of molten metal which 
insures a low temperature of the molten iron, hydrogen 
will be prevented from going into solution and the re¬ 
sulting weld will be perfectly free from gas pockets, 

The atomic hydrogen torch embodies in itself all 
the necessary conditions not only to transmit from 
the arc into the plate any desired amount of energy, but 
also to do it at a very high speed. The high speed of 
recombination of the atomic hydrogen into the molec¬ 
ular state is determined by the steep gradient of tem¬ 
peratures and also by the catalytic action of the metal 
in the weld. 

This recombination of the atomic hydrogen at the 
surface of the liquid metal in the weld to a certain ex¬ 
tent replaces he oxidation reaction always present 
when the welding is done in air. This reaction supplies 
the necessary auxiliary heat to .keep the surface of the 
solidifying metal in the molten sta(g long enough to 
permit the absorbed gases to escape freely. 

The a-c. arcs used in the atomic hydrogen process 
are usually two or three centimeters in length bent in a 


efficient transmitter. 

The energy evolved by burning the molecular hy¬ 
drogen in contact with the air, , selves only to .raise 
slightly the temperature of the plate outside the weld 
but does not affect appreciably the weld itself. Most * 
of that energy is radiated into surrounding space. 

The Shielded Arc Process 

While the work on atomic hydrogen was proceeding 
in the Schenectady Laboratory, the writer was engaged 
in the Lynn Laboratory on the development of an im¬ 
proved method of the arc welding with metallic and 
carbon electrodes. 

Since the accepted explanation of brittleness in arc 
welds was the presence in the weld of oxides and ni¬ 
trides of iron, the first experiments were conducted on 
welding in gases other than those composing the atmos¬ 
pheric air. The first experiments were conducted on 
welding in carbon dioxide, superheated steam and illu¬ 
minating gas. Then, without any knowledge of Dr. 
Langmuir’s experiments with atomic hydrogen, the 
writer came to the conclusion that it is hydrogen which 
must give the desired results. The experiments im¬ 
mediately confirmed this view. The welds produced ’ 
in that gas proved to be perfect y ductile and to possess 
a high tensile strength. Furthermore, it was found 
that the apparent resistance of the welding arc in hy¬ 
drogen is more than twice that of the same arc in air. 
Because of the desirability of rapid deposition of 
the metal, the welding arc must have a definite 
short length. The increase of the apparent resistance 
of the arc without increase in length is most welcome as 
it makes the arc almost twice as efficient as adevicefor 
the transformation of the electrical energy into the. 
thermal form. 

The anode and ca hode voltage drops of an iron 
welding arc of 100 amperes maintained in hydrogen 
atmosphere were found to be each equal to 16 volts. 
The voltage drop across the arc stream for an arc of 
y% inch does not exceed 5 volts, so that the total volt¬ 
age across the arc of y inch in length is 37 volts. The 
usual arc voltage of the welding arcs of the same length 
and current intensity maintained in air is about IS volts. 

This abnormal apparent resistance of the arc in 


r 


m 









1408 


ALEXANDER: THE ELECTRIC ARC Journal A. I. E. IS. 


hydrogen, the writer at that time attributed to an xe- 
ceptionally high coefficient of heat conductivity of that 
gas. Indeed the heat conductivity of air is 0.5 x 10“ B 
and that of hydrogen is 3.17 X lO" 6 calories per centi- 
. meter per second per deg. cent. In other words, it 
was thought that the high voltage of the arc is due to a 
mere cooling of the arc by hydrogen in its molecular 
form. 

At a later date, to check up this assumption, the 
writer repeated the same experiments with the arcs in 
helium. This gas has also an exceptionally high 
coefficient of heat conductivity which is even slightly 
higher than that of hydrogen; namely, 3.39 X 10~ 6 . 
The experiments, however, showed that the arc voltage 
in that gas is lower even than in air. Since the coeffi¬ 
cients of diffusion of hydrogen and helium are about 
the same and the temperature of the arc core in both 
cases probably does not differ materially, the only 
explanation of difference in the arc voltages was 
that the hydrogen, being a diatomic gas, was dissociated 
into the atomic state while thehelium, being amonatomic 
gas, remained unchanged by the extreme temperature 
of the arc. 

These experiments have an interest only as illustra¬ 
tion of various ways of investigation. The quantative 
determination of the amount of atomic hydrogen pro¬ 
duced cannot be based on such experiments. They 
only demonstrate the fact of the dissociation of hydro¬ 
gen into the atomic state and that it affects very 
markedly the anode and cathode fall. 

These two quantities are determined by the con¬ 
centration of the ions pf one sign at the surface of the 
electrodes. If the production of the ions of the other 
sign in the first gaseous layers next to the electrode 
is slowed down, the electrostatic charges of the incoming 
ions will determine a very steep potential gradient. 

• The dissociation of hydrogen into the atomic state cools 
off the surface of the anode and cathode and, therefore, 
reduces there, the speed of ionization and emission of 
thermions. The role of atomic hydrogen in the shielded 
arc process can be compared with the most effective 
means of cooling the electrodes. 

Of course, the atomic hydrogen produced undoubt- 
edly^affects also the quality of the weld, making it more 
free from oxides. This last action, however, is not as 
important as that which increased the efficiency of the 
arc, since in the shielded arc process, the weld is fully 
protected by a large volume of the molecular hydrogen 
Vwhich at the high temperature of the arc is also one of 
the most energetic reducing agents. 

>|f. ■ The Deposition op Metal ' 

H The transfer of the metal from the electrode to the 
ijplate can be either purely ionic or mechanical. In 
the first case the metal is rapidly vaporized from the 
Electrode, enters the are and after being ionized is moved 
across the arc to the surface of the positive crater where 
it regains its state of neutral atoms and condenses as 


a vapor on the surface of the crater. The speed of 
motion of gaseous ions is very high so that large quanti¬ 
ties of metal can be transferred from the electrode to the 
weld in a very short time. The hypothesis of transfer' 
of the metal in the state of vapor has been advanced by 
Professor Slocum. 3 This type of metal transfer is 
observed only with long arcs. 

The writer’s experiments indicated that the tempera¬ 
ture of the anode is the determining factor in the ionic 
transfer of the metal in the welding arc. If an arc of 
125 amperes and 60 volts be maintained in hydrogen 
between a cold plate and J^-in. Armco pure iron elec¬ 
trode, the transfer of metal will be mostly mechanical. 
The tip of the electrode will be liquified and the large 
drops of metal will be periodically falling down on the 
plate. The vapor stream from the negative electrode 
will enter the arc, but there will not be appreciable 
condensation of that vapor on the plate If, however, 
the positive crater be allowed to establish itself 
on the plate and the temperature of the molten metal 
in the crater rises above a certain limit, then the arc 
will become very stable and practically the total amount 
of metal will pass through the arc in a state of 
ionized vapor. The speed of “vapor deposition" 
of metal is about the same as that wh'ch would be with 
the short arcs of the same current density when practi¬ 
cally the total amount of metal is passing through 
the arc in the liquid state, However, ih usual practise, 
the arc length is so short that the intense radiations 
from the positive crater affect not only the surface of the 
negative crater but also the whole tip of the electrode to a 
..considerable length. This results in rapid melting of 
the tip of the electrode which is in more or less plastic 
state to a distance of three or four millimeters from the 
negative crater. This condition determines an en¬ 
tirely different mode of transfer of metal across the arc. 
The wire used as electrodes always contains a large 
amount of occluded gases. The actual volume of 
occluded gases depends on the method of manufactur¬ 
ing of the wire and in certain instances may rea ch many 
times the volume of the metal. 

The amount of gas which the metal can hold in the 
occluded state depends on the temperature. At the 
temperature of red heat, most of the gases are expelled 
from the metal. Since the tip of the electrode is in 
molten state, it is mechanically the weakest point and 
the gases escape iii that direction which results in 
periodical rupture of the liquid surface of the tip of the 
electrode and projection of it into the direction of the 
positive crater. If the are is very short, this ruptured 
part of the tip of the electrode short-circuits the arc. 
In other words, it bridges the tip of the electrode with, 
the positive crater. As soon as the globule touches the 
liquid surface, another set of forces comes into play; 
namely, the surface tension of the molten metal. Now 
the globule is pulled towards the liquid by the surface 

3. The Welding Arc. Welding Engineer, January, 1921. 
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tension and so breaks the contact with the electrode. 
If the t'me of transfer was short, the temperature of the 
ionized gases was not affected appreciably so that the 
are can be readily restarted. The experimental proof 
of this mechanism of transfer of molten metal across the 
welding arc was furnished by many investigators 
amongst whom we must name Prof. Hudson 4 who ad¬ 
vocates the theory of liquid transfer of metal deter¬ 
mined by the expulsion of the gases, and Mr. 0. H. 
Eschholz 6 who demonstrated that even without the 
explosive action of gases, the metal can be transferred 
through the action of the forces of the surface tension. 
However, the writer is of the opinion that both types of 
forces are responsible for the transfer of the metal in the 
short welding arc. 

Physics and Chemistry of the Crater 

In the case of arc welding with a metallic electrode, 
the positive crater is •established on the plate itself. 
This is the most efficient method of transmitting the 
energy of the arc into the plate. In this case not only 
the metal is subjected to the radiations from the nega¬ 
tive crater and the arc core, but it is also the subject 
of the most terrible bombardment by the electrons and 
ions rapidly moving towards the anode. The velocity 
of gaseous ions in the arc core is not definitely known 
but it may be expected to be very high. Further¬ 
more, the condensation of the gaseous ions on the 
liquid surface*of the crater is accompanied by the 
evolution of the latent heat of evaporation of electrons 
and gaseous atoms. This last factor explains the 
difference in the calorific effects at the anode and 
cathode of the arc in spite of the fact that the anode 
and cathode potential drops, as in the case of the iron 
arc in hydrogen, are the same. The surface of the 
metal is heated so rapidly that the heat has no time to 
be conducted away through the thickness af the metal. 
Therefore, the metal around the foot of the arc core 
is liquefied and forms a shallow molten pool. The 
metal in this molten pool is a subject of several actions, 
First, the rapidly falling metallic globules splash the 
molten metal so that the surface of the crater is con¬ 
tinually swept by the waves running fronti the center of 
the crater to the periphery. Secondly, the molten 
metal, being free to move, is repulsed from the foot of the 
arc by the electromagnetic interaction of the currents’ 
carried by those parts of the arc and moves towards 
the edges of the molten pool, forming a sort of a shallow 
cup or a crater. 

The absorption and evolution of gases in different 
parts of the crater is a factor of paramount importance. 
The accurate tests conducted by Dr. Baraduc-Muller, 9 
who was experimenting with the masses of molten steel 

4. A Theory of Metallic Aro Wel.diijg, Journal of Am. Welding 
Society, October, 1919. 

5. Metal Deposition in Arc Weldin*g, Electrical World, 
June, 1920. 

6. The Gases Occluded in Liquid Steel, Iron and Sleel 
Institute Carnegie Scholarship, Memoir, 1909. 


weighing 11,000 pounds, demonstrated that molten 
steel may hold in solution very large amounts of gases, 
For instance, the volumes of hydrogen, carbon monoxide 
and nitrogen occluded in one cubic foot of molten 
Bessemer steel are respectively equal to thirteen, eight 
and five cubic feet (measured at N. T. P,), 

The writer’s experiments with hydrogen, helium, 
argon, carbon monoxide and nitrogen occluded in the 
molten part of the crater gave about the same figures 
and indicated that these gases are precipitated out from 
the molten steel when it is still fluid. The observation • 
of the large craters of the powerful arcs burning in 
different gases reveals that all these gases are absorbed * 
in the hot part of the crater and evolved in a form bf a 
stream bubbles coming to the surface of the molten 
metal in cooler parts of the crater. 

This continual process of absorption and evolution of 
gases is equivalent to an energetic washing of the 
molten metal with hot gas. The occluded gases may- 
.react with the metal and form nitrides, oxides, hydrides 
or may simply be held in solution and be partly pre¬ 
cipitated out during the solidification. At any rate the 
large amounts of absorbed and later evolved gases have 
a very great bearing on the soundness of the deposited 
metal and the number of blow holes which it may 
contain. 

• When the arc is maintained in air, the fundamental 
chemical reaction in the crater of the arc is oxidation. 
Oxygen of the air coming in contact with the molten 
metal reacts almost instantaneously and forms Fe O 
which is gradually dissolved in the mass of the metal. 
The excess of that oxide floats on the surface n a form 
of a slag and being further oxidized during the freezing 
of the metal to Fe 3 0 4 . The oxidation or burning of 
the surface layer of the molten metal in the arc crater 
has a determining influence on the number of gas 
inclusions in the weld metal. As has .been demon¬ 
strated by the writer’s experiments on welding arcs* in* 
argon-oxygen mixtures, 7 the amount of heat produced 
by the oxidation reaction is sufficient to maintain the 
surface of the freezing metal near the edge' of the 
crater in molten state long enough to allow all the gases 
to escape freely and leave the weld metal free from 
blow holes. 

When the deposition of the metal is done in reducing 
or neutral atmosphere, this reaction is suppressed and 
unless special precautions are taken, the weld metal 
will contain numerous blow holes. . 

It may be pointed out here that in the atomic hy¬ 
drogen process, the recombination of the atomic 
hydrogen into the molecular form at the surface of the 
weld metal provides a source of large amount of energy. 
In this way the atomic hydrogen process not. only 
suppresses the deleterious action of oxidation but also 
provides means to replace the important and desirable 
influence of that reaction by a new reaction which takes 

7, Oxidation of the Are Orator, Journal of im, ♦ Weldifiy 
Society, December, 1926* . • 
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place of the old one. In the shielded arc process, 
other means are used to assure the prompt expulsion of 
the occluded gases. 

Welding in Mixed Gases 
The development of the shielded arc process ex¬ 
tended also to the making of welds in mixtures of 
hydrogen and carbon monoxide according to the ideas 
. of Prof. E. Thomson. 

The tests demonstrated that the metal deposited in 
that atmosphere possessed about the same ductility 
as those produced in pure hydrogen. Furthermore, it 
wa§ found that the arc in water gas is much more stable 
• than in hydrogen and does not necessitate the open 
circuit voltage even for welding with comparatively 
low currents, higher than used for standard work of 
welding in air. 

Other tests were made with various gaseous mixtures. 
In conjunction with Professor Thomson the author 
'found that not only various mixtures of hydrogen and 
carbon monoxide could be used for welding work, but* 
that certain organic liquids such as methanol’and 
denatured ethyl alcohol when vaporized will serve the 
same purpose as the pure hydrogen. 

Working in conjunction with Dr. Langmuir the 
author also carried out a series of tests which demon¬ 
strated that for certain purposes nitrogen mixed with 
certain amounts of hydrogen gives welds of superior 
quality. It should be mentioned here also that the 
mixture of hydrogen with argon was suggested to the 
writer by Mr. P.K.Devers. 

The work conducted on welding in various gases re 
suited in the development of practical means of producing 
these gases easily and at'a low cost from various organic 
and inorganic compounds such asalcohols, ammonia, pro¬ 
pane, etc. Since these compounds are liquids or liquefied 1 
gases the question of storage and transportation has 

a sp been solved. This can be made clear if we con 
sider that one gallon of methanol will give on vapor- T 

S3 3? *" d y to j in the over 240 cubic 1 
feet of gas- The development of welding in alcohol 
vapors should be especially emphasized as one of the 
most practical solutions found in this laboratory of the 
problem of storage and cost of the most suitable gas for 
welding by the shielded arc process which is water gas. n 
When instead of pure hydrogen, the shielding gas h 
eons atmosphere is provided by the gaseous mixture of o 
arbon dioxide with propane or the vapors of alcohol fc 
the function of the arc is not only to liberate suffident , 

to — the mew 

mixture'”? afena,s ’ Produces a suitable tj 
mixture of hydrogen with carbon monoxide The A* 

electric arc here becomes not merely a source of heat t 
but also a chemical laboratory source ot heat pi 

Xe'XXXX' lha ‘,! S 1 appeni ” e * n the small m 

Sons SX arc ; a " the differe "t chemical tl, 
reactions, tiansformation of electrical energy into ther- as 

kSSodSi and evolution of ga^s and^ ! d 

deposition of metal, one-begins to wbnder how it is in 


, possible for the welder to take care of all these com- 
1 plicated factors. The answer is that they take care of 
themselves. If the conditions are regulated rightly, 
all these processes are entirely automatic and tlie 
. man has to watch only the needle of the meter, 

[ ' ™ r through this description of the atomic 
, hydrogen and the shielded arc processes, one may 
ask, What is the purpose of this development? What 
is all this for? Is it easier to use a combination of the 
electric arc with the gas instead of using each of these 
factors singly?” 

The answer to the last question is "no.” Of course, 
the combination of several factors necessitates better 
technique and more accurate adjustment of all the 
conditions. But what is complicated today will be a 
simple thing tomorrow. 

It is simpler to make a lamp with the tungsten 
filament in the vacuum than a combination of the same 
filament and the gas. But who wants now the older 
and simpler type of the incandescent lamp? The pres¬ 
ent arc welding processes are all right and give excellen t 
results in every field of their applications. But so 
aid the rivet thirty years ago. 

There was a time when no one dreamed of using 
anything but pure wrought iron. Then there came an 
age of iron-carbon alloys; that is, of steel. And now 
we are entering the era of alloy steels. Most of those 
steels contain such easily oxidizable elements as 
chromium. And unless the weld is projected by 
( ucmg atmosphere, the results on welding such mate 
rials are not satisfactory. It is in this field that the 
new processes probably will find their best applications. 

I he electric arc and the gas flame will, in the future, 
replace rivet cutting tools and the foundry mold! 

mongst innumerable fields of applications, there will 
be demand for every kind of welding and cuttincr 
processes. The described processes will not replSf 
y of the existing processes but simply assume their 
place of usefulness amongst the older brothers and do 
tne job which cannot be done without their help. 


STANDARD GRADES FOR CRUDE 
RUBBER 

ihe Rubber Division of the Department of Com- 
merce, m a circular recently issued, announced adoption 
y he Rubber Association of America of a new set of 
official type samples of crude rubber to serve as a basis 
or transactions between sellers of rubber and American 
rubber manufacturers. 

These samples are said to be identical with the new 
type samples recently adopted by the Rubber Trade 
Association of New York except that they also include 
packing specifications. 

At is theieeiing of officials of the Department that 
uniforin international grades of rubber would be for 
ie good of the eiftire industry throughout the world 
s well as in the interest of American trade. The 

fnS!° n ° f ^ Ame, ’ iCan type Samp,eS was ^sued 
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The Interpolar Fields of Saturated Magnetic 

Circuits 
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•| Synopsis,—In this note, the question of the effect of assuming saturation, the sketch of the field between the poles and in the air-gap 

infinite permeability in the iron on the accuracy of calculations of the can also be directly developed by determining with the aid of the 
interpolar fields in electric machines is studied. differential field, the point of indifference of the saturated circuit 

H One can do this very easily by replacing the saturated by non- A comparison of sketches obtained in this way shows that , for the 

saturated poles, covered by an infinitely thin sheet of current giving same useful flux, the interpolar fields are almost the same in both 
the same tangential component of the field along the surface of the cases. From these sketches and others which ivill appear shortly 
iron. The field produced by this sheet of current, then, represents in the Revue Generate dc VMcctricitc, it is evident that the sketches 
H - the difference between the exterior fields of the saturated circuit and and functional curves given by Messrs, Stevenson and Park , <md 

|| of the non-saturated circuit. Wieseman, in their very valuable work, can still be used even though 

In addition to this indirect method of estimating the influence of the poles are saturated. 
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Introduction 

UPPLEMENTING my discussion of the very 
interesting papers presented by Messrs. Stevenson 
and Park, and Wieseman, at the last Mid-Winter 
Convention of the A. I. E. E., I should like to show 
briefly how, from the sketches of lines of force given 
by these authors, the distribution of the interpolar 
field can be obtained when the poles or the teeth are 
saturated. 

I have chosen for this the magnetic circuit of a d-c. 
dynamo which has open armature slots. First, by 
assuming that the iron has infinite permeability, the 
sketch in Fig. 1 is obtained with four lines of no work, 
or gradients, which outside of the coil become lines of 
equipotential. This process of development is well 
known. In this case, the area of the coil has first been 
subdivided into four equal parts, and the last one of 
these, at the top, into eighths and sixteenths, etc., 
which makes it possible to see at a glance that each 
gradient 2 encloses that fraction of the total <,irea which 
corresponds to its order. This is not sufficient, how¬ 
ever, to obtain the exact position of the point of indif¬ 
ference 3 toward which the gradients converge and 
where the field is zero. It is necessary to make sure at 
the same time that the reluctances R u Ri, R 3 . . .of 
the parts of the same tube from one pole to the other are 
proportional to the ampere-turns I n u 1 n h I n 3 
enclosed by the gradients which cut off these portions 
of the tubes; otherwise the distance of the point 
of indifference from the side of the coil might vary from 
1 to 2. 

It is therefore necessary to check the relations 
jRi : Ri = I ni : I %, etc., as has already been shown 
under a different title ill the Revue Generate de VElec- 
tricite of September 22,1923, p. 397. 

When a portion of the tube is situated completely 

within the current-carrying region, the ampere-turns 
__ • 

1. Consulting Engineer, Urmatt (bas-Kbjn) Franco.' 

2. Called “lines of no work” by Stevenson and Park. 

3. Called “kernel” by Stevenson and Park. 


1 7 i\ included between the gradients which cut off that 
portion, are counted from the point of indifference to the 
line of force which forms the median of the portion of » 
the tube under consideration. But if the portion of 
the tube falls partly in the interior and partly outside 
of the current-carrying region, it is preferable to count 
the ampere-turns I n t from the point of indifference 
to the first boundary line of the tube and add to that 



Fig. 1—Sketch or Intehpoj.ak Field of Non-Satxjuated 
D- c. Dynamo * 


value half ampere-turns contained in the portion of the 
tube itself. * 

Whenever the conductors in the portion of the tube * 
form a rectangular section abutting against the two 
limiting lines of force, this reduction is applied, no 
matter what the thickness of the section, in the direction 
of the lines of force. 

But when the eddy section does not cover the whole 
width of the tube from one line of force to the other, but 
only a fraction (n/m) of this width,, it can be shown that 
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it is necessary to deduct the ampere conductors confined 
in an elementary tube having the width (n/2m). 
For example, one should deduct % of an eddy section 
that covers transversely only y & of the width of the 
tube, regardless of the length of the section. 

Finally, in the case where the contour of the coil 
cuts the tube obliquely, we can employ this same 
method by using judgment in replacing the oblique 
eddy zone of the tube by a rectangle of the same area, 
but of proportions so as to touch the non-turbulent 
zone as little as possible. 

'The magnetic field outside the field coil is Laplacian, 
an,d can be determined by subdivision into tubes of 
unit reluctance (curvilinear square tubes), according 
to the usual method. The sketch is commenced by 
full lines which are subdivided only in the regions where 
estimation of the elementary tubes would not be 
sufficiently accurate otherwise. I am inclined to think 
that it is not advisable to commence the sketch with 


so that the difference of potential caused by the satura¬ 
tion of the pole will be 

4 tt in 

»1 = - n 



where the current i per turn is now in C. G. S. units. 
In Fig. 2, let us mark between the base and the top of 
the pole the points 0.125 v h 0.25 v h 0.5 and 0.75 v„ 
calculated with the aid of the lines of flux in Fig. 1, 
and retouched as follows wherever necessary. 

It- has been shown in Sections III and IV of the 
mentioned article, that the field outside the iron will 
remain unchanged if the saturated core is replaced 
by a non-saturated core covered with an infinitely thin 
sheet of current. The current; per unit length must 
satisfy the relation: 
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in such a way that at the height x of the pole measured 
from its base, one will have: 
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Pio. 2 tt-Isometric Sketch op Additional Field Caused 
Saturation of Poles 


Assumed to bo generated by an equivalent current sheet. 


too Tine a subdivision, which uselessly increases the 
necessary sketching and renders the localization of 
errors more difficult. The larger subdivision has also 
d;he advantage that, in rectifying the errors, account 
can more easily be taken of the effect of local retouching 
on the rest of the sketch which has already been traced. 


IJEhb Additional Interpolar Field Caused by the 
Saturation of the Poles 


HfS 1 * 1 ^presents a sketch obtained in this manner. 

. ass T e that the P0le is saturat ed in such a manner 
that, for the same useful armature flux, the pole core 
, absorbs one-third of the total field pole m. m.f. 4 tt i n 


where v x designates the superficial potential at this 
point caused by saturation. This equivalence. It is 
well understood, cannot be extended to the field in the 
interior of the iron, in which we are not interested here. 

On account of this, the problem can be considered as 
follows. We can consider the interpolar field as result¬ 
ing from the superposition of fields generated by the 
actual current in the field pole coil and by the counter- 
magnetomotive force of a sheet of current correspond¬ 
ing to the actual saturation, assuming in both cases that 
the iron is infinitely permeable. It is sufficient, there¬ 
fore, to superpose on the sketch of Fig. 1, which was 
obtained for p = «, in the iron using the field current 
which would be required for the saturated pole, another 
field produced by the sheet of current, also calculated 
for jx - co in the iron. The sum of these two fields 
will give us the actual resulting field in the interpolar 
space and in the air-gap when the core of the field pole 
is saturated. If the field spicier or yoke is also 
saturated, the sheet of current would naturally he 
prolonged along its surface. 

The sketch corresponding to the sheet of current is 
very easy to secure because it is entirely Laplacian 
and the starting points of the equipotential planes 
0.75 Vi, 0.5 Vx . , . are known in advance, and in. ad¬ 
dition, the lines of force in the air-gap near the neutral 
zone differ only slightly from those of Fig. 1. Gen-' 
erally, such a sketch requires only a few minutes. 

But this is not all. We gain, at the same time, a 
method of predetermining the kernel, or point of 
indifference, when the pole is saturated. 
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Utilization of the Difference Field for the Pre- 
Determination of the Point of Indifference 
Since only equal and opposite fields annul each other, 
it is only necessary to search for the neighborhood 
where the gradients have the same direction and where 
the fields in Figs. 1 and 2 have the same intensity. 
Since the point of indifference must be in the interior 
of the coil, we notice immediately, when superposing 
Figs. 1 and 2, for example, against a window pane, that 
the gradients of Fig. 1 are tangent to the potential lines 


to a well-known relation, r = —— and remember- 

4 7T %o 

ing that U = —■ C. G. S. units is the assumed current 

density, we then have: 

r = 2 . 1,10 = 2.20 cm. 

and since the center of the equivalent circular sector 
falls one mm. behind the point of indifference, of Fig. 1, 
the new point of indifference will be found 2.10 cm. 



Ftq. 3 —Sketch of Interpolate Field of Dynamo Shown 
in Fig. 1, When Pole is Saturated 


The point of jndlffot'cnco lias boon moved toward tlio Interior of tbc field 
coil. Tlio ampere-turns on the loft of tlio gradients issuing from tho 
points v\ r are consumed in the polo; and thoso to tlio right of these gradients 
are absorbed by tho air-gap. 

in Fig. 2 in the narrow slice which has Joeen cross- 
sectioned vertically; see Fig. 1. The tangency con¬ 
tinues far enough so that it is well to mark off a slice 
by the two gradients of Fig, 1, which coincide with only 
slight deviation with the potential lines of Fig. 2. It 
is only necessary now to compare the intensities of the 
fields. In Fig. 2, we see that the potential line on which 
the new point of indifference should be found is located 
in the square, the bases of which have a difference of 
potential iu/8, and the lines of force a length of 1,95 cm. 
Assuming that the current density u is 1/4 it C. G. S. 
units the magnetomotive force of the whole field coil 
will be, for the scale of Fig. 1, 51 C. G. S. units, and that 
of the fictitious sheet of current 51/3 C. G. S. units, so 
that in the square tube under consideration in Fig. 2, 
the field H expressed in C. G. S. units is: 

H - f •¥Di6“ 1 . 10C ' as ' units 

If one compares in Fig. 1 the curvilinear sector formed 
by the gradients, which embrace the fourth and the 
eighth part of the section of the coil, to a circular sector, 
the radius Of such a circular sector must be, according 


distance from the old one on the curved line bisecting , 
the small cross-sectioned slice of Fig. 1. • 

Direct Development of the Interpolar Sketch 
When the Poles are Saturated 
Since we now know the point of indifference when the 
pole is saturated, we can easily develop the sketch of 
the interpolar field shown in Fig. 3, by dividing the area • 
of the coil in the ratio 1:3 by a line which starts from the 
lower left corner of the coil. In this particular ease, 
the point of indifference will be to the left of this line, 
and it is evident that the gradient which starts from 
the point Vi of the pole core must be a little further to the 
right than the dividing line. The curve of this gradient 



4—Lines of Force and Gradients When Poles and 


Armature Teeth are Saturatkp 

Tho ampero-turns to tlio loft, of the gradients starting from tlio points i’i 
avo absorbed by tho polo; anti the ampere-turns to tlio right by flip air; 
gap and the armature tooth. ' 

will be given to us by the condition that on bgth sides 
of it the tubes of the same parameter must join without 
discontinuity, which makes it necessary to move the 
horizontal dotted lines which divide the coil in aliquot 
fractions sideways from this gradient until the proper 
concordance is obtained. The gradients which start 
from the pole core are easy to trace, since they join 
the points fli, 0.6 Vi, 0.25 ®j, and 0.126 tq, with the point 
of indifference. * 









Unfortunately, the same line of force was not taken 
as the starting point in Figs. 1 and 3, but one can 

“ 6SS ' r f C T Ze that the total interpolar flux 
is slightly weaker for the saturated pole than for the 

non-saturated pole for the same useful flux (in spite of 

1 wr cent 

Case Where Poles and Armature Teeth are 
* Saturated 

In Fig. 4, the case has also been treated where the 

• P ° fe abso f rbs a third of the total ampere-turns, while 
the. ai mature teeth consume 23 per cent of the ampere- 

ys ln the air ' gap > as is indicated by the 

first tooth°' 12 Th° and V 05 ” 0 ' n0ted alongside the 
ist tooth. The general appearance of the lines of 

force is, so to speak, the same as in Fig. 3, but the 

. mter PoIar leakage flux is larger, since the ampere-turns 

necessary for the armature and the air-gap have become 

larger for thesame useful flux. ® 
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fi-om the number of field ampere-turns necessary for 
the air-gap and the armature. 

When only the poles are saturated, the necessarv 

usefulflnr f 6Ver m ° re than 1 per cent of the 

pole tips ’ f ° r the Same potential diffei ’ence between the 

But one can also develop directly the sketch in the 
air-gap, m the mterpolar space, and in the slots, when 
the magnetic circuit is saturated. It is then advanta- 

bvTh.tf 6 ? " ie tbe . additionaI Laplacian field caused 
y e saturation, which makes it possible to find the 

exact position of the points of indifference. As soon 
as these points are known, sketching the field presents 
practically no further difficulty. 

n,J be auth _ or y ishes t0 express his gratitude to A. R. 
Stevenson, Jr., for translating this paper, 


Generalization from the Superposition Process 
of Section II 

Finally, it may be asked if one could not also obtain 
the point of indifference of Fig. 1 with the aid of the air 
field due to the field coils, for example? This is in 

de VeZm% ^ ti Wil1 S00n Sh0W in the Reme Ge ™'ale 
ae l Electnate. Thus, we are led to the following 

statement. The difference field between two interpola? 

Mds generated by the same coil and the same curonts 

along a sven contour is always a Laplacian field 

"'.'Z tlle c ' jr '! our |f f »™nd by saturated mediums or 
. not ami even though the contour is simply imagined 
man entirely air medium. " g 60 

This principle is especially serviceable when it is 
necessary to determine the resulting field generated 
*by several coils, as in the case of a d-c. dynamo having 
commutation poles, for example. The Sing2 
m the slots when the teeth are highly saturated can be 

determined very well by this method. It is necessarv 

to plate the walls of the teeth with sheets of current 

£ V fh g San i 6 tangential Potential gradient along the 
teeth walls as the resultant field. K 

Theprindple of superposition of Section II can also h P 
applied to space. It is sufficient to make 4 She 
v«tor of the density j of the superficial « 
g. G. S. units) equal to the negative of the vector al 

" Zu f S’ ” om,a ' extoior v«tor K and the 
- “S 01 ' a ‘ ‘ he eX “° r S “ rfc “' “ *own to tte 

4 Try = - [ tt) H] ‘ 


PROSPECTraLEGISLATIwrFOR 70th 
CONGRESS 111 

° ! S e 70th C™*™ convenes on 
Monday, December 5th. A survey of important 

according S i ^ ^ bef ° re this Congresa - 
accoiding to the leaders, shows that there are many 

items of interest to the engineer. These include 

Dubllc C °hn'n : lailWay C0nS0lidati0n ’ Provisions for the 
P , UI d . ing program > tlie assembling of public 
woiks functions m the Department of the Interior 

DamTT^v ei i gmeenng Projects such as Boulder 

and River and £ ^ pr ° jects ' Muscle Shoals, 

ana Kivei and Harbor improvements. 

are said tetf \°l ^ rect in , terest to ^eers which 

reduction f 8 at6 r jf° r ear y considei ’ation are tax 
i eduction, farm relief, national defense measures 

^ Ing t, e eXt6 1 nsions for Nay y construction, and of 
couise, the regular annual appropriation measures 
currymgmany items of engineering interest. 

b ° zr app, ' opr , iati ™ s which were not acted upon 

of ae C1?'°" T wM !? have “me branches 
of the Government considerable embarassment smee 

attent1on. nlng °' ^ yea '' Bi “ '«*» JSS 


■ • ’ Conclusions 

j Summing up, it may be said that the interpolar 
|..V. J efcches developed on the assumption that fx = l in 
g ;,,. ir0tt are generally sufficiently exact for all practical 
purposes, provided the. interpolar flux is obtained 



GERMANY PRODUCES NEW ALLOY 

Production of “Aldrey,” a new aluminum allov 
developed for electric power lines and l ' 

tensile strength that does not i„S »‘Z th t elecS 
conductivity, has begun in Germany and prodnS 

A?sWa t 8 4 been 8 '“’, ted fOT bpth SeiLy and 
Austna, the American Consul at Franlcfort-on-Main 

has reported to the Department of Commerce. 

J-iie claims for the new allov 

e “ petiall J' for electric power lines for whichlt 
“ te " Sile Streni[th apd plM «eal 

The production, of this alloy is the result of a studied 

~o„ p u°:; y ‘, n d G ™r to di ™ st <* 

mateLr y ' t ' epc ” dmca ” ppp Primary foreign 
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Abridgment of 

Tandem System of Handling Short-HaulToll Galls 

In and About Los Angeles 


BY F. D. WHEELOCIO 

Associate, A. I. E. E. 

Introduction 

I N telephone practise there are, broadly considered, 
two distinct methods of completing telephone calls 
between central offices, one by means of direct 
trunking and the other by means of tandem trunking. 
The fundamental difference between these two methods 
may be best obtained by referring to Fig, 1. It will be 
noted that direct trunking, as the name implies, re¬ 
quires a separate group of trunks from any one office to 
every other office, whereas tandem trunking provides 
for a single group of trunks from each office to a central¬ 
ized point, known, as the tandem center or office, at 
which are means for switching together any desired 


and E. JACOBSEN* 

Associate, A, I- 13. E. 

amount of tandem switching is done automatically. 
The first tandem trunking system to employ on a 
large scale, apparatus for switching which is under the 
control of dials located at the various operators’ 
positions tributary to the tandem office, was recently 
installed at Los Angeles to handle the short-haul toll 
traffic within a radius of approximately 40 mi. T'his 
system is known as a dial tandem system. 

It is the puipose of this paper to describe the Los 
Angeles dial tandem system. It should not be inferred 
that a system similar to the one installed in Los Angeles 
should necessarily be regarded as suitable for other 
large cities, as there were certain conditions in this 
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Fio. 1 —Trunking Plans 


combination of trunks. Under the direct trunking 
plan, 30 groups of trunks are required to interconnect 
completely the six offices illustrated, while under the 
tandem trunking arrangement only six groups are 
necessary. The tandem trunking plan has the ad¬ 
vantage that the trunk groups are comparatively large 
and therefore can be used more efficiently. It is 
obvious that the advantages of tandem trunking become 
very marked as the number of offices to be intercon¬ 
nected increases. 

A great many tandem systems are in operation today 
where the switching at the tandem office is done manu¬ 
ally. There are a few installations where a moderate 

1. Southern California Telephone Co., 040 S. Olivo St.,- 
Loa Angeles, Calif. 

2. American Telephone & Telegraph Co., 19o Broadway, 

New York, N. Y. * a t m r? 

Presented, al the Pacific Coast Convention of the A. J. A. Ji., 
Del Monte, Calif., September 13-10, 1087. Complete copies 
upon request. 


1 Cajgiicoji_ 

CoronadofBaiuim.-— U Meiicali 

Fig. 2 

* 

area which made this type of installation particularly 
desirable. 

Consideration Which Led to the Installation of 
the Dial Tandem System 
The abnormal demands for telephone sendee between 
cities and communities have more than kept pace"with 
the growth in population. The facilities at times have 
been taxed to the limit and a few years ago it became 
evident that new methods of handling the short-haul 
toll traffic must be devised. The toll board method is 
adequate for long distance toll traffic, but ^a faster 
method was required for moving the unprecedented • 
increase in short-haul traffic. 

The requirements for a more rapid and adequate 
method for handling the short-haul toll traffic have 
caused the telephone company to focus its efforts on 
furnishing short-haul toll service comparable to local 
service, and in 1923 a study was made of the application 
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of tandem systems for handling the station-to-station 
traffic around Los Angeles. Step-by-step tandem and 
straightforward manual tandem systems were studied, 
both proving to be more economical and faster than the 
toll board method, the former being more economical 
than the latter. Decision to proceed with the Los 
Angeles tandem system project was made as soon as the 
results of the study were determined; and the engi- 
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Fig. 4 indicates the routes and miles of cable an^Hpp 
open-wire circuits between exchanges. 

In June, 1927, the system was expanded to handle 
number service between exchanges within the metro- 
politan area, and in addition, to handle about 95 perK|I^Mi 
cent of the number service between exchanges in the 
outlying area. ‘ WKfKM 

Under present conditions, the longest through 


- - , ^ - — —me loiiMesc tnromrh roil 

peering work for specific installations was started nection practicable to establish over the tandem svs 

nnmprnpf-pliz ± _ ^ _ toruuuiu ^ ° 


immediately. 

In 1924, switchboard position equipment was placed 
in service in various Los Angeles central offices to care 
for the necessary manual services for dial stations which 
provided a practical means for handling short-haul toll 
calls originating from dial stations. In the same year 
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tem is 55.7 mi, from office to office. : 

Description op the Tandem System 
In general, the tandem system provides for a number 
of tandem trunks from the various offices in the tandem 
area terminating on first selectors of the step-by-step :3ll®!l 
type located at the tandem center. Each level of the Tillillli 
first selectors is wired to a group of second selectors on MM i 
which aie terminated completing trunks to the various 
offices served by the system. It will be noted that the .IfH 
use of first and second selectors will theoretically permit 
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Fio. 5 Equipment Arrangement, Schematic Diacra 


□ q— o' 


key 

-CABLE 

-“'-104 COPPER CIRCUITS 
t= PACIFIC COMPANY EXCHANGE 




of reaching 100 different points, although practically 
this is somewhat limited because the first and zero i 
vels of the first selectors are reserved for testing and 
special calls. As the system grows, third selectors can 
- t=n pacific company EXCHANGE De introduced which will provide sufficLnf pnHoc + rt _,_ 

Fig. 4 tor the ultimate requirements, Two groups of first 

, s , e 1 cond Bel fctors are provided, one to handle calls 
equipment was installed in all manual offices in order T ^ points to subscribers in Los Angeles 

that dial stations could complete calls to manual sta- ™!i° • f * Ca,ls irom Los An 8 eles to subscribers in the 
flop* in the same manner as calls to dial stations. This 0U ? ym * off !f s ’ 
equipment is known as call irrll^nfo, v e/viunwiA-n -L i subscribe! 




re , , _ — Viliu OUatiUHS. llllS 

equipment is known as call indicator equipment and 
employs decimal switches and a bank of numbered 
lamps to record and display before an operator the 
° f the deS ' red station ' The operating features 
1!™Slf rvice P°? tion5 a »< 1 can indicatoi 


. an outlying office desiring a Los 

Angeles number, see Fig. 5, will pass to his local op¬ 
erator the desired number as listed in the Los Angeles 
c. y directory. The local operator will then select 
idle trunk to the tandem center and dial the number 


nWTOW >.<#. »G ./,/ v-> ' r.v 




Aonibn.^,. ., , can indicator ,, • , “ «uu me numDer 

„;Mpment provided, materially aided in reaching the , f 18 to a dlal ^stem office, the first and secon d 
;fg 10n t0 ad °P fc the d W tandem system. 8 f led f s at the tandem point will- respond to the fi£ 
IjMtk 1 ^° s An ^eles dial tandem system was gradually nffW puded by the operator to select the desired 
,n sarvice » starting March 30, 1926 It il \ Tha rem ammg four or five digits, as the 
|S ed tu handle all of the short-haul toll traffic in- ZnpJofM repeated ° n throu e h the selectors and 
,gUded within a maximum radius of approximately 40 n “ t6l ' s at the «terminating office to reach the proper 
^ tendem center, except thTvS Z2 S Iine ; If «te called station isbuly, 

an other considerations have prevented If T 1 ! ^iven to the originating operator 

It the station is idle, the subscriber’s bell will be rung 
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automatically and upon the answer of the called party 
the supervisory cord lamp at the originating position 
will be extinguished as an indication to her that the 
called station has answered. The operation of the 
supervisory lamp by the called subscriber's switch 
hook provides the originating operator with complete 
supervision and a visual means for timing the call. 
After the completion of conversation, the calling and 
called parties will restore the receivers to the hooks, 
thereby causing the supervisory lamps on both cords to 
be lighted. The originating operator will then com¬ 
plete the timing, remove the answering cord from the 
subscriber's jack and the calling cord from the trunk 
to the tandem system which will cause the automatic 
release of all switches involved in setting up the con¬ 
nection; If the call is to a manual office, see Fig. 5, 
the connection will be established exactly the same way 


code to select a trunk to the desired outlying office. 
As soon as the trunk is seized, a signal will be displayed 
on the trunk before an incoming position. The in¬ 
coming operator at the outlying office, upon answering 
the call, will automatically place a momentary tone on 
the connection which will indicate to the first operator 
that the incoming operator is ready to receive the 
desired number. The incoming operator, upon re¬ 
ceiving the number, will complete the call to the desired 
subscriber by selecting the proper lin^ jack in the 
manual switchboard multiple. As in the description 
of previous calls, the local operator in this case will 
also have complete supervision over both the calling 
and called subscribers, 

The equipment required at an outlying office to 
provide the above described operating features consists 
in providing a sufficient number of tandem and com- 
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except that the desired number will be displayed on one 
of the call indicator positions in the terminating manual 
office. The call indicator operator will complete the 
call in the same manner as she would a local call. The 
supervision obtained by the originating operator is the 
same as that described above for a call to a dial system 
subscriber. On calls from a manual office in Los 
Angeles to one of the outlying points, the functions 
performed by the subscriber and the local operator will 
be generally the same as that described above. On 
calls from a Los Angeles dial system office to an 
outlying office, the subscriber will first dial zero to 
reach his local operator after which the call will proceed 
in the same manner as described above for a call 
originating in a manual office. If the outlying point is 
a dial system office, the call will be completed in .the 
same manner as described for a, call from an outlying 
office to a dial system office in Los Angeles. If the call 
is for a manual outlying office, however, it will be 
completed by a straightforward operation; that is, 
the operator in Los Angeles will first dial the proper 


pleting trunks with their associated terminal equipment 
to handle the peak load of the traffic. The operator’s 
cord circuits are modified so that her position dial can 
be associated with any cord; or in cases where the 
volume of traffic is relatively small, a cheaper arrange¬ 
ment, consisting of the provision of a dial cord, would 
be installed, It would be well to mention here that no 
equipment of this nature was required for the‘'Los 
Angeles manual offices. These switchboards had 
already been modified for dialing and for call indicator 
operation in order to provide a suitable method for- 
completing calls to and from dial system offices in the 
local metropolitan exchange area. If these modifica¬ 
tions had not been made, the economies of the machine 
switching in preference to manual straightforward 
tandem operation might be questionable. 

The floor plan layout of the tandem equipment at 
Los Angeles is shown in Fig, 9. On the left-hand side 
are the first and second selectors, pulse repeaters, dis¬ 
tributing frame and outgoing secondary switches for 
completing calls to and from the more distant points; on 


I • 
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the right-hand side the first and second selectors and 
pulse repeaters for completing calls to and from the 
nearby points are served by the tandem system. The 
first group, as noted on the sketch, is designated for con¬ 
venience as the long-haul system and the second group 
as the short-haul system. These terms are merely 
equipment group designations and it should not be 
inferred that the two groups are provided for handling 
two types of traffic. A total of 2500 trunks terminates 
at the tandem office and 4000 selectors are required to 
do the switching. 

, ,The g™up of switches designated short-haul system 
performs the same functions as the group designated 
long-haul system except that it provides for the comple¬ 
tion of calls to and from certain of the neighboring 
points to Los Angeles. The purpose of providing the 
so-called short-haul group is to permit of the use of 
small gage conductors on trunks which carry a relatively 
high volume of traffic between Los Angeles and outlying 
offices within approximately a 10-mi. radius. As anillus- 
tration of the economy of this arrangement, it would be 
necessary, if all calls to Pasadena were completed through 
a subgroup of tandem switches, to provide approxi- 
mately 150—16-gage conductors in order that calls from 
banta Ana, for example, would receive satisfactory trans¬ 
mission, although such calls are relatively few as com¬ 
pared with the total volume of traffic to Pasadena. Bv 
providing a separate group of selectors, known as the | 
short-haul system, 20 conductors of 16 gage would be 

ffivTqn t° n . lon |;' haul system ' Pereas the remain- i 
mg 130 trunks to Pasadena from the selectors of the < 

torv ta a f lT te “ a ’ e ° f “ *•*" ”” d entirely satisfac- , 
tory foi the transmission requirements of the calls which t 

it handles. The annual charges on 16-gage conductors t 
per mile are approximately two times those for 19-gage s 

SYstm altn 0 ' ‘I'* SeleCl ° rS in «”> taE 

' S ^; e , m at Los An geles is not required as they are of the r 
well-known standard step-by-step type and are wired T 
together in accordance with standard practises except 1 

2 

- PI 

offices it was necessary to add S to afba?f l,i " g » 
order to raise the voltage to 48 wi,i • the • battery 111 ha 
:«or operation of ek * c „l ° h “ »««* **«» * 

conimgm'f,oftgoh^Tmks'fion, JjJf, , both l;,e bei 

bnng offices to repeat dnl im 1 a anc Iem and out- a j 

of the circuit to another are new w/' ° m ° ne section ass 

circuits and to the association 0 ^° ' ^ r6Spect to cir< 

apparatus required in circuits Thl 7f 10US , pieces of the 
ncireuits. ^ The relays of the pulse anc 


ind repeater are mounted on a removable base and covered 
the as a piotection against dust*in the same mannoi* fus 
he standard equipment. The associated composite and 
on- repeating coils are shown mounted directly above the 
,U P repeater relay equipment. It is the usual practise in 
ely engineering toll telephone equipment to mount the 
be composite and repeating coils together with their 
ng associated condensers on separate frames and wire this 
tes apparatus to test jacks on the toll testboard. Such ah 
to arrangement will provide a rapid means for replacing : 

defective apparatus which may have rendered an 
;m expensive toll line inoperative. It was decided in the 
ed engineering of this installation to forego some of 3 
ie- this flexibility since the toll lines involved did not* 
ig exceed approximately 40 mi. It was, therefore, 
ie practical to associate the composite and repeating coils 
oi on the same frames as the relays, an arrangement which 
ly effects considerable economy in floor space, mounting I 
ig racks and cabling, and also facilitates maintenance, ;i 
s- The results of the operation of the tandem system witii 
>e respect to maintenance, apparently justify our engi- 1 
h neenng decision in this respect. 

I' , where large groups of tranks were required 1 

n to handle traffic, such as between Long Beach and I 
’’ os Angeles, considerable economy was effected by the $ 
r use of outgoing trunk secondary switches. These J 
[ swltches pe, ; forin the same function as the standard $ 
; pr ' ma !' y a ‘ ld ondary line switch arrangement em- 1 

' P , y t d f step ' by ' ste P dial system offices, the theory of : | 
which has been described in previous papers Of % 

' ™ p Urae ’ 111 f e . case of tandem system, theecononiies I 
- aiesomewbat more marked, due to the fact that the J 

! t r -^ C ° nsiderably more pensive than I 
’ '! hlcb are saved ,} y the use of secondary line 

swtehes m local step-by-step office practises. * '4 

Where phantom trunks are not used/the pulse re- - 

uXszizz? “ those employe<i between ,ocai :! 

Referring now to the operating features of the princi- : 
pal circuits involved in completing a call through the 
aiidem system, see Fig. 11 which illustrates aTpical : 3 

Los Aniw 0 . ut y,llg f manual used in a caH to a 

tention w ii\ dm - SyStem Subscriber ‘ Particular at- 

will be given to a description of the novel 5 

to “the “to ne ar '” 8emK,t tor Phantom trunks :l 

device ° f | 
When a calling subscriber in an outlying office lifts 

1 

1 

the cutoff relay in the iS? ^ answerilJ S cord to J 








"MMM 


■ Wi 




















■ •*.****. 










- 'V 















Dee, 1927 


WHEELOCK AND JACOBSEN: TANDEM TRUNKING SYSTEM 


1410 


line, opening the lamp circuit, and extinguishing the 
line lamp. Battery is fed from the cord circuit re¬ 
peating coil to the subscriber’s set to energize his 
transmitter, and the calling supervisory lamp is under 
the control of the station switehhook. 

The operator then obtains the desired number from 
the calling subscriber and if the number is in a local 
dial system office in Los Angeles she will select an idle 
trunk to the Los Angeles tandem office and insert therein 
the other end of the cord which she has used to answer 
the calling subscriber. Plugging into the outgoing trunk 
jack closes the circuit of the sleeve relay in the trunk 
to battery on the sleeve of the calling cord. The 
resultant operation of the sleeve relay, designated S L 
on the sketch,.closes a circuit from ground through the 
winding of the S relay to battery on the ring conductor 
of the trunk. Relay S operates and locks on its own 
front contact, closing a circuit to operate the P relay and 
apply battery to the midpoint of the differential winding 
of the C X relay. Relay S also applies battery to the 


This application makes possible the use of phantomed 
trunks from the outlying points to the tandem center 
with accompanying economies in outside plant. 

These trunks, as shown in Fig. 12, are provided with 
phantom coils and simplified composite sets, through 
which the four metallic leads of the phantom group are 
brought out to duplex relays. All of this apparatus is 
interposed on these trunks between the regular out- 
dialing trunks, already described, and the incoming 
pulse repeaters at the tandem center. . 

Referring to the diagram, the action of an out-trunk 
circuit when picked up by an operator is to furnish 
battery instead of ground to the lead designated S on 
the particular channel selected. The resultant battefy 
flow passes to the midpoint of the differential winding 
of the duplex relay and there divides in equal parts, one 
part passing by way of one-half of the diffei’ential 
winding over the line to the distant relay at the tandem 
center and the other part passing through the other 
winding and through an artificial network of electrical 



winding of the A relay which does not operate at this 
time. • 

The operator in dialing pulls the dial off normal, 
closing its off-normal contacts and operating the dial 
relay to associate the dial with the calling cord. The 
operation of this relay disconnects the repeating coil 
from that end of the cord and connects ground through 
the pulsing contacts of the dial to the tip conductor and 
ground through the off-normal contacts to the ring 
conductor of the cord. This latter application provides 
an operating ground for the A relay in the trunk, whose 
principal function is to connect the P relay to the tip 
conductor so as to prepare it to receive the pulses from 
the dial. The P relay repeats the pulses to a relay, 
corresponding to the C! X relay of the trunk, in the 
incoming repeater at the tandem center, at the same 
time not affecting the C X relay in the trunk, which is 
used to receive a signal upon the answer of the called 
party and so extinguish the lighted supervisory lamp in 
the calling cord. * - 

This two-way signaling feature, i, pulsing in one 
direction and supervising in the other, over a single wire, 
is accomplished by an application to telephone signaling 
circuits of the familiar duplex principle of telegraphy. 


characteristics similar to the line attached to the other 
winding. These two current flows, being equal in 
strength, produce equal magnetomotive forces opposite 
in direction which have no effect upon the relay. 
That part of the current, however, which has passed 
over the line flows through the two windings pf the 
distant duplex relay to ground through its associated 
artificial line and through the two windings of the belay 
in an aiding direction, operating this relay to actuate 
the repeater circuit and so pick up an incoming selector. 
Pulses from the operator’s dial, therefore, will control 
this distant duplex relay/ which in turn sets up the 
connection through the tandem system in the usual 
way. 

On the answer of the called party, the incoming pulse 
repeater furnishes battery instead of ground to the lead 
designated S, which flows in opposite directions through 
the duplex relay windings, one part through the 
artificial line and the other over the line, through the 
two windings of the duplex relay at the outlying point. 
The operation of this relay retires the operator’s 
supervisory lamp in the calling cord, indicating to her 
that the called party has answered. ' 

At. Nip pfimnlfitinn of conversation, the hhug-up of the 
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the tandem train of switches, and through an outgoing 
trunk repeater to the switch train of the local office, 
to select in the manner well known in step-by-step 
practise, the terminal of the called line. 

Upon the answer of the called subscriber, the battery 
flow from the tandem switch train to the incoming 
repeater is reversed, operating the polarized relay E. 
The midpoint of the differential winding of the C X 
relay is thereby changed from ground to battery, 
causing, as previously outlined, the operation of the 
C X relay in the outgoing trunk at the outlying office 
and the subsequent extinguishing of the calling super¬ 
visory lamp. 

At the completion of conversation the current flow 
through the E relay again reverses, causing the release 
of the relay and lighting of the distant supervisory lamp 
as a disconnect signal. The disconnection by the opera¬ 
tor releases the C X and A relays, opening the circuit to 
release the B and K relays. The opening of contact P 
of the K relay restores the switches of the tandem train. 

Where the trunks outgoing from the tandem office 
terminate in local manual offices equipped with call 
indicator completing positions, a pulse repeater is 
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Pig. 14— Complete Trunk, Simplified Circuit 

provided to repeat the decimal pulses directly to the 
call indicator display apparatus. This apparatus is 
substantially the same as that in use in panel dial system 
offices which has been described in early papers on the 
panel system. 3 

Trunks outgoing to manual offices not equipped with 
call indicator are operated by what is known as the 
straightforward trunking method. This method em¬ 
braces most of the offices in the outlying towns which 
connect to the tandem system, and a simplified diagram 
of one of the types of trunk circuits is shown on Fig. 14. 

When the trunk is selected at the tandem point, the 
outgoing repeater sends battery over one of the wires 
of the phantom trunk group, in a manner similar to 
that already described for the outgoing trunks, to cause 
the relay C X to operate, lighting the guard lamp 
through a chain of relays to appraise the operator of a 
waiting incoming call. The . operator answers by 
.operating the talking key on the completing trunk, 
bringing into play apparatus in her telephone circuit 

3. Paper by Craft, Morehouse and Cliarlesworth, A. I. E. E. 
Trans., Vol. XLII, 1923, p. 187. 


which sends a momentary tone to the calling operator, 
to advise her that the completing operator is ready to 
receive the call. She then plugs the completing cord 
into the multiple jack of the line desired. 

The sleeve circuits of the cord and line are closed, 
operating the cut-off relay in the line to remove the 
associated line relay and setting in operation the 
machine ringing apparatus in the cord. 

When the called subscriber answers, machine ringing 
is tripped and the circuit closed through tQ the repeating 
coil in the cord. Battery through the repeating coil 
flows over the line to energize the station transmitter 
and operates the series supervisory relay S. This relay 
in operating places battery on the midpoint of the 
differential winding of the C X relay, causing the* C X 
relay in the outgoing repeater to operate, and by means 
of a reversing relay, reverse the battery flow through the 
tandem switch train to the incoming repeater. As 
already described, this results in retiring the calling • 
supervisory lamp at the originating office. 

At the completion of conversation the hang-up of the 
calling party lights the calling supervisory lamp as a 
disconnect signal and the called party’s hang-up Kghts 
the other supervisory lamp. The disconnect of the 
originating operator releases the tandem switch train, 
in turn releasing the outgoing trunk and lighting the 
disconnect lamp through the back contact of the now 
restored C X relay at the completing position. 

Placing the Tandem System in Operation ■ 

With the introduction of the dial tandem service came 
many interesting problems. As in most cases where 
communities are joined together by new communica¬ 
tion methods, the various interests and general view¬ 
points of those concerned present an interesting and 
difficult problem to solve on a mutually satisfactory 
and equitable basis. The area includes 12 connecting 
companies which were using five different makes 6f 
equipment. The two larger of these included one ex¬ 
change of 28,000 stations and another of more than 
13,000 stations, both of which originated a large Amount 
of toll traffic in proportion to their size. In addition 
to providing new equipment and rearranging existing 
equipment at the outlying points, it was necessary to 
instruct the local operating force at each place in* the 
proper operation and maintenance of their equipment 
in order to obtain the desired service results. 

In order to acquaint the operators with the tandem, 
system, a number of bulletin cards with the names and 
codes of offices was prepared and placed on each posi¬ 
tion handling tandem calls. Information and instruc¬ 
tions as to whether the tandem code together with the 
subscriber's number or only the code should be dialed 
in passing the order to the completing, operator, also 
were included. Very little educational work was re¬ 
quired in the training of the operators in Los Angeles as. 
they were already accustomed to dialing. The straight- , 
forward completing feature of the tandem system was 
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Quite like the manual straightforward tandem system 
already in operation. Considerable training was done 
in the outlying offices, however, as many of the opera¬ 
tors were not accustomed to dialing and in some cases 
were not familiar with the requirements in the proper 
handling of short-haul toll traffic. A brief description of 
the tandem method of operation was prepared for each 
outlying town, which was discussed with the super¬ 
visory officials who presented the problem to their 
forces. The c^iestions and answers presented in these 
conferences resulted in a knowledge of the system as well 
• 88 * ie Retails of the operators’ work being known to the 
operating forces before service was started. In estab¬ 
lishing the many routes which were made effective with 

° f , h< : taadem system, it was essential that 
means be provided so that customers might easily obtain 
telephone numbers in other exchanges and the neces- 
saiy routines were established to accomplish this. 

" 1vit JT S ° f ? shipment was made at the out- 
lymg offices where limits were severe. These tests in* 
eluded dialing and signaling from minimum to maxi- 
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fcem over of the initial equipment comprised a period of 
one nearly two months. Following this, other exchanges 
;ra- have been given the service from time to time, tern- 
i.ses porary equipment being replaced with permanent, so 
per that there now remain only six points originally planned 
i of for the tandem system that are not actually receiving 
ich its full benefit. These exchanges are Arcadia, Covina, 
er- Pomona, Redondo, Sunland, and Torrance. The most 
eir recent cut-over of magnitude in this connection was in 
ase June, 1927, when Pasadena was changed from manual 
f °± Vf. °P ei ’ation. At this time a tandem center was 
:he established serving Pasadena exchange with direct 
ib- connections to four Los Angeles offices and to the fol- 
th lowing outlying exchanges: Alhambra, Arcadia, Ores- ‘ 
at centa, Glendale, Monrovia and Sierra Madre. 

s ~ SOUTHEAST ENGLAND ELECTRICITY 
t _ SCHEME 

o* The southeast England electricity scheme, 1927, pre- 
:i- pared h l , the d«*ricity commissioners, is mw in the 
Je hands of the central electricity board, the official supe ? : f 
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T HE development in power transmission has been 
in the direction of delivering increased amounts 
of power per circuit over greater distances. This 
trend raises two fundamentally important questions: 

1. What constitute the output limitations of the 
alternating current system of power transmission, and 
2. How close to these limits is it feasible to operate 
transmission systems? 

During the past few years, investigations have been 
under way to find the answers to these questions. 
Stability has been recognized as the outstanding output 
limitation of power systems utilizing synchronous 
machines of the types now in use. There have been a 
number of proposals for increasing the stability limits 
of power systems. The use of lower system frequency 
and the reduction of the series impedance of the system 
are obviously of value in increasing the stability 
limits. Recently, the latter method, by decreasing the 
machine impedance, has been adopted in a number of 
transmission undertakings. Of course, raising the trans¬ 
mission voltagb has been considered, but it is rela¬ 
tively expensive and does not avoid the "distance 
limitation” in lines approaching the quarter wave 
resonant length, This effect becomes important for 
distances considerably below the theoretical value 
because of the impedance of terminal equipment. 

One proposal of greater promise than any of those 
mentioned in the previous paragraph is the use of the 
intermediate synchronous condenser station- In 1921 
Mr. F. G. Baum presented an important paper de¬ 
voting a considerable part of it to tlie use of intermediate 
condenser stations, which he advocated as a method of 
making technically feasible the transmission of 60- 
cycle power to substantially unlimited distances. 

Since the early proposals to utilize the intermediate 
condenser station to increase the stability limits of 
transmission systems, the entire subject has received a 
very great deal of attention before the Institute and in 
the technical press. During 1924, Messrs. Evans and 
Bergvall presented the results of tests made during the 
previous year, giving experimental verification of the 
increases in stability limits possible by the inter- 
.. mediate condenser. The tests were made on a minia¬ 
ture power system and showed improvements as great 
as 42 per cent. In the bibliography is listed a number 
of technical papers published in America dealing with 
the intermediate condenser station problem^ 

♦Both ofWestinghouse Elec. & Mfg. Co * East Pittsburgh, Pa. 
Presented at Ike Pacific Coast Convention of the A. I. E. E., 
Del Monte, Calif., September 18-16, 1987. Complete copies upon 
request * 


It is desirable at the outset to point out the limitations 
of the investigations. The present paper is confined 
to static limits. Static limits are important because 
they may be approached under emergency conditions 
even though the system is designed to operate well # 
below these limits normally. It is recognized that 
stability limits under transient conditions occur for 
smaller values of transmitted power. The authors 
presented a step-by-step method applicable for the 
determination of the transient limits of transmission 
systems including intermediate condensers. It may be 
pointed out that static limits-are best investigated by * 
the application of a criterion obtained on the basis of 
small transients. 

General Representation op Systems* 

In general, the solution of any physical problem is 
reached by the solution of equations, the number of 
these equations being equal to the number of unknown 
quantities in the problem. This is also true for a-c. 
networks with fixed constants. Because of the linear 
nature of the first and second laws of Kivchhoff, 
which alone are necessary for a solution, the simul¬ 
taneous equations are always linear, with constant 
coefficients. The solution for the terminal currents in 
terms of the terminal voltages of an n terminal network 
can always be reduced to the following form* 

I„ = Y..E.- YotEfc— YaoE,.- Y an E» ' 

Ij = — Y(,„ E„ + Ytj Ej — Y&c E c .... — Yt„ E„ 1 ^1^ 

I„ = — Y„ a E 0 - Y n(1 Ej - Y„ c E e ... . + Y n » E„ , 


in which the coefficients Y 00 , Y m, ... . . Y„„ are termed 
self admittances, and the coefficients Y a i>, Y mn , etc., are 
termed mutual admittances. It can be shown that 
Y mn is equal to Y nm . The network is then completely 

defined so far as the terminal conditions are concerned 

♦ 

by n self admittances and -g (n - 1) mutual admit- 

• 

tances. A two terminal network will reduce to a net- , 
work of two self admittances and one mutual admit¬ 
tance, a three-terminal network will reduce, to 5, network 
of three self admittances, and three mutual admittances. 
The physical significance of these notions may be 
illustrated by considering in more detail a three terminal 

network. The equations for this case are 

♦Complex quantities will be designated in this paper by a 
bold face roman type. The conjugate will be designated by 
old English type. Italic type indie?les absolute value. . 
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1“ ~ Y aa E„ — Y at, E/, — Y CI1 E„ 

1& *' Y 0 6 E 0 -)- Y bb Ej, — Yj c E c ' (o) 

1* = — Yco E„ — Y bc Efc + Ye E„ 

Now, referring to Fig. 3 it will be seen that the above 
equations represent the solution of the network 
indicated. 

Discussion op the Assumptions Involved 
_ The general method described in the previous section 
is the only one available for analytical calculation of 
™ stability limits of power system networks. Trans- 

• f° wilers < reactors and lines may be represented in the 
usual manner by general networks with constant 
impedance and admittance branches. The accuracy 
of the general method depends upon the justification of 
the following approximations: 

1 * Synchronous machines may be represented by a 
source of voltage and a series impedance. • 

• 2. Loads may be represented by shunt admittances 
alone or m combination with synchronous machines. • 

Two-Machine Problem 

The problem involving two sources of synchronous 
a-c. voltages have been termed the “Two Machine 


Pa+jQn = 3E„f a 

= 3 Ej ' - ~£ y nb E„ ■£„ 

Pb + 3 Qi> = 3 E(, 3f, 

= — 3 Efi -f- 3 tybi, Ej 

or in terms of their line to line voltages: 

P a + j Qa = y„„ #A 2 - Vab E A % j 

Pb +jQb = - y ab 1 Z A En + y bb Ext j 
Let 

E a = E a S 

E d = E R e^ B 

Y„* = Y ab j* 

Y„„ = Y„„ J* 

Y'» = Y bb 

then 

Pa+jQa = Y aa E,je-i* 1 

- Yab E a Exx e y<M -»> 

Pb +j Q b = - Y„ b E a E d € j{ * n ~m 
+ Y bb e-t* 

and since e J0 = cos d -j- j sin 0 
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roblem. The solution given here represents the 
general case for any two synchronous machines con 
nected to networks in which the load can be represented 

macEr The"' 68 °K- haft l0ads 0n the ^hronous 

machines. These machines may be operating- a* 
generators, as one generator and one motor or as one 
generator and a condenser. The current af-Vlm f 6 

th^ini the 1 , nac 1 hines can alw& y s expressed in termTof 
the interna] voltages by the follotving eqimttas: 

1- = Y aa E„ - Y ttb E b ) 


~ Y„ b E a En cos (if) a - fa - 0,) 

P b = - Y ab E A En cos (<f) A - 0 u + 0,) 

+ Y&fi En 2 cos 08 

a„I h at1 U,e eleoW “> «*m at . 

p ‘I,,/ 1 '- ““hfiieal input will be designated by 
P„ and P„ m which mput as for a generator will be 
considered positive and input as for a motor having a 
shaft load as negative. The difference between the 

expressed bv^P °~P * S? ine ’ generator is thus 

acceleration nf t-u f‘” u T ^' S can be converted to 
acceleiation of the rotor by means of equation (8), so 
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These expressions determine the rate of change in the 
absolute position of the voltage vectors. In the final 
analysis, however, it is the variation of the difference in 
angle between the two voltages, the phase angle differ¬ 
ence, that is really important. So long as the phase 
difference between the two voltages does not exceed a 
certain value the actual changes in their position in 
space is unimportant. 

Let 

<I>a ~ — 4> ( 16 ) 

(P cf> d? <p A d? (p n 

-*r - ~dW - ~dr~ <”> 


From equations (14) and (IS) 

_ i qa f { ^ >f|a _ I , 

a “ 180/ W„ W b + 


Ybb Fb 2 

+-157- cos ‘Pa 


for stable operation. Another disturbance suggests 
itself in decreasing the network load by changing the 
network constants. The latter two involve a change in 
frequency or governor setting to determine the final 
steady state operating conditions. For this reason the 
change in angular position constituting the disturbing 
factor will be selected. 

The criterion for stability shall be that the system 
return to its original position after a slight displacement 
of the angle between the machines, ket 0 o he the 
steady state angle and 6 the departure of 0 from this 
angle, then • 

0 = (pa + 9 ( 20 ) 

A 0 is then equal to 6 for small value of £J and 

<Pcpd 2 d . ' 

a = = -^ 7 . Since the acceleration is zero for 


Y aa El 
W a 


cos 0 i + Frtti Ea Eb 


+ (ip: } < 18 > 

This equation completely determines the oscillation 
between the machines resulting from a disturbance for 
the given circuit conditions, voltages, inertias, and gover¬ 
nor settings. Circuit conditions, inertia of machines, 
shaft loads of motors and prime mover inputs of 
generators can be assumed constant, the last named 
because of the relatively sluggish action of governors. 
The voltages appearing in the equations are machine 
voltages which are assumed constant in magnitude. 
The above equation can be solved by elliptic func¬ 
tions or by step-by-step methods. For small variations 
from the mean angle the following method may be used 

da 

A a = T7 A0 


0 = 0 o, everything being balanced for this particular 
value, then A a = a for small values of a. 

* Equation (19) may now be written 

d~ o r / l l \ 

77 = 180/ E a 77) cos ^>. sin ^ 


180 / Y ai E a E b [ - (77 - 77 ) cos 0 S sin 0 O 

11 * 

( + )sin0!cos0o^ . 6 . (21) 


= 180 fY ab E a Eb\_- (-77 - 77 ) cos 0 i sin 0 + 

+ + ■p^')sin0 i cos0] A0 (19) 

It is interesting to note that only the mutual admit¬ 
tance enters this equation, the two self impedances 
disappearing because they are not associated with terms 
that vary with the angle. 

In analyzing the conditions for stable operation at 
a given operating point several criteria suggest them¬ 
selves. One of the rotors can be displaced ..forcibly 
from its position of equilibrium and the relations 
analyzed to determine whether it will return to its orig¬ 
inal position. An increment of load could be placed on 
the shaft of one unit and the conditions investigated 


^ + 77 J sin 0 i cos 0 o J . d . (21) 

This has the same form as the simple differential 
equation 

p e 

Jer= Kd W 

which is the equation for simple harmonic motion so 
long as K is negative. The condition then that the 
motion resulting from a disturbance be oscillatory and 
not continue with increasing angle and finally pull out 
is that the coefficient of 6 he negative; then for any small 
displacement 6 the rotors will always return to their- 
original relative position. Since the quantity 180/ 
Y„b E a Eb is positive the condition for stable operation 
reduces to the relation that ’ 

( w. + ) sin *• cos *• 


- ( ijr - )c°s*,sm<(.. < 0 (23) 

The limiting condition is reached for that value of 0 


for which 


(£+■ 

j sin 0 1 cos 0 o 
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It can be seen from this that the limiting angle is a 

argument° o/h!™^ °i the tW ° machines and of the 
argument of the complex number representing the 

mutual admittance Y a6 . This result is contrary to the 
previously accepted theory which neglected the in¬ 
fluence of the relative values of the inertia. 

For 

W a = a> 

tan <f> 0 = — ta n ( j >1 
^*0 = — (j) t -f- n 7T 

where n is any integral number. 

• ForFi, = co 

4>o — + m 7r 

For W a = W b 

< t > o = tt/2' (25) 

For those cases usually met in practise in which a is the 

• SS? CTd ““ 6 U,e “< <* a ‘-anlil 

for n = 0 and m = 1, so that 

and for (26) 

_ = tt + 0, (27) 

con f derations Perhaps, may,' be seen 

wiore clearly by analyzing the expressions for or 0 and 
oth in the light of the power circle diagrams. Consider 
machine a as a generator and machine b as a motor 
connected by a simple impedance Z. The motor shall 
be loaded by a shaft load of essentially constant power. 1 

(see Fig, 8). The coefficients for this case will then be: 

V 1 1 1 
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form of power circle diagrams shown in Fig 9 ThA* 
point a, being the center of the sending-end circle, is 

l^ r "“ ned hy , the ** * erm in equation (28); thesecond t 
teimmay be drawn with a as center and radius equal to ■ 
tire absolute value of the second term. For 0 ?o the ‘i 
hne will he along 0 a. This line constitutes the refer- I 
ence hne. For other values of 0 the particular angle is . 
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Circle 
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Eiq. 9 Power Circle Diacram ror t„ e Simple Power 
System Shown in Fig. 8 


Y ao — Y a b = Y bb = 


R+jX~ Ze j + 


so that equations (12) become 
‘ P. + 3 Q a - ~ ~ t J{ * +» (28) 

-Pi + j’Qi = - ~~ E a E b 6 a ~*+*> + -L- Erf 


r, . , (29) 

Reversing the positive reference of current flow at B 


GENERATOR 


▼ r y v y v 

IMPEDANCE 


Fiq. 8—Simple Power System 

£:‘ : : * 

to correspond to the more usual practise the power 
expression for JB becomes: v wer 

Pbi+j Om = + E x E n _ -i_ Erf e J+ 

z 

Equations (28) and (29) can be plotted in the usual 


measured from this line, positive angles rotating the 
vector counter-clockwise. The receiver circle is plotted 
n a similar manner with center at b determined by the 

S**™ f 7 iatl0n ( 3 °)- Positive angles are mea- 
suied m clockwise rotation from bo. Now suppose 
the systems were operating at the point c on the s^nd- 
mg end circle which corresponds to d on the receiving 
cn cle The governor would be set for the power corre¬ 
sponding to c and the power, or torque since speed 

nnhT 68 / 80 f lght v' ° n *; he m0t0r W0uld c °JTespond to 
P 1 • Any slight instantaneous change in the 

\r uld change the °P eratin g points to c' 
the governor setti »g ^d motor torque 
aie constant the increased power output at the genera¬ 
tor end tends to slow up the rotor of the generator and 
speed up the rotor of the motor and thus reestablish 

^r gn,a \° Perating angle> This is an inherently :? 
J? The accele ^tion at either 
vanes directly as the excess of output over input 

mid inversely as the inertia of the rotor. The actual 
late of change, the resultant acceleration, of the angle 
is a resu tant of the effects at the two ends. Both 
effects act in the same direction up to the angle corre- 
spondmg to maximum power at the receiver, (point of 
vertical tangency), i, <?., up to this point a small mere- J 
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r'f 

iff/ 


ment in angle produces retardation of the rotor at the 
generator or sending end and acceleration of the rotor 
of the motor but both effects tend to decrease the angle 
and to this extent act in the same direction. Slightly 
beyond this point an increment in angle produces 
retardation of the rotor at the receiving end. Both 
ends are now retardation. The" resultant effect on the 
system depends upon which of the two retardations is 
the greater and these in turn are dependent upon the 
relative inertias of the two machines. For equal 
inertias and angles less than tt/2, the generator will 
retard faster than the motor for positive increments 
in angle. When the angle is 7r/2 the retardation are 
equal but within the range of line angle, to tt/2, 
while both ends retard the generator retards sufficiently 
rapidly to maintain synchronism. The system as a 
whole will retard, reducing the frequency, but this will 
be taken care of by the automatic governors. 

When the inertia of the generator is infinite the 
acceleration of the generator for any finite change in 
power is zero, so that the acceleration or retardation of 
the angle is determined entirely by that of the motor 
rotor. For positive increments in angle the accelera¬ 
tion of the motor rotor is positive up to the point where 
the line angle reaches \p, beyond which it becomes 
negative. The stability of the system for this condi¬ 
tion is coincident with the condition of maximum power 
at the receiver*^" in Fig. 9) and the line angle is the 
argument of the complex number representing the 
admittance Y ab . When the inertia of the motor rotor 
is infinite the limit is determined for similar reasons by 
the condition of maximum power at the generator. 
This corresponds to a line angle of rr — the operating 
points of which are indicated by c' n and d'" in Fig. 9. 
It is interesting to note in this connection that it is not 
only possible theoretically to operate beyopd the point 
of maximum power of the receiving circle diagram such 
as discussed for conditions when the inertia of the rotor 
of generator is other than infinite, but it is possible to 
operate beyond an angle of tt/2 , when the inertia at the 
receiving end is greater than that at the generator. 
While this is the condition usually met in practise it is 
not being advocated here to operate a system within 
that zone. 

It follows from the above discussion that while the 
point of maximum power might be a stable operating 
point this method might give a result which would 
indicate that for the maximum angle at which it is 
possible to operate, the stability limit is lower than the 
maximum power, (i. e., that the power at say d" 1 is 
lower that at d"). But to arrive at this operating point 
it is necessary with slowly increasing load to pass 
through the point of maximum power of the circle 
diagram. In such case the system reaches a ipaximum 
power limit before a stability limit.* These ideas are 
merely being developed here to insure a clearer con¬ 
ception of static stability. Some of these operating 


conditions which are here shown to be stable were 
heretofore considered inherently unstable. 

Practical Calculation of Static Stability 
The most general ease in which the problem can be 
reduced to a single synchronous machine at each end 
is worked out in the unabridged paper together with an 
illustrative example. 

Stability Limit of 220- and 110-Kv. Transmission 
Systems « 

The methods which have just been described have 
been applied to the calculation of the stability limits of 
60-cycle, 220-kv. transmission systems of various 
lengths. Fig. 15 shows the stability limits for systems 
with generator and step-up transformer at one end and 
step-down transformer and synchronous motor at the 
other end, the generator and motor being identical in 
electrical and mechanical characteristics, and the 
voltage being maintained at 220 lev. on the high voltage ■ 



3-pliaso, GO-cycle, 795,000-cir, mils aluminum condenser, steel reinforcea 
29-ffc. equivalent spacing • 

side of the transformers. Fig, 16 shows the stability 
limits for the same lines fed into an infinite bus at the 
receiving end, that is, tlie voltage at the receiving end 
is maintained constant at 220 lev, and tlie inertia of the 
apparatus at the receiving end is assumed to be in¬ 
finitely large, In both cases the generator reactance in 
per cent was based upon the delivered power. 

The curves of Figs. 16 and 16 may be used in estimat¬ 
ing the static stability of systems by considering how 
the particular system approaches either of these con¬ 
ditions upon which the calculations were based. These 
curves will also be found useful in comparing the relative 
effects of generator reactance and length of line upon the 
stability limits. It should be borne in mind that these 
results do not indicate the value at which it is desirable 
to operate the system but rather that they represent 


» r * 
r. ■ 
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ing the particular one, it will be necessary to consider 1 
only this one condition. > 

The problem involving two intermediate condensers i 
with synchronous machines at each end of the line has 1 
been chosen for discussion because of its important 
bearing on long distance power transmission. The < 
condensers were assumed to have zero impedance and 
the resistance and charging current were neglected. 
Theoretical analysis of this case indicated that the c 
condition was the limiting one. It further showed that 
the stability limit occurred when the angle between 
any two adjacent machine voltages became equal to 
tt/ 2. This conclusion is independent of the inertia of 
the machines, of the magnitudeof machine voltages, and 
of the location of the condensers. 

Three-Machine Problem 
The problem involving three synchronous machines 
is a special case of the four-machine problem. A 
detailed treatment of this problem is given in the un¬ 
abridged paper. An impor tant application of the three- 
machine problem is for the case of one intermediate 
condenser station, the discussion of which follows in 
the next section. 

Stability Limits with Intermediate Condenser 
Stations 

An important application of the theory and methods 
developed is f8r the determination of the stability 
limits of transmission systems with synchronous con¬ 
denser stations located at intermediate points along the 
transmission line. This is of particular interest at this 
time because of its bearing on long distance power 
transmission. The problems involving one and two 
intermediate synchronous condensers are special cases 
of the three- and four-machine problems in which power 
input and output of the intermediate machines, except 
for losses, are made equal to zero. 

Three general questions arise as to the intermediate 
condenser station under static conditions, namely, 
location, voltages to be maintained, and condenser 
characteristics. 

Location of one intermediate condenser for a sym¬ 
metrical system is clearly at the midpoint of the series 
impedance of the system regardless of the characteristics 
of the condenser station itself. With two intermediate 
condensers the answer is less simple. With zero im¬ 
pedance on a symmetrical system the condensers should 
be located so as to divide the system into three equal 
sections. With finite condenser impedance the middle 
section should be of relatively less impedance than the 
end sections. With finite impedance condensers the 
variations from the best theoretical location will have 
relatively little effect on the stability limit, consequently 
power system layout need not be handicapp.ed by a 
requirement to obtain the theoretically best location 

of condensers at intermediate points. 

In regard to the voltages to be maintained there is, 
undoubtedly, an advantage in maintaining them at as 


high values as permissible without reduction of voltages 
at other points. Practically, this means that the'yp'll-? / 
age at condenser stations should be maintained on the 
high voltage line at the highest permissible value. 

With respect to the characteristics of. a condenser this 
subject can best be discussed by showing the results of 
calculations. The first case considered is that of one 
intermediate condenser located between the sending and 
receiving ends of 220-kv. transmission systems of 
various lengths. The sum of generatftr and trans¬ 
former reactances was assumed in every case to be 
12.5 per cent on 100,000 kv-a., and their resistances were , 
neglected. The voltage was assumed to be maintained 
at 220 lev, on the high-voltage side of the transformers at 
the generating, receiving, and intermediate condenser 
stations*. The best simple approximation of most of 
the receiving systems met in practise is the assumption 
of infinite capacity of the receiving end; that is, zero 
machine impedance and infinite inertia. It was shown 
ih the discussion of the three-machine problem that 
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p IGi 22 —Stability LImit of 220-Kv. Lines of 'Various 
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20-ft. equivalent spacing, generator and transformer reactance, 12.6 per 
cent based on 100,000 kv-a. infinite bus and inertia at receiver 
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when the inertia of one machine was infinite,‘static 
stability limits were independent of the inertia of the 
other two machines. In Fig. 22 are shown the results 
of calculations of the stability limits of transmission 
lines of various lengths plotted as a function of the 
reactance of the condenser and its transformer. In 
addition, the condenser capacity required at the- 
stability limit is shown by the dotted lines. In estimat¬ 
ing the stability limits of particular systems it will be 
found convenient to make use of the curves showing 
condenser capacity required at the stability limit in 
order to convert the impedance base from 100,000 
kv-a. to the base corresponding to the capacity con-L 
sidered. At the right of Fig. 22 the-following d^tg: 
are plotted: • • • ’ 

1. The stability limit of systems with condense^.' 
having the extremely high impedance of 10',000 per chnt.i 
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This corresponds to the condition of an essentially 
constant current condenser. 

2. The stability limit of systems with variable 
capacity static condensers located at the same points as 
synchionous condensers. In this case the condenser 

• capacity was made variable to maintain the trans¬ 
mission voltage constant at 220 kv. 

3. The static stability limit of the line alone, that is, 
wi thout any apparatus at the intermediate points. 

Similar calculations were made for the 350-mile line 
with two intermediate condenser stations instead of 
one with the results shown in Pig. 25. 
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Summary 

. ^ he pn ‘ lcipal featu res of this paper may be summar¬ 
ized as follows: 

For static stability calculations, power systems 
may. be represented by a network with constant 
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y will, in general, be a maximum for a smaller angle than 
the maximum stable angle. While the investigations 
s have sho.wn that synchronism can be maintained in 
s regions heretofore considered inherently unstable, 
r operation in such regions is held to be inadvisable. 

Theie are a number of generalizations which may be 
made as to the limiting stable condition. 

, For the two-machine problem the limiting angle is 
(a) tt/2 when the inertias are equal, and (b) is greater 
1 or less than w-/2 when the inertia of the receiving 
apparatus is greater or less than the inertia of the sup¬ 
ply apparatus, respectively, and .(c) is equal to tt/2 and 
independent of inertia when resistance is negligible. 

The limiting stable angle with one or two inter¬ 
mediate condensers of zero impedance and system 
resistance negligible is tt/2 between adjacent sources of 
e. m. r. With finite-impedance condensers on a sym¬ 
metrical system with resistance negligible the limiting 
angle is independent of the inertia of any of the 
machines. ' 

The results of calculations of the stability of practical 
hJJ, ,sfflon Iin f indicate that large increases in static t 
n ,i a ® obtainable with intermediate condensers. 

reht vIH -7 the tlleoreticaIly bust location tan 
relatively little influence on the stability limit. The 

Sb> , bi ' ity due t0 “ con! s 

taprtance h!7' S ° large r. w ‘ th ,0 "’ ™l»« of machine ? 
impedance but even a high-impedanCe condenser of 

he synduonous type will show marked « 

over etetm condensers winch are unsuitable for this f 


railroad yard lighting 

• cental aftta °" rai | r0ad yard “shting recently pre- 
in« ° f ® sat > s fectory system of electric light 

men and the equipment were verv ew>ni Tvr„, 

have led toithelightSSe ? ra , throu * h thirds 
of general illumination. The^iS^Sf by Syst ? ms 

fe-he snj the 

ties of yard" 7 layout^ndIdnds of ^ ^ difl : erenk varie 
cussed the lightimr n Jf dof work neec,ed and’dia- 
required to meet the v» . ngemenk an( f the intensities 
Of proper se™l" ap “M« a tio»s. The need 

emphasized toagofd losses imh!‘ ^ ail , 1,8hti ”e> was 
the effect of slowness S rente acaumulat «l <Hrt and 
All lighting systems a ! 8 ^ n,ed out 

with switching signals. 8 d t0 avc “' J confusion 






Electric Welding 

Report of the Committee on Electric Welding* 


To the Board of Directors: 

It is the object of this report to give to the members 
of the Institute an idea of the commercial importance of 
Electric Arc Welding. 

In such a report as this, the subject falls into two 
main divisions: Electric Arc Welding, in which the heat 
for doing the work comes from an arc drawn between the 
work and an electrode; and Resistance Welding, in 
which the heat comes from the electric resistance to the 
passage of a large alternating current across the abutting 
edges of the parts to he joined. 

Electric Arc Welding is done by the carbon arc process 
and the metallic arc process. In the carbon arc process 
direct current is used and the arc is drawn from the work 
to a carbon electrode. In the metallic arc process either 
direct or alternating current may be used, but direct 
current is generally preferred and the arc is drawn 
between the work and a metallic rod, which melts 
into the work. 

The carbon arc process was first used, on a commercial 
scale, fifteen or twenty years ago for the repair of steel 
castings. It has come to be accepted as the standard 
method of repair for minor defects in such castings. 
Practically all the steel foundries use this process and 
most of the 600*,000 tons of steel castings made in this 
country each year have minor defects repaired by the 
carbon, arc welding process. 

Locomotive Boiler Repairs 
The metallic arc first came into commercial impor¬ 
tance in 1914 in the repair of marine engine parts on 
some interned German ships. Since that time, this 
process, has been used by the railroads to an increasing 
extent for the repair of machinery of all sorts. 

At the present time, it is safe to say that the locomo¬ 
tive which drew the train that brought you to ‘this 
Convention had all the flues welded in the works that 
built the locomotive in the first place, and that the 
boiler has had some repairs by the metallic welding 
process made on it in the repair shops of the road 
owning the engine. The fact that locomotive bouei 
repairs are so frequently made is very striking evidence 
of just what the process can do, for electric welds will 
stand up in a boiler of a locomotive carrying 200 to 250 
lb. of steam and traveling over the rails at 60 mi. or 
more per hour. Electric welding is used for the repair 
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of many parts of the locomotive beside the boiler. It 
is used for building up worn treads on driving wheels, 
worn guide bars, repairing broken frames, and for the • 
repair of many other parts of the locomotive. 

Mr. Wanamaker, one of the members of your Electric 
Welding Committee and Director of Welding for the 
Rock Island Systems has stated that thepse of welding 
has enabled them to make repairs so much more 
promptly that they are able to get the same service 
with 20 locomotives less than would have been neces- * 
sary with the old methods of repair. 

To put it another way, welding has enabled the "Rock 
Island System to reduce the investment in locomotives 
by over $1,000,000 without decreasing the number 
of engines available for service. This is in addition to 
the savings effected by the use of welding over the • 
older methods of making the same repairs. 

I quote from a letter from Mr. Wanamaker; 

“The latest estimate states that the railroads of 
this country now have invested approximately 
$4,000,000 in arc welding equipment, covering 
some 3500 welding equipments which are saving 
the railroads approximately $1,000,000 per month, 
or $12,000,000 per year. It is possible that the 
indirect savings’ will be greatly in excess of this 
figure. However, it is not the policy of railroads 
to assign a value to the indirect savings. 

“The use of electric arc welders for battered 
rail ends and special worlj: vail is just now be¬ 
ginning to take strong root, I, personally, feel 
that the intelligent use of the electrie arc welder 
has paid probably the greatest net return ever 
secured from any investment made in railway 
equipment, and I am somewhat at a loss as to why * 
its use has not been more strongly furthered and 
fostered by the A. I. E. E.” 

Mr. Churchward, another member of your Com¬ 
mittee, has'a number of photographs showing the 
repair of an 8000-lb. bronze propeller by the addition 
of about 1000 lb. of bronze at a great saving in cost; he 
also has some photographs of the building up o£ the 
copper collector rings of a 1000-lew. rotary. 

As important in repair and replacement work as is 
the use of electric welding, recent experience shows thaj* 
its greatest field is as a new method of manufacture of 
new products. 

It is clear that if a welded joint in steel'can be 
made equal in strength to the plates to be joined, 
great economies in production can he obtained. 

Following will be found a number of examples of 
construction on a large scale, in which welding has 
replaced riveting and the older methods of joining 
steel plates. ’ 
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Shipbuilding 

So far as we know, the first all-welded vessel was 
built in Ashtabula, Ohio, about 1914, for use on the 
Lakes. This was a boat 40 or 50 ft. long, used as a 
fishing boat. It has been in satisfactory service ever 
since it was built. On one occasion, a year or so after 
it was built, the plates near the waterline were bent by 
smashing through ice on the Lake, but no joint opened 
un. 




Owens*one of the members of your Committee 
on Arc Welding says: 

t * A welding research and development program 
. which was started by the Navy Department at its 
Norfolk Yard in 1918, under the direction of Mr 
James W. Owens, until in 1926, he became affili¬ 
ated with the Newport News Shipbuilding and 
Dry Dock Company, as its Director of Welding 
has resulted in securing the confidence of the Navy 
in welding, with the result that it is now being 
used extensively in new construction and repair 
of naval ships. Its battle towing targets, which are 
4 d- ton structures and of & in., y 2 - in . and 1-in. 
plate material, are now completely metal arc 
welded, 15 such targets being constructed to date 
The shell deck and two water-tight bulk-heads 
< pontoon for a 100-ton derrick have been 

. y , d y- 11 is bcin e extensively led 

in theeonstructton of the light cruisers recently 

Of »l, b f fw end an estimated s”ng 
Of $250,000 IS being secured by its use in the 
modernization of its capital ships. 

> -- - C -Sj Mt ,,? ua !' d , «Mn which 

was recently launched at this yard has 

welded* very metal arc 

S 

: i ' 

fresh and salt water hnt 01 ’ gas ’ and 

yard, togetherwith^u bemg built at 

being welded, and steps have bee^ike?? 18 ’ ^ 

* plete v wpJh nil e oeen taken to com- 

During 1926 a W,teM ducta - 
^nd it is becoming £££*?*. tanks was built 

* beams directly to bulkhead Pia !| tlse to WelcJ deck 
«se of plate collars ?£! ™ th T without the 

* condenser shells for mernuT c , 0InpleteI y welded 

| : 
f 

made by the arc we ft r °' hidings h a y e 
three-story garage buildine bnw <P, ° ?ess ' 1926 a 
about 75 by 150 ft w g ’ a ground area of 

SeavetvMorgan Company of ^ ected fc he Wellman- 
!= Although tbi^ was the firet bffi£ andin Cant °ffi Ohio. 

Ill * t hmlding arc welded by this 




firm, no difficulty was experienced in the erection, and 
they report a saving of 25 per cent in cost of erection, as 
compared with the cost of the same building riveted. 

The largest building erected by arc welding to date 
has been that erected by the Westinghouse Electric & 
Manufacturing Company of Sharon, Pa. Mr. A. M. 
Candy, a member of your Welding Committee, was in 
general charge of the work and has written a very com* 
plete and valuable paper describing the work. 

The building at the Sharon, Pa., Works of the ; 
Westinghouse Electric & Manufacturing Company is : 

70 by 220 ft., by 80 ft. high and required 790 tons of 
metal. 

The following are some extracts from his paper: 

That arc welded joints can be constructed in 
such manner as to develop fully the ultimate 
tbe stmct ural members connected. 

That a steel I-beam of given section and length 
will sustain a far greater load if fixed at its ends by 
a suitably designed arc welded joint than if sup¬ 
ported by standard riveted connections consisting ^ 

Ibenm f? nd angIes ’ A 9 ->m standard 1 

I-beam framed between rigid upright columns 8 ft. II 

apart by means of specially designed welded con- H 

a beam of H Stamed a . l0ad 26 per cent neater than 
£l i he Same SIZe and Iength framefl between II 

of “<• J 

S i2j , T„Sr , TT' b J ed by non- | 

sisting of nothing but sheared plates has a far 1 

5rd a er of S !r gth ^ Hveted p,ate and angle, J 

due to the '»««' disti-i- t 

weight uepui ancl the same 

brought out two general facts: G ’ nnt 

can 1 «“nL° f 'i™ ^ 

it is well known that thiscannof k f^ whereas 

construction 0t be clone ia riveted 

2. That in a welded buildina’if will , * 

to make every joint develop full ^trei^h 6 " 

mam members, whereas in a riveted-buildmDv° f th<3 

joints are weaker than the members 
weakening effects of the rivet hokS wu t0 the 

of steel angles whX have t o t th<! W ^ k ' ' 
ti'ansm l tti n g tension between |t io m be „f ssdfor 
right angles tp each other members at 

bo“^ w irr„s r at t,r iu! d ^ ^ 

^lative depUi, ^ ° f 
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“An Olsen testing machine, capable of applying 
40,000 lb., was used.” 

In 1924 near Toronto, Canada, a highway bridge 
nearly 700 ft. long was erected by arc welding. 

The American Welding Society has an active com¬ 
mittee on Structural Steel Welding, the chairman of 
which is Mr. James H. Edwards, of the American 
Bridge Company. This committee is collecting data 
and making extensive tests to provide structural 
engineers with the fundamental information necessary 
to properly design an arc welded structure. The work 
of this committee is to provide the structural engineers 
with the information as to how long a weld and how 
thick a weld to use to give a strength of joint equal to 
the strength of the members being joined. 

Pipe Lines 

The carbon arc has been used for the manufacture of 
almost 90 mi. of pipe nearly six feet in diameter, for 
supplying water to Oakland, California, and the other 
Bay Cities in the vicinity. 

Following are some quotations from a paper read by 
J. F. Lincoln, March 17th, 1927: 

"As an illustration, The Mokelumne River pipe 
line which was made arc welded, is 90 mi. long and 
contains 78,000 tons of steel. If this same pipe 
line with the same strength of joint and the same 
ability to carry water had been made riveted, it 
would have* required 128,000 tons of steel to accom¬ 
plish the purpose, and the cost would be at least 
$3,000,000 more. 

"The best illustration of the economic advan¬ 
tages of the above ideas are shown in the Moke¬ 
lumne River Pipe Line, which brings the water 
supply a distance of 90 mi, to the East Bay Munici¬ 
pal Utility District in California. This line runs 
from the Mokelumne River to Oakland ^nd supplies 
the water for all of the Bay Cities, with the excep¬ 
tion of San Francisco. This job required, for the 
manufacture of the pipe, 78,000 tons of steel, 
the thickness of this steel being % in., % in., 
y 2 in., %in. and % in., depending upon the 
part of the line in which the pipe was to be placed. 
It was manufactured in two lines—the first running 
from the San Juaquin River to Oakland and the 
second, from the Mokelumne River to the San 
Juaquin River. 

"The first section of this, .running from the 
San Juaquin River to Oakland, is at the present 
time completed and has been under pressure now 
for a considerable period. Because of the newness 
of arc welding, the engineers determined not to 
proceed with the second section of this pipe line 
until after the first section had been completed. 
They have, within the last sixty days,, let the 
contracts for the second section, *the specifications 

' remaining identical in every particular with those 
of the first, thus showing the complete success of 
*■ this method of construction. 


■ "It is also interesting to note that, in spite of the 
fact that no such work as this had ever before been 
attempted, insofar as thickness of plate, diameter ; 
of pipe, etc., were concerned, the first 40 mi. were * 
completed more than one month ahead of time, 
and this in the face of the fact that the building 
for the manufacture of this pipe had to be con¬ 
structed, machines designed and built, and the 
whole plant put into operation, 

“The second section of this line, $vhich is to be 
done in the same time as the first, will undoubtedly 
beat its schedule by many months. , 

"The description of this line and of the problems 
involved, as concerns welding, can probably best 
be explained from the specifications which* were 
drawn for it and under which the pipe was manu¬ 
factured. The specifications covering the welding 
machines provided that the welding shall be done 
with an automatic electrie welding machine, » 
designed specifically for the work covered by those 
specifications. This machine comprised among 
other necessary parts, a traveling carriage for 
carrying the carbon electrode, arranged to fnove, 
at a controlled rate, along a tract located inside 
of the pipe above the bottom seam, and water- 
cooled mandrels located on the outside and inside 
of the pipe and extending along this seam through¬ 
out its length. 

"Next, the method of testing was specified as 
follows: 

“Hydrostatic. Test of Pipe Specimens. After 
each section of the pipe has been welded, it shall be 
subjected to a hydrostatic’ test under internal 
pressure sufficient to develop a tensile stress of 
20,250 lb. per sq. in. of plate, and while under this 
stress, shall be hammered vigorously on both sides 
of the weld with a 10-lb. hammer not more th^n „ 
once in every foot of pipe section. The pressure 
shall then be increased sufficiently to produce a 
tensile stress of 23,000 lb. per sq. in. of plgte and 
so held until the efficiency of the seams can be 
determined by inspection. In the event of failure 
of the pipe section under this test, the contractor 
shall have the right to re-weld the pipe if prac¬ 
ticable and re-submit it for test. 

‘'Rejection. Any section of pipe that does not 
conform to these specifications may be rejected. ^ 

“It is claimed, in connection with this, that it is 
probably the most severe test that was ever put . 
on any pipe made by any process, and if is only J 
necessary to say that possibly no other method 5 
of manufacturing large pipe now known could pass 
the specifications for test as. outlined in these 
specifications. As a matter of fact, there are a 
number of cases where the test pressures were 
carried up so high and so far beyond the statement 
in the specifications, that a permanent set was 
actually put in the steel of the pipe. * In one case 
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that came to the author’s attention the diameter 
was increased by more than three inches because 
the pressure that was used in testing went con¬ 
siderably beyond the elastic limit of the steel.” 


Use of Welding to Replace Castings 

Due to the fact that rolled steel has three or four 
times the tensile strength of cast iron, and at the same 
time costs from one-third to one-fourth as much per 
pound, it is possible to make many structures from 
rolled steel shapes by arc welding to replace cast iron 
at gt very great saving in cost. 

For instance, a certain cast iron bed plate weighed 
561) lb., and at 5.6 cents per lb., cost $30.80. The 
cost cJf machining this was 90 cents, making a total 
cost of $31.70. 

The corresponding base of angle iron welded up 
(with bosses welded in) weighed 233 lb., cost $6.38 
• for material and $1.07 for cutting off, welding, and 
drilling, or a total of $7.45. In addition, the welded 
base will stand any abuse that can be given to it, while 
cast iron bases break if not carefully handled 

One of the first welded products we happened to 
know about was a compensator can. This can was 
formerly made of cast iron, very heavy, very expensive, 
and liable to leaks which made it necessary to reject 
part of those the foundry delivered. The arc welded 
ran, for the same purpose, looked better; weighed less 
than 20 per cent of the old cast iron can, and cost less 
than 10 per cent. 

The General Electric and Westinghouse Companies 

-T? arc ' v !l d, . ng>t0 an increasin g extent in the 
manufacture of their product, though the process can 

b the fu n turo° Ubt W!1 be US6d t0 3 mUch greater exten ‘ 

A paper by Mr. Warner, in the March issue nf *i 10 

^mTof th eld ' ng L ?° Ciety J0mml ‘ gives an account 

CoZn bemgdone lj y th e General Electric 

Uompany at the present time. 

iJted Whkh your Chairman is con¬ 
nected has brought out a book ‘‘Arc-Weld,no m 

“SS-SKSe- 

Th ’ <■ Resistance Welding 

by , EHhU Thon W ^ 

time is used for the product and at the 

of tubing every month p \° f f me millions 

Si r 1 in W-SCSi ia tte “lu". 0 ' the 

» aiade by this process h cmstrnch ™ of 

4m fS.* 11 kn °™. o million dollars j, , „ 

«'”«-abou t »ot P mobiIe. produ S c S, ™a s S 


process is used to a greater or less extent in the eon- 
struction of all cars, we can be sure that the cost of the j§ 
car you drive would be noticeably greater if it were not 
for the saving in cost of construction made possible by 
this process. The all-steel automobile body is coming 
into use and thousands of these bodies are made every 
year in which the seams are welded by this process. 

The following is quoted from a letter from Mr. IT. W. 
Tobey, one of the members of your Committee and in 
charge of work of this kind at the Pittsfield Works of the 
General Electric Company: 

"Our large spot welders are used in regular pro¬ 
duction for thicknesses of steel ranging from two 
pieces of ]4 in., two pieces of % in., up to two 
pieces of l /i in., making a maximum total thickness 
of 1 in. This method has replaced to a very large 
degree the former practise of riveting. 

"Spot welding is also used throughout the plant 
for a variety of purposes where it is desired to join 
various parts of equipment together in a strong 
and effective manner at a reasonable cost. 

"Resistance line welding has been found to bo of 
especial value wherever it can be applied in mass 
production to structures composed of sheet material 
of suitable shape and in thicknesses up to and in- 
chiding two pieces of y& in. stock. - |i 

All factors entering into the several types of S 
resistance welding, including butt welding, spot A 
weldmg and line welding, are under perfect control 'M 
so that after correct settings have been ob tained for A 
current, pressure, speed, etc., the results can be-#®* 
duplicated with unerring regularity as long as the 
ciaracteristics of metal remain the same. The, ■' 

tnv! en !i ’! brough 1 t . to Precisely the right tempera- ' * /: n 
tm e and strong, reliable welds uniform in character #. 
and appearance are assumed. The fact that no v 
hood or eye protection, through the use of colored % 
glass is required, is also a distinct advantage.” §11 

J. G. Lincoln, Chairman. iliP 
Discussion 

LiUC0lU if thocommittoo 
between alternating current and directum™ " dMftt,vonta «M 
a field"i n r wWcli d i"'animrs n fclf fl .t** 0 ”* haS 001110 to ™y'»H®aHon 

other methods bette/^ finding $ 

m the report, savs with f .„ , .. T Ml ' Wunarnakor 

rwl is just now beginning to take strong i-t ‘ worlt 
also that the street railways are using «i ,, 1 ^aratanjljjjfl^ 
up crossings and other spSwJ VT** U \ 

& st: r ***** 

wth only a slight modification for wSdW i COnn .f 1lln S 
eud to end, arc held together by two 'fl P , ',’°. mi!a abuttin «- 
plates are clamped on the sides of U>r. atcs . Tiio two 

around the edges. This method hn +1 mi 8 ^ l0n 
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the stresses are localized there. I believe some companies have 
abandoned arc welding of rails because they get such breakage. 

Is there available any electrical welding method which will 
avoid this difficulty? ■ 

F. W. Funk* Mention has been made in the report of 
several buildings that have been electrically welded. We have 
in Youngstown a welding company which erected a steel-frame 
building which was entirely welded; that is, there were no holes 
punched or drilled—no bolts used in temporary construction. 

It was a 100 per cent welded building. I think that is quite 
an advance because if we have to punch structural shapes, it 
offsets the saving. 

Electric welding is coming into use for very heavy plate work 
and tank work. One concern which manufactures very large 
oil tanks for use in the oil fields is going into the electrical 
welding of heavy plate tanks. It is probable that the process 
will be an automatic welding process. 

Another company is producing thousands of tons of complicated 
rolled shapes each year which are either seam- or lamp-welded, 
used principally, I think, in floor beams and roof members. 

I mention this concern particularly because it lias done a great 
deal in the development of automatic welding machines. 

I think Mr. Lincoln is entirely correct in saying that in new 
construction lies the greatest field for electric welding. 

J, J, Shoemakeri I should like to ask Mr, Lincoln if this 
method of welding is approved by the insurance companies for 
boiler repairs? 

,7. V, B. Ducri I tliiuk some of these questions that have 
boon discussed are important. The question of workmanship 
enters into electric welding more than most of us realize. I 
think if we could lie assured that the workmanship on an electric 
weld was perfect* it would bo a more generally accepted practise 
than it is at the present time. 

I am also much interested in the question of the relative 
values of a-c. versus d-c. welding. I made a rather superficial 
investigation of the subject a few years ago and came to the 
general conclusion at that time that the principal objection to 
a-c. welding was that it involved a low power factor on the 
circuits to which ddie welders were connected. That was espe¬ 
cially true of GO cyolos rattier than 25 cycles. In a place where 
the welding load amounted to a largo proportion of the total, 
such as it might in a roundhouse on a railroad or some place of 
that kind, the use of an a-e. welder might be objectionable 
whereas if a d-c. weldor were used the high power factor due to 
the use of the welding might be obtained and some correction 
made for low power factor on the other circuits. 

J. C. Lincoln i I may be prejudiced in favor of the direct 
current. It happens that the concern with which I am con¬ 
nected, manufactures d-c. apparatus. That fact has to be 
taken into consideration in weighing my reply. I believe myself 
that experience will show that it is easier to make, a good weld 
with a good d-e, machine than it is with an a-c. machine. We 
feel this way about it; that the art would be advanced more 
rapidly by doing only good work. Therefore, only the best 
apparatus should be used. I believe, on the average, for me¬ 
tallic arc welding better work can be done with the direct cur¬ 
rent than with alternating current 

I think it is true that in some cases railroads which have 
fnvmnrlv used thh electric-arc method for joining their rails are 


In the electric welding of rails, in some cases at the bottom 
of the crater when the wold is finished tfyero are hair cracks 
due to the contraction of the hot metal. Now, it is a fact, 
of course, that hot metal occupies a larger volume than the 
same metal when cold. Metal, when, melted, occupies 107 per 
cent of the volume it does when cold. When the metal cools, 
one of two things happens—either the metal must stretch 
according to the amount of decrease in volume or hair cracks 
appear. If tlio metal is brittle enough, hair cracks appear. 

If the metal is of the proper quality, it will stretch and take up ■ 
this decrease in volume. , 

It is my belief that most of the difficulty ift the welding of 
rails has been due to the fact that the methods in use at the 
present time produce welds which are brittle so that these lyiir 
cracks appear. • 

Now, a hair crack at the end of the rail will start an incipient 
break. Take, for instance, a piece of glass. You know Jhat if 
you start a crack in a piece of glass, the wind strains will finally 
work that crack further and further through the glass. If you 
will drill a hole at the end of the crack, yon won't find any further 
trouble.. Tlio incipient crack doesn’t progress. Something' 
of the same nature occurs in tlie electric welding where the hair 
cracks appear. The remedy for that condition is to improve 
the quality of metal in the weld. 

It is a fact that in welding of rails, processes are in use at the 
present time where these hair cracks are easily eliminated. If 
the work is properly done, satisfactory results are obtained. 

If it is not (lone properly, trouble results. - 

I believe experience will show that although, as pointed out, 
you have a weak spot at the welded point in the rail, when tlie 
welding is properly done, the weakness is not so great as to 
develop trouble. 

The American Society of Mechanical Engineers lias prepared 
a Boiler Code and this Boiler Code does not permit the use of 
electric welding to so great an extent as we who are interested 
in pushing electric welding would like. Electric welding is per- 
mitted on some types of pressure vessels but at the present time 
electric welding is not used on pressure vessels used in boilers. 

The American Welding Society has a committee -making 
extensive preparations to test a large number of pressure vessels 
at the Bureau of Standards to get complete information so that 
the Boiler Code Committee can feel justified in giving more 
liberal allowances for electric welding. 

At the present time steam boilers are not allowed to be weldpd * 
by the electric welding process. The queer part of it is that the 
railroads have been repairing locomotive boilers for years and r 
these boiler repairs made on locomotives are on pressures of 
200 to 250 lb. Years of experience in locomotive boilers have 
shown that method must be used. ‘ If you please, from a com¬ 
mercial standpoint, the railroads can’t get along without it. 

While there has been some trouble from improperly made 
welds on electric locomotives, the process is in use quite generally 
and I don’t think there is any doubt that it will he usad*moro 
generally in the future. But to answer the question specifically 
at the present time, pressure vessels—fired pressure vessels are 
not allowed to be electrically welded. a 

A compilation of earnings in the public utility field 
has not hitherto existed in any comprehensive sta,te- 


formerly used thh eleotric-arc method for joining tneir rails are has not hitherto existed m any v- 

using other methods at the present time. I have been very ment 0 f monthly earnings similar to the figures collected 
much interested in that particular part of the electric-welding the j ntergtate Commerce Commission for railroads, 
art for a good many years. Notwithstanding the fact that and ^ companies . I n the future, gross 

.0 that they * and ndt earnings of public ntUities in the United Stoto 

tendon, but more largely to the fact that the welding methods ^ ^ g eptember 1927, and will be available in 

themselves haven’t been as good as we hope they will he some {(jrm from fo e Department of Commerce. 

time/ * t # '<■ • 


♦ 







Abridgment of 


Combined Light and Power Systems 

For A-C. Secondary Networks 



BY H. RICHTER* 

Associate, A. I. E. E, 




Synopsis • The increase of a-c., low-voltage network systems 
employing automatic seclionalizing equipment has been very 
rapid. - This mote has been attended by a diversity of choice of 
combined light and power schemes for the secondary mains, 

Carrying this condition to its logical conclusion may result in an 
extremely complicated situation for apparatus connected to these 
mains. There might thus be imposed on the industry as a whole a 
heavy expense lending to cancel a part of the savmgs attributed to the 
advent of the combined system. 

A study of the effects on seven types of equipment concerned showed 
that general purpose motors are hardly more important than most of 
the other devices. This analysis included not only the applicability 


G LOSE contact with the discussion and use of the 
various combined light and power connection 
schemes that are rapidly being adopted as part of 
a-c. network systems brings the realization that: 

a. The gross savings attributed to the combined 
scheme may be reduced by the expense incurred in the 
production of suitable utilization equipment. 

6. This expense might range from a minimum of 
75 million dollars to a maximum of 150 million dollars 
even under the favorable condition of a single combined 
scheme adopted universally, and 
c. The latter sum may be exceeded if the three 
principal combinations are continued without the 
advantage of standardization on one system. 

This gives good cause to wonder whether this may not 
be the proper time to investigate which method of 
supplying both power and light from the same secondary 
1 mains will give the. greatest benefit with the least 
expense to the industry as a whole. 

Beginning about four years ago with a single network 
installation in New York City, the spread of automatic 
netwQrk systems using the combined secondary scheme 
has been such that 11 cities will have in operation by 
the end of this year (1926) networks embodying 
combined secondary schemes of one design or another. 
Furthermore, early next year, this number will be 
increased by three,* and the possibilities of these net 
Rories are now being investigated in at least 16 other 
cities. The number of cities now interested in this 
question thus totals 30. 

Where two networks are employed, one for light and 
thq other for power, the distribution system may be 
come very expensive and occupy too much space 
(ducts or pin positions). The combined secondary 

♦General Engineer, Westingliouse E, & M. Company. East 
Pittsburgh, Pa. A ^ ;•' . 

Presented at the Winter Convention of the A, 1,E, New York, 

N * Y., February 7-11 1 1987* Complete copies upon request. 


of existing apparatus standards to each of the combined systems hut 
also the probable developments that the future may bring , For a 
comprehensive comparison of the various schemes it was found 
necessary to consider the commercial as well as the engineenng 
aspects. 

If the operating companies decide to employ the combined light and 
power system universally for secondary networks , it is urged that 
they will soon apply the practise of standardization to the com- 
binations of connection and voltage. In this regard , due con¬ 
sideration should be given to the bearing of numerous trends in the 
industry. Widespread discussion of the situation is now desirable . 
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system, it is claimed, furnishes an economic solution for 
extending the a-c, network system into areas where 
lack of space would make very difficult the installa¬ 
tion of two separate networks. And—just as in the 
d-c. three-wire system—the combined method permits 
the immediate servicing of any customer for either 
power or light, or both, from the same set of low 
voltage mains. 

In attempting to avail themselves of the advantages 
of this system, the operating companies have considered 
many different combinations of connections and 
voltages, each scheme admirably suited to the local 
conditions surrounding its development. Un 
fortunately, the three-phase schemes differ in the re 


suiting voltages available for light and power, and the 
existence of the two-phase combined system furthei 
increases tffe number of possibilities. 


There are indications that adoption of these various 
schemes on an extended scale may have considerable 
effect upon the operation of electrical devices now con 


nected to secondary systems, and result in a more or less 


complete re-adaptation of many, if not all, of the devices 
for future applications. To gage the probable conse 
quences of having several different schemes adopted 
for numerous large distribution systems is impossible 
without a carefuly study requiring the earnest c 
operation of all operating companies. J 

This paper is offered to show the result of an approxi 
mate analysis of what might be the effect on various 


types of apparatus were networks incorporating any 
one of the principal combined light and power systems 
adopted extensively. The analysis included considers 
tion of such major lines as: Lamps—motors and con 
trol equipment appliances—distribution apparatus 


Present Status of Application of Combined 
Light and Power Secondary Systems 


To better understand the nature of these combined 
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systems and their extensive application, an outline 
of their present status may be of value. 

Spread of Combined Secondary Systems. During 
the past 11 years, a city in Tennessee has had a 
comparatively large three-phase underground net¬ 
work, supplied by numerous feeders and employing 
115/199 volts at the utilization devices. Motors up to 
50 h. p. are connected to the combined light and power 
mains even at points between transformer banks. 
The majority of the motors are the standard 220 -volt 
type; only rarely is a 200 -volt motor encountered; and 
the very few complaints of low voltage due to the use of 
199 voits have been remedied in a simple and inexpen¬ 
sive [manner by means of small boosting auto¬ 
transformers. 

About one year ago a city in Louisiana started up 
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r e application, ah outline ful in bperatibn, and more economical and reliable, 

>eof value. than any previous a-c. system. . -fi 

midary Systems. During Some Combined Schemes. The combinations of '•; / 

n Tennessee has had a connection and voltage for combined secondary sys- 
•phase underground net- terns that have been given the most study are indicated 
.is feeders and employing in Fig. 1,— A, B, C, D and F applying to three-phase 
ion devices. Motors up to and E to two-phase. The schemes of Figs. Ie and j 
i combined light and power If are receiving the most attention at the present time, 
tween transformer banks. Of the network systems now under construction, 
i are the standard 220 -volt eleven will use Fig. IF arrangement, two Fig. Ie, one 
olt motor encountered; and Fig. Id, and one Fig. lc as a preliminary to Fig. If. 
dw voltage due to the use of For the majority of the fifteen networks planned and ^ 
ed in a simple and inexpen- under consideration, Fig. If scheme is favored for the 
of small boosting auto- underground. For overhead network systems Fig. lc _ 

is planned in one case. In the three-phase distribution 
ty in Louisiana started up systems to which Fig. If applies, 125/216 volts is being 

considered in only one place; for the remainder, about 
; " ~ I half prefer 115/199 volts at the utilization device and 

1 1 half 120/208 volts. • * 

K v - m, | j ,j . A. Three-phase Networks. There are indications 

Tiv 4 S 1 that a move will be made, as the number of systems 

-——*- 1 —r!-using the two principal combined secondary arrange- 

— J ,— |j j[ ments increases, to change the design of apparatus used 

' 1,1 '■ B on these systems to suit each combination. 

Thus, 115/199-volt star systems are likely to require 
changes eventually in the design of polyphase and 
| | | 3 j, v | I - t I other apparatus connected between phase-wires. It is 

J, m nsv. ] JL estimated that this would affect up to about one-fifth 

:±r- i/ l .^ 7 ?h of all phase-to-phase apparatus, the remainder being 
~ ia]v- nfvH i — . \ | used outside of the network areas and on isolated plant 

I' f'in systems. . 

Ili III 1 D The 120/208-volt star system will probably require 

changes in design for both apparatus connected between 
t phase-wires and that connected from phase-wire to 

I I Tj neutral. An effort to estimate what part of all the 

i9i v “| V j ^ JL phase-to-neutral equipment would be thus affected 

" iJv nlJ |i * 1 / V^l might place it at about half. . 

- I I 1! li B. Two-phase Networks. For the few two-phase 

J | !| }jn ' systems, production and stocking of two-phase appara- 

ii III !i v tus will no doubt continue, tending to keep up the 
KEY prices of all polyphase equipment. Furthermore, 

ghting service ' the companies operating two-phase systems may have 

« er Smi “ _ p ■ = somewhat higher annual charges (2 to 3 per cent) than ♦ 

with the three-phase system. 

ower network system with C. Radial Secondary Systems. It is probably that 
199 volts. Many expected radial three-phase 110/220- and 115/230,volt distnbu- . 
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-Schemes foe Combined Light and Power 


a combined light and power network system with 
nominal voltage of 115/199 volts. Many expected 


nominal voltage or no/iys vons. miu.y - ”7 r ~ , ... iio „ • lp ^ feer » and 

troubles! proved imaginary and it was easy to dispose of ^^em^meof 


the few that did materialize. 

- The combined secondary system was first publicly 
urged for universal application in this country by Mr. 
W. C. L. Eglin, who recommended that this seheme, in 
three-phase form, be adopted as standard for all 
miscellaneous light and power distribution and sti eet 
lighting. Active spread of the multiple primary feed 
low-voltage a-c. network, using combined secondaries 


other radial systems giving 110 volts or less at the 
utilization devices, will be confined to miscellaneous 
load systems in cities, towns, villages, and farms where 
load density is light; to bulk loads fed by operating 
companies; and to isolated plant systems. These would 
thus ultimately take a little less than half of all phase-to- 
neutral apparatus and four-fifths of all phase-to-phase 
apparatus, and necessitate maintaining the present 


VroteSve^ shortly lines of equipment in addition to all neiy lines — 
after it was demonstrated by Mr. A. H. Kehoe and The requirement of supplying various standsn d lines 
Mr. W. R. ’Bullard in 1924 that this system was success- of equipment for a plurality of distnbu von gi oups wi 
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distributing costs and tWef m I? tns develo Pment and 
Furthermnl • d thei ? fore the V nces of apparatus. 

apparS InH n/r r6aS V?. the mimber of *>«■ of 
exnectpd M if tyP6 f. of dlstribution system may be 
expected to add complications in the choice of eauin 

toml h rr he ' P T r ^ and q z 

city With th?v i° f SyS - t6m m m0ving from cit y to 
to redule^pl g l ? r PnC ?' these factors would tend 
energy. Umptl0n of apparatus and electric 

b e^Ztie'dtfT 1 Time troubles could 

Until i ^ t le a ^°^ ton > as « standard for combined 

ZinbtfZb “Z' U ‘ ,y mtms ’ “ /tf “ scHme ««* 

JUS m best with existing standards. 

Qualitative Analysis for Apparatus 
onnected to Secondary System 

• be result of an investigation into the effect of the 
vauous combined schemes upon the ODeratinn nnri 

~T of r h of the &« *■ JEE r 

nected to secondary systems will be presented as fl ‘ 

UTO ™ita2* , The were 

WtJJ volts three-phase star, 120/208 volts three 

strthiv' ^ 116 ^ 230 V0lts two-phase°five-vdrej 

O/WoTol^H USe; , als ° 126 /216 volts ami 

ouS fT there “PP»s to be some 

question as to the possibility of employing them. 

Effect of Change to Combined Light and Power 
tem for Three-Phase Star Secondary Networks 

the sistem y tr ""f ° n the a ™Pfion that all of 
tw 7 may be networked would adopt the 

three-phase four-wire scheme; while all other systems 

method nUe t0 b6 SerVed by the three-phase radial 
f$f ct on Small Motors. 110/220 volts is the 

of lOpeAentpluswmtus 116 ' With allowable variation 

T1 ~ d >e 

120/208 Volts. Practically all standard 99 (\ mit 

STh to “! d ba nsed - *S“ St S 

and that no change in 

115/199 or 110/190 Volts. A separate line of motors 
would have to be brought out and the expenditure 
involved would be fairly large; it would eve^be excel 

S V cm°S V ° ltS ' f tte 8reater productio " <* «“> future 

Single-Phase Motors, 2:1 Voltage Winding- For anv 
voltage of the combined three-phase four-wire secon 
pry system this class of motor must operate ££r 
acrpss two phase wires or from phase-wire to neutral 
4s this does not give a 2:1 ratio the tendency would be 
to design the motor winding for sufficient power on the 
spues connection and with sufficient material to with 
stand the voltage to „e„^,„ n the pamt," 
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fron^ten to'fifte SUlt & m ° t0r Considerably lai ’ger and 
trom ten to fifteen per cent more expensive than the 

present standard. Double guarantees would be nec- 

oSred Tn UnUSUa ,l Care in application would be re- 

avaikbl forT 6 that SUfficient capacity be always 
available foi the connection between phase-wires. 

duce 2-1 vSS 1 ' 6 COnsi ] dered hardJ y ad visable to intro- 

nS^L 2 # 1 ' - ge Wmdmg motors f or combined three- 

phase four-wire secondary networks. 

prelent^O vnlt M °r 1S ’ Shl ? Voltage Winding: The 
208 vnlt« ° 0 f iatings could be employed for 216 or 
190 vnlt, network systems, but the risk at 199 or 

line fov ZZ u qUire th T 6 developraent of a separate 
comhinprl i i 7° tages ’ Tt Is anticipated that if the 

hiSe than f t ^ P ° Wei ' Systems where Potentials 
temS,M h 115 VO tS are actually obtained at the motor 
tei mmaJs become more numerous and are in the form of 

is obtahief[ t re w C '° Ser f condary voltage regulation 
is obtained, tiouble may be experienced due to over- 

pffi ” lg ’ n01 f’ 1,lcreased starting current, and lower 

time ToT S P °T ^ • This WOuId be P a,, ticularly 
thl L f J J , Whlch means - that m °tors for 

tlSSg. e t0 be redesi8,,ed a,most 

should m. a ^ aWy r r ‘ ain tha ‘ difflc “ lt J' w °“ Id 
ma°ktng t“ b , 6gm t0 order 12 °- volt motors, 

tTmail thP n ry , f glVe guarantees an d eventually 
to maik the nameplates at 120 volts. Building and 

pamlleTtn IT V me ° f 12 °' or 125 ' volt motors as a 
paiallel to the present 110-Volt line would require a 

airly iarge expenditui-e. In addition, there wS hi 

utilSatiTn d 6Xpense and ooafwsion on the part of the 

buy Tf l ° tU, ' erS ' tortheywonId to 

buy motois of both classes and carry large stocks at 

them factories and distributors'warehLes ‘ 

. ‘ (jener( ^ Purpose Motors. 110/220 volts is thp 

-a 

vai lation of 10 per cent plus or minus. 

curves XCGPt t , he sections on characteristic .4 

8iz es from l Performance data for all M 

sizes irom 5 to 150 h. p. m all lines. ? 

There would be practically no 
difficulty with this voltage, 

120/208 Volts: Starting Torque: Since starting torque 

vanes approximately as the square of the voltage the 

^on of 208 volta to a 220-voit motor3i™ J| 

,p7 ,7‘ f ubout 11 per cent in starting torque. 

least 50 per cent of the standard 220-volt ratings would 

xrt to - to T e at 208 v ° its pim °‘- miMs 

2“ J K Kp , a, * tare >” development and other 

rewtaZg that would re<|uire 

8 P- * or minus voitage 

legulation m secondary, networks established these 

changes Could ba avoided, provided only a small 
umber of 220-volt motors would require rewinding 
to operate satisfactorily on 208 volts. Where thif i’ 
procedure might result in too low a starttog torque ' 
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because of the reduced voltage at starting, the motors 
might be thrown directly on the line at 208 volts. 

Characteristic Curves: The characteristic curves in 
Fig. 2 were taken on a typical standai’d 220-volt three- 
phase squirrel-cage induction motor. 

115/199 Volts: Starting Torque: The starting torque 
of a 220-volt motor is reduced 18 per cent when a 
voltage of only 199 volts is impressed. The number of 
220-volt ratings that would give satisfactory torque 
at 199 volts plus or minus 10 per cent ranges from about 
50 per cent of the total to a percentage considerably 
below this. 

The decision between one line or two in this case 
might lean towards the latter on account of the large 
number of motors that would require rewinding. Due 
to the greater number of ratings involved the expendi- 


SYNCHRONOUS SPEED 





THREE-PHASE 
INDUCTION MOTOR 

100 

220 V01TS, 

1750 RAM. 

I - OPERATION AT 220 V. 
80 2-OPERATION AT 208 V. 

3.OPERATION AT 199 V. 


PULL-OUT-TORQUE , 
.FULL - LOAD-TORQUE ; 

STARTING-TORQUE . 
FULL-LOAD-JJRQUE 


.781,63 Mg. 


40 80 120 „ 
PERCENT OF RATED HORSEPOWER 


Eia. 3 —Motor Pbrformanoh Curves 

ture would be much larger than in the case of 120/208 
volts. 

Characteristic Curves: Curves 3 and 1 in Fig. 2 
indicate the differences in characteristics of a typical 
general purpose motor at 199 volts and 220 volts. 

110/190 Volts: A decrease to 190 volts from the 
present standard of 220 volts is very great. In addi- 


standard for this apparatus, with allowable variation 
of 10 per cent plus or minus. . 

A new National Electrical Code rule permits the 
use of two trip coils with a fuse in the third phase 
for motor starters on three-phase four-wire systems 
with grounded neutral such as are "employed in the 
majority of combined network systems. This may be 
used as an expedient to make unnecessary the equipping 
of existing control apparatus with additional trip coils 
when the secondary distribution systeiA is changed to 
the combined light and power type. 

It is reasonable to expect, however, that considerable m 
experience with or study of the combined secondary 
system for networks will bring about a demand for 
that form of apparatus which suits the application 
best; in this case, three-coil protection in starters for 
three-phase motors. 

This would necessitate rearranging all general purpose 
motor controller designs to provide the third trip coil,* 

• and that would entail a large item of expense. 

125/216 Volts: The present standard coils could be 
used in most cases, but where the voltage is low special 
coils would be required. 

120/208 Volts: 115/199 Volts: 110/190 Volts: Any 
of these voltages involves adding at least 33 per cent 
to the number of a-c. coils in stock and the maintaining 
of a double set of standards since the original standard 
of 220 volts will still hold for other than network 
systems. The expense of all necessary changes would 
be large, especially for 190 volts. ' 

4. Safely Smtches. 125/250 volts is standard at 
present for these switches and is the maximum rating. 

To comply with the latest safety code ruling it will 
be necessary to change the construction of the standard 
triple-pole entrance switches by adding a neutral strap, 
for such services as will be three-phase four-wire. It 
is probable that this will apply to all standard sizes. . 

Where four-pole general purpose switches have been 
employed on delta-connected circuits, there might be 
a demand for three-pole switches with solid neutral 
connection. Motor starters having thermal cutouts 
may have to be redesigned to include an additional 
thermal cutout. 

The expenditures thus incurred will be considerable. 

5. Distribution Transformers. 115/230 volts is the 
standard now. A tolerance of 5 per cent plus is allowed 
for single-rated transformers.. The majority of trans¬ 
formers are triple-rated at 110/115/120 volts, and 120 


tion, to provide for a further variation of 5 per cent 
(if this principle be accepted generally) widens the range 
to a point where difficulties might be encountered with 
the majority of existing motors, Should 10 per cent 
voltage variation be maintained as the accepted custom, 
the conditions would of course be even worse. 

If the original guarantees were required, the* adoption 
of 110/190 volts would necessitate two lines and the 
expense would be so great as to be uneconomic. 

8. Motor Control Equipment. 220/440 volts is now 


volts is the allowable upper limit. 

125/216 Volts: The salient effect is on. exciting 
current, which increases about 300 per cent when a 
115-volt transformer is stressed to give 125 volts. As 
this is decidedly beyond the allowable limit for the 
majority of distribution systems, all ratings would have 
to be redesigned. The expense of this would be 
excessive. 

120/208 Volts: Standard transformers will operate 
satisfactorily at this voltage. .-The excitihg current of a 

♦ 
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115-volt transformer, however, is still increased con¬ 
siderably when operated at 120 volts. The effort 
to reduce the exciting current on distribution systems 
may make such an increase undesirable. There is 
also the necessity of allowing for the voltage drop in 
secondary mains, services and house wiring. Thus, 

a« *1 <1 t 1« /i HnA /WAX . 



above 120 volts in connection with a few types of /sag 
equipment. , '|||| 

116/199 Volts: 116-volt elements are standard. y Wmm 
110/190 Volts: There would be no difficulty with §|jf|L 
standard apparatus on 110 volts, but it is possible that / tfjl| 
a new line of 190-volt equipment would have to be do- 






«>: .. 

' : .■ 


jHa-uiiud^ umuio, ^ auu huuoc wiimg. j.nus, ci new niie ox xyu-voit equipment would have 

the possibility that a line of 115/120/125-volt trans- veloped, with considerable expense attached, 

formers would be required is apparent. The cost 8. Summary for Three-Phase Combined Systems. -H 
of such a change in all ratings would be very large. The fact that 126 volts, the first voltage studied, has '11® 

To this expense might be added that of continuing not yet been considered a recognized departure from the '■ ^tp 

the present standard line of transfoi’iners. due to the accented stfjmHnvW inmn 
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the present standard line of transformers, due to the 
probability that conditions on the majority of radial 
-* systems migh t make the new ratings unsatisfactory. 

f 15/199 or 110/190 Volts: No changes would be 
necessary. 

<?. Miscellaneous Apparatus. This group includes 
carbon and oil circuit breakers, relays, meters, instru¬ 
ments, voltage regulators, rectifiers, rectigons, fan 
. motors, condensers, and line material. 

115 230 Volts, with tolerance of 5 per cent plus, 
is the existing standard for the majority of this 
equipment 


accepted standard lamp voltage, coupled with the 
excessive cost to consumers and operating companies 


m 




. * 


-, migiuViiCUlv;MUn Cl U lift j 

and heating devices, would seem to weigh heavily 
against the general adoption of the 126/21.6-volt scheme. 

The 110/190-volt system likewise appears to have 
serious disadvantages under existing conditions, due 
to similar excessiye expense in connection with general 
purpose motors, small motors, and motor control 
equipment. 

A summary of the effects of the various three- 
phase voltage combinations on the different classes of 
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125/216 Volts: As 120 volts is now the allnwaMe n-™ , ± 'jT . ura mutuum, classes oi > 

upper limit for most of the apparatus, much redesien inti o & us . dls< ; usse _ c j m the Qualitative Analysis, taking , |jjj 

would be new>ss«ro w.oi,i*s„n. _!_ ... g i nto consideration the total annual sales of each product 

oi tie entiie industry, was made. It Rlmw« lnrrm r.iSfati® 


If: 

Ir ; ■ 


120/208 Volts: There would be considerabi^exnen^ “»••«»• "**7. ** ««k It shown largo 

connected with changing the design of fan motors and su/t™ * T'lf 126/216 volts an<l U0/W0 Volta 4 MB 

«d rectifas tor 120 volts, and static condLTT Stages ““‘mo .TT'““V to ^ V S|| 

208 volts. oaages. iJie summary also indicates a parity bo- 

116/199 Volts: For this voltage the expenditure S md 120/208 volte which points : « 

would be the least. The only change migh ?be a new urthS S 1 these **> Stages /« 

/: hneof static condensers rated at 199 volts. 1 “ ’ Th,s Wl11 be done in the Quantitative Analysis. :«H 
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" w >«««,. me only change mi 
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secondary systems, four overload trip coils may be effect a great saving to the entire electrical industry* 


required to give full protection, which means the addi¬ 
tion of two coils and rearrangement of all controllers 
for motors intended for connection to networks. A 
fourth pole must also be added. The combined 
increased expense in development, manufacture, and 
stocking would be - very large. 

4. Safety Switches. A neutral strap and fourth 
pole must be added where entrance switches will be 
used on five-wire services; all standard sizes will 
probably be affected. Four-pole general purpose 
switches used on lighting feeders may require the addi¬ 
tion of a solid neutral connection. Motor starters 
must have a fourth pole added and it is probable that 
where thermal cutouts are used two extra cutouts may 
have to be provided to make a total of four. 

The entire extra expenditure would be very large. 

5. Transformers. Since the majority of the feeders 
would eventually be three-phase, transformers would 
require Scott tap construction. As this calls for 
interlaced windings, the design is special. If companies 
not operating networks could see no value in the special 
design, a separate line for each of these groups would 
have to be carried in stock. The total extra expense 
would be very large. . 

6. Miscellaneous Apparatus. The main changes 
would be the addition of a fourth pole on certain 
oil switches and carbon circuit breakers, and the 
extra cost of two double-pole network protectors or 
one four-pole protector in the place of a triple-pole 
protector at each polyphase transformer bank. The 
expenditure involved would be very large. 

7. Electric Heating Devices. The two-phase system 
uses devices of standard rating. 

8. Summary for Two-Phase Combined Systems. 
The Qualitative Analysis for the two-phaee 115/230- 


Table I shows that if any type of corpbined secondary 
scheme is generally adopted for networks there will be a 
heavy expenditure tending to offset some of the gain. 
It also discloses that failure to standardize immediately 
will add to this tendency. 

Further, it reveals the possibility that there may be a 


table x 

QUANTITATIVE ANALYSIS , 
EXPENSE TO ENTIRE INDUSTRY 
OVER TEN YEAR TRANSITION PERIOD 


Glass of apparatus 

Three-phase 
115/199 volt 

Tlrrec-pliaso 
120/208 volt 

I Two-plufso 
115/280 volt 

l, 

Small motors. 

10 

80 

8 

2, 

GenT. purpose motors. 

18 

2 . 

20 

3. 

Control equipment. 

32 

32 

60 

4 

Safety switches.. 

5 

5 

17 

5. 

Transformers. 

0 

21 

17 

G. 

Miscellaneous apparatus.. 

1 

10 

32 

7. 

Electric heating do vices. 

0 

0.2* 

0 

* 

Totals... 

§75,000,000 

§100,000,000 

$150,000,000 


♦Too small to influence* total. 


definite difference between the 120/208- and 11S/199- 
volt three-phase systems, in favor of th,e latter; and that 
the adverse effect of the two-phase combined scheme 
may be relatively much greater than that of either of 
the three-phase combinations. 

Relation of Trends in the Industry to 
This Problem 

If the task of choosing a standard scheme is under¬ 
taken, other influences should also be considered in 
addition to the effect on apparatus existing and required 
in the future. For instance, what bearing may the 
numerous trends in the industry have on the con- 
A discussion of a few of these 


templated standard? 

tendencies will serve to illustrate the importance of 

±11C v ~ -- ' T - i ’ U , 

volt five-wire combined light and power system thus giving them proper weight 
indicates the possibility of certain disadvantages with 
regard to small motors, general purpose motors, motor 
control equipment, safety switches, transformers, and 
miscellaneous apparatus, 


Quantitative Analysis 

To make it possible to gage how important these 
factors may be, and particularly to assist in forming a 
better conception of the increased cost that might be 
incurred if any one combination should be adopted 


Trend op Low Voltages 
One method often used in gaging which voltages will 
tend to predominate in low-voltage distribution systems 
is the analysis of the lamp sales in the voltages’of the 
100-130-volt class. The curves in Fig. 3, applying 
to lamps sold during the past nine years, are based 
on data contained in reports of the National .Elec¬ 
tric Light Association Lamp Committees. They 
show one way of determining the probable tendency 

xrs* 

to 1921 the total lamp sales for 120 volts appear to 
have kept pace with those for 115 volts, with the 
latter in the lead, but Fig. 3 shows that since 1921 
there has been a more rapid upward climb of the 115- 
volt sales. If the tendencies indicated by these curves 
become the realities of the future, then, it is likely that 
115 volts will he the standard for many years to come. 

Furthermore, there appears to be little evidence at 
present of any trend'that may change this situation. 


tive analysis., 

Table I gives the results of such an analysis,. the 
relative index numbers represent the approximate 
expense to the entire electrical industry for small 
motors, general purpose motors, etc,, and the totals 
summarize these expenses for each of the pombined 
schemes considered. * 

The operating companies that have applied the 
combined light and power method of secondary dis¬ 
tribution have been prompted mainly by the desire to 
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Are the companies that are dropping 110 volts adopting 
120 volts instead of 115 volts? It is difficult to draw 
any such conclusion from Fig. 3, for the curves give 
no indication as to how much of the increase in 115- 
volt or 120-volt lamp sales is attributable to normal 
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Over-Motoring 
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and how much to acquisitions 
While the tendency in the past has been towards 
a steady upward climb of distribution voltage, this 
seems to hav^been checked by the approach towards 
standardization in the last few years. As an illustra- 
tiqp, there is the action of a few of the larger syndicates 


Many operating companies favor making use of Clio 
present degree of over-motoring where possible, yet dis¬ 
courage its continuance into the future. To avoid tiny 
injustice to customers who have purposely til lowed 

onovo _- P r__ i. • » t i 


vo, \7 : a ;r u r“ n ™ Notice to customers who have purposely allowed 

growth of connected load in 115- or 120-vo t systems Pysi , - . \ 1 ' . , , 

i , * , .... « j j J spate capacity in motors for future increase in loads, 

and how much to acquisitions from 110-vo t systems. , • V i , , V ?• 

. . . .. A J tnese companies stand ready to install the boosting 

while the tenrlenev in the nasi mo Loan ± _ e _ , . ° 



companies__ 0 

auto-transformers whenever required. 

Fig, 4 is the result of a load survey of all the general 
purpose motors served by a large underground distribu¬ 
tion system. Load concentrations averaging 20,000 
to 40,000 lcv-a. per square mile prevailed. , It may be 
said that the results are fairly typical for most of the 
underground areas where a-c. networks will bo applied. 

These curves indicate that in but 10 to 15 per cent 
of the cases is 100 per cent or more load encountered, 
and that for the majority of motors and motor h. p. 
the maximum load is only 50 to 60 per cent of the 
rating. Examination of the curves of Fig. 2 in the 
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and to allocate to each its proper relative weight will 
require the concerted attention of the electrical operat¬ 
ing companies. Nor can the manufacturing companies 
hope to avoid their proper share of any task that may 
arise as the result of a decision based upon that study. 
The full cooperation of both branches of the industry 
will be necessary to arrive at a solution involving the 
least burden to all concerned. 

The following are a few suggestions for action 
whereby this purpose may be accomplished. 

The active interest of the leading men in the industry 
should be enlisted. Their long experience with such 
problems and their intimate knowledge of the losses 
due to lack of prompt action in the past should be 
brought to bear. 


An intensive effort to improve the design of combined 
light and power systems for networks, in order to 
eliminate compromise as far as possible, would be of 
distinct value. 

Cooperative effort will be needed to encourage the 
active support of any agreement on'the part of all 
operating companies, A conservative campaign of 
education on the value of adopting one standard for 
combined secondary systems would decidedly aid this 
effort. a 

The manufacturing companies should make sure 
that none of their policies tend to promote the use^of 
such schemes and voltages for combined light and power » 
secondary systems as may differ from the standard 
that will be chosen. ’ 
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GROUND-RELAY PROTECTION FOR TRANSMISSION 
SYSTEMS 1 - 

(Jones and Dodds) 

DIRECTIONAL GROUND-RELAY PROTECTION 2 

(Breisky, King, and North) 

Detroit, Micii, Jijne 21, 1927 

H. P. Sleepers I was not aware that we had progressed to the 
extent indicated by Mr, Brefeky’d paper, where wo can actually 
place ground protection on a system where there is no ground 
current. •• 

However, the method described by Mr, Jones in his paper is one 
which I believe indicates a distinct advance in the art, Perliap s 
five or six years ago it was a bard, proposition to sell to operating 
engineers the idea of ground protection. At that time short- 
circuit protection was pretty much standardized, and they saw 
no necessity for complicating the situation. 

However, today that is not the case, and I believe that ground 
protection is fully justified for two reasons in particular. In 
the first place, ground-relay protection will tend to minimize the 
damage at the point of fault. On the system witfl which 1 am 
identified, that of the Public Service Electric and Gas Company 
of New Jersey, we have several hundred installations of the type 
of ground-relay protection described by Mr. Jones. We are 
operating a 26-kv. system with 75 ohms in the neutral. This 
limits the current to ground to 200 amperes, high voltage. We 
find that its operation is extremely successful. 

To illustrate the limiting of the damage afc the point of fault, 
an example is a case which occurred recently when a ground was 
found at the joint of a 26-kv. cable. The line tripped out at 
both ends, and finally, by tests, the fault was located in the joint. 
The joint presented no external appearance of any abnormal 
condition within. The sheath was not enlarged nor blown apart, 
and there was no hole through it. . The joint was opened, and 
there was a little hole through the compound, possibly as large 
as the end of one’s little finger, showing where the current had 
gone to the sheatli without burning through. On the conductor 
there was an extremely small amount of burning; so little that 
the joint was very easily re-made and re-insulated without the 
necessity of any additional line conductor being added. 

The second effect, which really is, an indirect one of the first 
result, is that of reducing the distress on the system.. Prior to 
the installation of the 76-olim resistor, we uW the solid neutral 
on this system. A wire falling to the ground would give a 

X, a, I, E. E, Journal, October, 1027, p. 1089. 

2. A. X. E. fc. Journal, November, 1027, p. 1184. 


severe voltage disturbance to the system, a 10 or 20 per cent dip 
being not uncommon during the trouble. 

Now, a successful operation of the ground relays gives from 
2 to 4 per cent voltage dip at the ends of the line wliiohjis not 
discernible on lights, I believe that this is very essential to 
the satisfaction of customers, \ ; . 

Another point that I should like to mention in connection 
with ground protection, is what I believe to be the necessity of 
making research faults on the system, I have made quite a 
few of such high-voltage grounds on the lines while investigating 
the efficiency of ground-relay protection, and in most oases to 
say the least I have found that the executives of the company 
were not heartily enthusiastic about the idea of making these 
faults, I believe that a certain amount of such testing is neces¬ 
sary as a research proposition. ‘ 

That brings me to the third point which I would luce to 
mention; namely, the methods of testing ground relays, to be 
certain they are properly connected and will operate correotly. 

Mr. Jones has described the use of a phantom load, the use 
of the line load, and the actually making of faults on the high- 
voltage system, to check the ground relays, I have never been ^ 
able to find a successful system of using phantom loads to do this. * 
However, I find that the use of line load and line voltage can be 
used very successfully to check these relays. 

We have devised a method of short-circuiting one current 
transformer while the line is carrying the load, and of opening 
one high-voltage disconnect switch without in any way dis¬ 
turbing the connections to the high-voltage system. With this 
method it is possible to obtain a set of phasing results on direc¬ 
tional ground relays, which, to date, has given us no incorrect 
operations, I do not believe that the actual grounding of the 
higli-voltage system is necessary. / • 

I should like to say a word regarding Mr. Breisky s paper on 
the ground protection of isolated-neutral systems. As I under*^ 
stand the situation, the relay whioh has been developed to do tins 
iob is essentially the same relay that Mr. Jones lias described 
wherein the system is actually grounded, the difference being 
that the relay on the isolated-neutral system uses charging cur¬ 
rent to operate it, and hence, different voltage relations result on 
the relay protection. . - 

I should like to ask Mr. Breislcy if it is not possible to use the 
same relay for both applications, thereby greatly simplifying a 
problem which is a difficult one for us right now. We have a 
system which has a neutral resistor at one station. If for any 
reason that one resistor must be removed from service, it becomes, 
necessary or desirable to ground th^system at some other point. 
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The clearing of faults by means of the ground relay materially 
reduced system voltage disturbance. We have replaced the 
watt-relay by the directional relay, having two separate 
elements,—namely, the current element and directional 
element,—thereby allowing all ground relays to have the same 
characteristics and simplified settings. . . ’ . 

Another point which has not heen mentioned is the protection 
supplied for reserve bus breakers. All operating companies 
experience line failures when lines are operating on reserve bus 
breakers, thereby removing from service the balanced relaying 
schemes. This, of course, subjects the system to greater dis¬ 
turbances due to higher settings, and I believe that this should 
receive serious consideration by all operating companies. 

As to the checking of ground relays, we used originally a 
phantom load for the watt-relay. Then we started to apply 
grounds to the system to check the selectivity of the watt-relay 
against current relays. After changing to relays of similar char¬ 
acteristics, we continued the ground application scheme of 
checking, but found that the phantom-load scheme was satis¬ 
factory, especially when wo use the scheme mentioned by Mr. 
Sleeper, namely, diverting phase currents having known direction 
through the ground relay, and opening one leg of the potential 
transformers. Our field testing crews are obtaining very reliable 
results from this scheme of testing and the only time wo apply 
the ground is after an occasional faulty operation to check not 
only the ground relays hut phase relays as well, in some cases. 

G, H* Doam I realize that there is a vast difference between 
the protection of a resistance-grounded system and that of a 
solidly grounded one. I should like to point out the scheme, 
however, that the Detroit Edison Company is using. In general, 
we have used for a number of years on all transmission lines, 
120-lcv, and 24-kv,,—a mechanically balanced differential relay. 
The operating experience with this for the past year has been 
in results, somewhere in the neighborhood of 98 and 00 per cent 

perfect. • 

This system is very advantageous, we think, in that it is almost 
instantaneous. Objection has been raised to the reduction of 
voltage at the time of fault. .We realize that we do get voltage 
reduction at the time of fault, but we have found that if we can 
clear a fault quickly, we don T t need to worry about the reduction. 

This relay has been doing it for some time. 

Mention was made of low-energy relays. Again, we are dif¬ 
ferent in that we believe that most of the relays furbished are not 
nearly sturdy enough and don’t take nearly power enough, nor 
have sufficient force always to operate when you want them. 

Manifestly, with a large system which is rather compact, it 
is rather difficult for us to see how we could go out and ground 
our lines for checking relays. As a matter of fact, I believe that 
ourpresent check, made through the use of portable test trans¬ 
formers, (putting primary current through the current trans¬ 
formers as a current-transformer check and carefully tracing the 
potential-transformer circuits to the relays, added to a check on 
the relays as they are put into service to make sure that they are 
going in the right direction), has, so far, resulted,!* practically 
perfect connections. I cannot recall a single case of error of 
relay connections in the last two years. Unfortunately, we have 
had one or two cases of incorrect rol ay settings, 

L. N* Crichton t ' The question has been raised as to the 
operation of grotfhd relays on a system having its neutral dead- 
grounded. 

The relay connection under consideration is the conventional 
one using a wattmeter type of relay, connected in the delta 
circuit of a bank of star-delta potential transformers. It happens 
that the voltage actually applied to the relay is the drop between 
the relay and the source of power, and consequently the phase 
relation between the current and voltage depends upon the char¬ 
acteristics of the power supply rather than the characteristics of 

. the trouble. . _ • . . 

When you take the resistance out of the neutral, the current 


lags far behind the voltage, and in addition, you get distorted 
phase relations due to unbalance in the voltage triangle, resulting 
in the current lagging more than 90 deg,; actiial tests on a system 
showed 92 deg. Then, if you take into account other errors that 
are likely to creep in—unbalancing of potential transformers, 
and so on,—you will Bee that the relay has a poor chance of 
working correctly, if it is a true wattmeter/ The trouble can 
be taken care of by making a relay which will work more effi¬ 
ciently on lagging current, and such a relay has recently been 
developed. 

The question of removing the resistance from a number ot 
systems is now under consideration and on th$se installations, 
the present relays can be kept in service by putting small phase- 
shifting devices on them. ^ 

The type of relay having its greatest torque with lagging ? 
current should be used, in general, on all systems, even thpse 
having a high resistance in the neutral, so that the installation 
will not require change if it should later he decided to remove the 
resistance. 

J. Allen Johnson: (communicated after adjournment) I do 
not think that Messrs. Jones and Dodds intended to convoy the 
impression that the use of “power relays with self-contained 
timing dement” may not be entirely successful and satisfactory * 
under some conditions, but such an impression may he cieatod^ 
by their statement in the last paragraph of the first column on the 
second page of their paper. 

The Niagara Palls Power Company has had in successful 
operation for several years on its 6G-kv, circuits a system of 
ground protection using a specially designed low-energy power 
relay. The conditions here are vory difficult as the neutral 
ground resistance may be as high as 750 ohms and the current 
transformers which supply current to the relays liavo a 600/5 
ratio. Thus the ground-fault current may be as low as about 
60 amperes, which may be divided over two parallel circuits, 
giving only about 25 amperes primary current in the current 

transformer or slightly over 0.2 ampere relay current. 

The relays were designed to operate with 0.15 ampere with full 
voltage on the potential coil. Voltage for the relays is obtained 
from a potential transformer having u ratio of 34,500/115 con¬ 
nected directly across the 750-ohm neutral resistor. On account . 
of the high neutral resistance, a very large proportion of the fault 
voltago always appears across the neutral resistance and potential 
transformer, and this resistance being practically non-inductive, 
the voltage is always nearly in phase with the fault current. This 

results in very positive relay action. _ 

The excellent operating record of this installation during the 
3'A years of its service is shown by the following record of 
operations. . 
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V. p, Brodsky: (communicated after adjournment I should 
like to ask a question regarding the use and interpretation 
of the vector diagrams illustrating this paper. Subtraouve- 
polarity current and potential transformers are used in the con¬ 
nection diagrams givenin the paper. This may be seen from the 
polarity marks on these diagrams, and is also in accordance wtth. 

the present standards. , p|gjij®g 

In a subtractive-polarity transformer the primary (mipresso ) 
voltage is opposed in the internal circuit by the secondary 
(induced) e. m. f. TMb als£ applies to the currents. 
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However, in the external circuit, a subtractive-polarity trans¬ 
former does not introduce a change in polarity, which remains 
the same.as if the tf ansformers were not existing. It is therefore 
the reversed secondai'y voltage or reversed secondary eurrrent 
delivered to the relays which should be made use of in these 
applications, 

I notice that in the vector diagrams given in the paper* the 
primary current is opposed by the secondary current, and the 
primary voltage by the secondary voltage. 

I should like to ask whether the writers have considered the 
internal circuit of the transformers or the external circuit, 

B. 1VL Joncn'i* Mr. Sleeper asked about the use of the same 
relay for solidly grounded or resistor-grounded systems. I 
understand that one manufacturer has actually developed inter- 
additions to present ground relays to cover just that field. 
This worried us considerably* too* as we contemplated grounding 
solid. ► 

Wd very strongly favor actually grounding the systems for 
testing the directional ground relays. We have just finished the 
program of applying 305 grounds on our 22-kv, system to check 
434 relays and found 17 field errors which our best inspectors 
couldn’t find by any phantom method. 

We have also-finished a program of grounding our GG-kv. 
system to test the ground relays and found six incorrectly con¬ 
nected, We start about midnight and finish about four or 
five in the morning; we make 35 or 40 grounds a night. We have 
the relay testers scattered over the system. It isn’t very ex¬ 
pensive and we feel that the expense is jus tided. 

Mr. Johnson is.riglit in assuming that the authors did not 
intend to convoy the impression that the use of power relays with 
self-contained timing elements might not be entirely successful 
and satisfactory under some conditions, The statement made 
was that f, tho power relays have not proved satisfactory for 
ground protection due, primarily* to the fact that a sufficiently 
low-range relay lias not been used.” 

The relay described by Mr, Johnson and used on the Niagara 
Falls Power Company System, operates on a very small number 
of watts* and, a-s Mr, Johnson points out, the conditions on their 
system and their source o£ voltage for the relay are such that the 
voltage impressed on the relay under fault conditions is of a 
fairly high value; also, fcliis voltage must be very nearly in phase 
with the fault current, thus insuring positive action of the relay. 

The Niagara Falls Power Company’s solution of its problem 
was veiy good, but this solution is not open to a great many 
power companies since many companies do not have ground 
connections at a large number of then stations. 

As Mr. George of the Tennessee Electric Power Company 
points out, a great many of the points of difference are due to 
different operating conditions of various power companies. 
The scheme used by the Tennessee Company of getting its 
directional ground protection by the relative directions of two 
currents in the relay, one current being obtained from the line 
protected by the relay and the other from the grounded neutral 
of the power transformer bank, is a very cheap method of ob¬ 
taining directipnal ground protection. 

Again, however, this method is limited to those companies 
^having their transmission systems grounded at their substations, 
t In regard to Mr. Brodsky’s question as to whether the vector 
diagrams shown, in the paper had reference to the internal circuit 
of the transformers ©r the external oircuit, the vector diagrams, 
themselves, show only the phase relation existing between the 
current and potential on the relays, wliile the arrows in the 
relays indicate the instantaneous directions of the currents and 
voltages at a given time. For example, suppose we take the 
instant of time when a phase voltage is at a maximum, and 
assume that current is flowing out on the higli-voltage line ih tlie 
direction indicated by the arrows from the oil circuit breaker., 
Then, due to the subtractive polarity-of the current transformer, 
the direction ofourrent in th^.A-pbase relay would be as indicated 




by the arrow. However, the voltage applied to this relay 
the voltage from A-phaso to C-phase, and since the instant 
time was assumed when a phase voltage was at a inaximum,p^S, 
then the C voltage would be at about half maximum valuejBISiR 
and A-phase, being at a higher potential than C-phaso, tlie:fl81 
direction of potential would be from A to C in the external oircuit^;||i|S 

The arrows and direction in the other two relays are also taken :||jp|| 
at the instant of time when that particular phase voltage is at its Mm 
maximum value. 

J. V. Brcisky; Mr. Sleeper has asked whether the 
relays could be used on systems grounded through resistanci^||^S 
as on ungrounded systems? This can bo done by somewhat Ws!m 
changing the phase relations in the present design of rclay^p^ 
either by making changes internally or by means of external'll 
resistors and reactors as suggested by Mr. Sleeper. A roloy fj|f 
could probably be developed which could be used interchange 
on these two types of systems since the limits of the phase. 
position of the ground currents on both kinds of systems aro 
quite well fixed. Of course this relay can be used on tlio 
grounded sj'stem only if the residual charging current is of ’ 
sufficient magnitude to operate the relays as designed at proscmfci $£$0$ 
It would be more satisfactory probably to doad-ground the systom 1 : ||§|j 
when it is necessary to remove the resistor and use a phasp'5^i|§ft 
shifter to give correct operation (as mentioned by Mr. Crichton)' 
with the present relay, which is designed to operate on systoms ' 
grounded through resistance. 

As pointed out by Mr, George, it is possible on sya terns' 
grounded at every substation, through power or grounding trail 
formers, to secure good ground protection by using relays op or at 1 * 
ing on the product of the current through the transformer neutral 
and the line residual current. In this case, most of the ground 43111 
current is supplied by the transformers adjacent to the grounded;^'bi¬ 
section and the relays may bo operated on4jhe inverse part 
their curve to get good discrimination between the various-. ' 
sections. Such a relay is also directional, since the current • :4llllf 
through the transformer neutral always has the same dirootioih^y^^^S 
and it takes the place of voltage in serving as the referenco : :^; : S||ft, 
quantity. Relays of this type have been used on the Pacific..-ISIlll 
Coast with good success for several years and are being installed: ^Sill 
on several new jobs. 

Certain types of over-current relays have slow-opening eon- jS® 
tacts. If, however, the fast-opening type is used with Wie11j|| 
directional •onfcaots correctly spaced, I feel that the trouble 
mentioned by Mr, George, that of improper operations caused 
closing of directional contact after. over-current contacts have 
closed, will not be experienced. This could happen only after 


_. m «sm 

breaker had opened, clearing a fault, and the flow of power had ■ 
changed due to the distribution of load. If the over-current K 
contacts are of the quick-opening type, they will be open by fcho tip 
time the directional elements close and the breaker will nollllr 
operate. If for any reason the direotion of power flow should -l® 
change after a fault has occurred on a system and before it is /:|fjt§ 
removed, relays with, a single element as well as those with 38§| 
separate oven-current and directional elements would operate. If 
The trouble mentioned by Mr. George, of a load current of ,; ; 
greater magnitude than the ground current preventing the ro- -S§|||1 
verse-power relay from operating correctly, can occur only when 
a non-diraotional ground relay is interlocked with directional S 
elements operated by line current and voltfige. The scheme 
outlined by Messrs. Jones and Dodds used when the system is' ; t§i§i 
solidly grounded with a suitable phase-shifting device as men-ilH® 
tioned by Mr. Crichton, in which the relay is operated by residual4S^S 
current and voltage, is entirely independent of load currents. "SSjiSl 
Mr. George’s statements that "the application of rovorso- 
power relays on large transmission systems is apparently very 
limited and that reversal of power is an infrequent indication of 118381 
trouble” are not quite dear to me. The reversal of power "••W* 
accompanied by an abnormal current is certainly an indication 
of trouble, and reversals unaccompanied by over-current will not ■' 
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cause operation of relays. There are thousands of relays of this 
type giving satisfactory service and in many cases it is the only 
type which will give the necessary protection. 

The scheme of using mechanically balanced relays, as men¬ 
tioned by Mr. Doan, is, in. general, very satisfactory except that 
its use is limited to cases where there are enough lines in parallel 
so that there will always be at least two left under any operating 
condition. Such cases are not common except in large urban 
‘cable systems. Undoubtedly, as Mr. Doan points out, it 
would be desirable to use relays which would take more power 
to operate hut which would be more positive in their operation. 
Unfortunately, however, the demand seems to be for a relay that 
•will require loss and loss power to operate it except possibly on 
large cable systems where a large amount of power is concentrated 
into a relatively small area. So far as sturdiness is concernod, 
however, we seldom hear of the mechanical failure of a relay. 

In answer to Mr. Brodsky’s question regarding the vector 
diagrams, I should like to mention that it does not matter 
whether the -secondary quantities are shown reversed or not, 
since this will affect both current and voltage similarly and the 
phase relations will remain unchanged. Although vector diagrams 
are not entirely standardized, I believe the lino quantities and the 
relay quantities are usually drawn in the same direction when 
subtractive polarity transformers are used since this is in lino 
with the idea that the transformers may ho considered as straight- 
through connect ions, 


REPORT OF COMMITTEE ON RESEARCH 1 

(Whitehead) 

Detroit, Mich., June 22, 1927 ' • 

F. C. Caldwell* There are two types of minds that are 
particularly adapted to the training for research,—on the one 
hand, the student w*Tio is distinctively scientific, who has the real 
research spirit, tlio desire to know, the scientific curiosity,— 
on the other hand, the inventor, the man who has ideas that 
seem, to him at least, to bo inventions of importance. 

The man. of the first type is interested only moderately in the 
money side of Ms work. The man of tho second type usually has 
in mind that financial return his invention will bring to him and 
often vastly over-estimates its money value. 

Such a student needs to have impressed upon Mm the real 
situation with regard to invention and development, the problems 
and tho difficulties involved and the value of team \?ork in this 
connection. He may thus come to appreciate the advantage of 
working cooperatively in an organization rather than trying to 
play alone hand. 

The other student, the one who is of tho scientific research type, 
wants to know that lie will earn a good living, assuming a reason¬ 
able degree of success, and that he will not have to worry too 
much ahdut the cost of living, if he trains himself for and devotes 
himself to research. , 

Recently one of the large electrical organizations sent us a 
curve showing the average salaries which the graduates of our 
institution were earning at various intervals after leaving college 
It was a very interesting curve, and quite encouraging. It 
showed that for a man who was satisfied with a comfortable 
living, that was a good organization to join; little prospect of 
making a fortune, tyut an opportunity to live a comfortable life. 

It would be interesting if we could have such a curve for 
research workers, A curve like this, if it shows such an upward 
slope as I believe it will, should be very encouraging to would-be 
research workers, 

Another point,—often when a university teacher does develop 
some research ability, lie is taken out of teaching wfirk and 
absorbed by industry. That is a real difficulty, but we certainly 
would not want to eliminate it. The loss of such men from 
education is a hard problem to solve. Perhaps there is no solu- 
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tion for it, until the time comes, if it ever does, when teachers will 
bo paid salaries commensurate with those that the same men get 
in industry* 

R. W. Sorenson; The educational problem in our engineer¬ 
ing colleges up to the present time has been largely with under¬ 
graduate students whose college life is limited to four years. A 
few engineering colleges are extending their courses to five and 
in some instances to six years. TMs seems to indicate that in the 
near future there will be available in the colleges graduate 
students who will have the required preparation and time to do 
research work, 

Just at present the scientists are ahead of ttie engineering 
students in their ability to raise finances for pure research work a-s 
compared to applied research work or engineering research wor^> 

In those colleges with which I am acquainted a pure scientist 
research teacher may have one course to teach, and usually that 
is just a lecture course, or perhaps lie has only a few researeh^men 
with whom he holds conference regarding tlieir research problems. 
Engineering teachers for tho most part have to devote about half 
their time to teaching; some of them also have to devote a 
largo share of time to administrative work to keep a department 
going, in addition to being expected to try to get in a bit of 
personal research work and at the same time inspire students’ 
wOrk of a research type, < 

In engineering as well as in pure science wo must find a way to 
make available a large number of fellowships which capable men 
may make use of while doing research work and studying .for a 
Pk. D. degree in engineering. At the present time the few 
available fellowships of this nature make it necessary for engineer¬ 
ing students who are not members of fairly well-to-do families to 
find all Jdnds of outside work in order that a few dollars may be 
earned to keep soul and body together. 

Another factor is, only a few of the industries of today have 
expressed a willingness to pay for increased engineering training 
beyond that, required to obtain a Bachelor’s degree. I think it 
can well be said the few who have been liberal in paying men who 
have been Avortliy of doing graduate work have found the in¬ 
creased pay a profitable investment. Another factor is that 
engineering research men have been directed toward commercial 
problems because of larger pay frequently given to commercial 
men. 

If colleges arc to undertake engineering research problems they 
must also give considerable attention to the study of patents, how r 
to obtain them, and the OAvnership of patents resulting from 
research work in college laboratories. It is my opinion that fofc 
the best results, patents thus developed should be the property 
of the educational institution Avhere the Avork is done, but the 
institution must, on the other hand, do as the industries have 
eigne, recognize patentable features resulting from research 
work as Avorthy of being the basis for financial compensation to 
the Avorkers Avho make it possible to obtain patents. Inasmuch 
as educational institutions liaA'e limited funds available for taking 
out patents, industries, who after all will get the return^ by 
manufacturing the goods, must be \ r ery liberal in assisting the 
educational institutions in developing and patenting new devices. 

In fact, the Avhole problem is intricate and requires a great (leal 
of study, but that study is inevitable because our technical 
problems are reaching a state where they can be analyzed and 
extended further only by engineers who have a thorough under¬ 
standing of modern physics and mathematics; that^is, the 
engineering profession lias become so thoroughly a language of 
physics and mathematics that four years of training is insufficient 
for the man Avho wishes to he in the forefront of technical 
progress. To make it possible for colleges to turn out such men 
the industries and colleges must Avork out a new plan for financing 
men qualified to do graduate work.. The colleges must see to 
it that they admit to graduate Avork only men peculiarly fitted 

for it. * - 

Some criticism has been madefregarding the number of papq^j 
coining from our college research laboratories. I am quite, 
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$ vjnoed, howovor, that the colleges are producing results com- 
rm&ruwrato with the amount of money spent in their laboratories 
equal to that in the*industrial laboratories. Our own experience 
hiw lKsen such as to indicato that often research problems useful 
to industries can bo carried on by students in a college laboratory 
as well as hy a man in an industrial laboratory for much less 
money than the industry would requiro should they use the same 
man for the same work in one of their own laboratories. 

K, E. If ell mu nds I think the subject of research in colleges 
is a very timely ono to discuss. The reason why I believe so is 
that there are relatively few students coming from the colleges 
with the intention of taking up research work or design work 
which is similar to research. I have for many years interviewed 
most uf the students coining to the Westinghouse Company to 
ta m t up engineering work, and until recently the large majority 
of 4 thorn showed a preforenco for application work and but very 
few earno with the idea of going into design or research. 

V\ e, of course, have given this a good deal of thought, because 
a manufacturing company is primarily in need of design engineers. 
The usual idea that the compensation may be the reason for the 
txistmg ( onihtion can Jiardly apply because the salaries of re~ 
i^h ami dc.^gn engineers are in general the same as those of 
minium engineers. I believe the real reason is that the 
^ r"; I" *" Stl . l,lt0 th0 st,,donts 11 desil ° to do this Idndof 

Quints f ,l ° M U " f ’ f ° r imtance - that in som e schools the 
rtudtnte during their senior year do a number of design calcula 
lion# fur induction mnfnra t._. _ 
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make about training of research mon which I boliovo. lifts nov&itff! 
come up in the discussion between tho engineers and oduoaCorijj§§ 
that is, the importance of training: moil in manual dexterity, bo't|^[ 
for making instruments and experimental “sot-upa, 11 and 
their manipulation. . -MM0MS 1 

r, ♦ ' 

buccess m research work depends very largely upon the 
fcerity of the worker in making-, assembling, and using apparatus SSil|Rf 
The man who depends entirely upon roady-mado oommoralfit 
instruments or who has to wait for tho commercial cone or ne Uri^llll^ 
make liis instruments will not got very far in research work. . 

There is ono other point in connection with training of research '"S|P® 
men, and the development of research montality. I do not thinkslil 
there is a single research mentality. Wo ncod two different typos J SIS 
of men in the research laboratory, ono having reliability in malfing 
measurements, and the other having extraordinary onprdinatiiiff • 
power, bringing together the results of tests and uniting 
.together into something new. I think tiioso aro two on Li roly 
distinct types and ought to bo rooognizod as 
educators. 
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on the Paoli electrification, a cross catenary was used for the sup¬ 
port of the messenger and trolley, this being its first general 
application to main-line work, although it had been used pre¬ 
viously in the East Port Chester yard of the N. Y., N. H & 
H, R. R. 

Prior to the Virginian electrification, we had u tilized galvanized 
steel wire and galvanized castings for the support of the messen¬ 
ger and trolley wire. On the Virginian, non-corrosive materials 
were used for the messenger and the trolley hangers (the two 
live elements above the trolley). For the Bay Ridge electri¬ 
fication, a further advance was made by the employment of 
non-corrosive Integers and wires throughout, including the cross- 
catenary, 

JSleotrification is now under way of the P. R. R, Company’s 
suburban service between Philadelphia and Wilmington which 
uses all non-corrosive materials. It is on a portion of this line 
that £ho interesting type of steady which is described in Mr, 
Viele’s paper will be used, . 

At the time we undertook the Elkliorn grade electrification, 
we found the mathematics of the catenary system in an unde¬ 
veloped state, the practise being to calculate the hangers only 
for those spans which followed around a uniform track curve, 
it being left to the construction forces to cut and fit the irregular 
spans at transitions, etc. On this line it became imperative to 
find some method of calculating the irregular spans also, and an 
original theorem was therefore developed by our engineers. 
This has since become generally used, and is described in Mr. 
Brown s paper. It should be remembered that while discussion 
of the mathematics is of value, nevertheless catenary design is 
largely empirical, requiring judgment and experience to produce 
an economical and smooth-running line. 

H. S. Richmond: In abolishing the trolley pull-offs on 
high-grade and high-speed systems, by experience it was found 
necessary to meet the condition which demands - that the trolley 
curve of one span shall be tangent to that of the adjacent span 
opposite the point of support. The trolley curve is not a true 
circle, but if the above condition is met, it forms a continuous 
and graceful curve, lying in a horizontal plane at the temperature 
for which the computations were made. We have deduced 
formulas by which spans are thus matched together or 
“balanced” both on regular curvature and on transitions. 

The formula by which spans are “balanced” on a regular curve 
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and the maximum deviation A of the form of the trolley curve 
from the true circle is given by the formula: 
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Here , 

8 - the spanJn feet. 

T = the combined trolley and auxiliary tension. 
rM « the messenger tension. 

D =* the track curvature in degrees. 

U = the horizontal offset between messenger and trolley. 

<P — the r ordinate of the fundamental trolley curve referred to 
• the system axis, 
and 

M/dxia the derivative of <f> with respeet to axial dimension, 
tp particular values of the ourve and its derivative at the point 
of support being used. 

The deviation A, we have found to be a very small quantity and 
not of significance as regards conformity of trolley to pantograph 
pen ter. In tins we take exception to Mr, Brown’s citation of this 
point as being an important* limitation in the use of the inclined 


system. On the contrary, we find that the real limitations of 
this system for moderate curvatures lies in the length of the 
horizontal offset between contact wire and messenger at points 
of support and the temperature variation in vertical and lateral 
position of the contact wire. 

J. C. Damon: Mr. Jorstad noted that in systems investi¬ 
gated, the tension used for the primary messenger of the catenary 
construction was considerably higher than his formula would 
give. 

In the recent past, the tendency for catenary construction 
seems to have been to use very high-strength material for the 
messenger and to keep the sag as low as possible, Undor those 
conditions, the stretch of the cable furnishes a large proportion 
of the excess length of the catenary curve over the straight-lino 
distance between supports, and with a given uplift from the 
pantograph, the tendency for tho catenary system to rise is 
consequently very great. 

When the tension in the messenger per-pound-weight of the 
catenary system is reduced, tho sag must be increased; but, in 
turn, there is less tendency for the catenary system to rise becaiiBQ 
of the pantograph uplift. 

With the lower tension in the messenger cable, there is a greater 
variation of the height of contact wire due to temperature varia¬ 
tion, but less variation due to the uplift of the pantograph. 

Recently, there has been a tendency to put feeder capacity 
into the messenger, which generally increases the weight of tho 
messenger and, in consequence, due to the pantograph, reduces 
the upward movement of the contact wire. By using a moderate 
tension and putting the necessary feeder capacity into tho 
messenger, some systems get no appreciable wave traveling 
ahead of the pantograph. The Chicago, North Shore & Mil¬ 
waukee Railroad, which uses the heavy type of construction with 
feeder capacity in the messenger, is, of cowse, a low-voltago 
railroad and quite different from the Pennsylvania main lino; 
but it has an entirely non-rust construction of very heavy mes¬ 
senger, which has given satisfaction at fairly high speeds. The 
Illinois Central Railroad is another system in which the feeder 
capacity has been put in the messenger and has operated in a 
very satisfactory manner. 

Mr, Viele contradicted the statement in my verbal discussion 
and stated that the heavier messengers with lower-tension per 
pound did not reduce the wave which went ahead of the panto¬ 
graph, We^ire not, however, as far apart as our necessarily 
brief statements in the very limited discussion permitted would 
make it appear. 

If there were absolutely unrestricted longitudinal motion of Olio 
messenger, Mr. Viele s statement would be correct and my 
statement would be wrong. On tho other hand, if no longitu¬ 
dinal motion of the messenger from one span to another were 
possible, Mr. Viele s statement would be wholly wrong and mine, 
correct. 

In actual practise, Mr. Viele has developed an extremely 
flexible catenary support system which approaches somewhat, 
although not entirely, the conditions of his assumption. On the 
other hand, most of the existing catenary systems, and, I ventui*elU^ 
to predict, a great many of the future catenary systems, will 
have bridges with saddle insulators, or short strings of suspension | 
insulators, and conditions will be more nearly those of a com¬ 
pletely restricted than of an entirely unrestricted longitudinal •; 
motion—in which case, my statements, which were relative •> 
only, will be correct. 

A. G. Oehler: My question is essentially an elaboration of 
what has already been introduced by Mr. Manz. I should 
like to know how much tliefloop hanger does offset the increased 
rigidity at the points of support? How much is this variation in 
rigidity corrected by the use of a heavy contact wire, and is it 
or is it not desirable to use a flexible hanger to minimize this 
difficulty? Finally, is it necessary to worry about it? 

K„ T. Healy: It seems unfortunate that no place has been 
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given in these papers to study the overhead distribution system 
costs. The future extension of electrification depends largely 
upon the abilities of the engineers and manufacturers to reduce 
the initial costs of the improvement, other things remaining 
equal, And a considerable part of this reduction must como in 
the distribution system, as this makes up from 25 to 35 per cent 
of the total cost of the electrification. Therefore, it is essential 
that the design of the overhead distribution system should, 
as a means of lowering costs, look not only to satisfactory opera¬ 
tion but also to economical utilization of material and labor of 
construction. 

As a general rule, economies of design are effected by a close 
study of the conditions and requirements at hand and an ample 
allowance for them, at the same time confining the design to 
these only, The main conditions affecting overhead design are: 
first, amount of conductivity to be provided; second, speed and 
method of collection of the current; and third, climatic conditions. 

The requirements of conductivity immediately make a line of 
demarcation between high- and low-voltage systems, systems in 
level country and in mountainous country, and multiple-track 
and single-track systems, With the high-voltage systems, under 
all but mountainous conditions, ample conductivity can be 
secured in two conductors, so that there is no reason, so far as 
conductivity is concerned, for going into design with more 
conductors. With the low-voltage systems, more conductors 
are necessary with the consequent heavier loadings on supporting 
structures and greater amounts of steel necessary in the 
structures. , 

The second condition affecting overhead design—namely, speed 
of collection,—imposes on main-line, high-speed tracks, require¬ 
ments decidedly difforentfrom those on yard andsiding tracks. To 
a large degree collection is a function of the ability of the collector 
to keep in physical contact with the overhead in spite of varia¬ 
tion in height of the overhead or varying hardness of the over¬ 
head. The ability to follow variations in height is dependent 
upon the velocity and lineal rate of variation in tlie height of the 
overhead with a given effective inertia of the collector. In yard 
operation the speeds are low and the currents low, so that greater 
lineal rates of variation in height are allowable and consistent 
with good collection and the overhead distribution does not 
necessarily have to bo of the full catenary typo. In Europe, 
notable strides have boon made in decreasing the cost of yard 
electrification by taking advantage of this facV The Swiss 
have their Ronens yard arranged with a modified direct suspen¬ 
sion, with 110-fft. and 165-ft. spans. This has given very satis¬ 
factory operating results. 

The Paris and Orleans Railroad, on its 1500-volt electrification, 
has followed the same trend and has wired its yards in tlio Paris 
area with a direct suspended system with cross-span supports. 
Thus, many economies are possible by designing yard distribu¬ 
tion systems, not for mainline track requirements, but for yard 
requirements of low-speed and less exacting requirements of 
uniformity in contact wire. 

The second condition also has to do with the method of col¬ 
lection. Here again it may be well to emphasize Mr. Viole's 
remarks to the effect that coordinated effort in the design of both 
pantograph and overhead is necessary for satisfactory operation 
and that this coordination may he carried oven further to effect 
economies in cosfb. Certainly one of the most important factors 
in the ability of a collector to work well is the inertia of its moving 
parts. Hero, European pantograph design has taken a different 
course from ours on high-voltage systems by introducing a 
secondary bow for the shoe, swinging about its own oentral axis 
and held in position by small sprfhgs. This lias reduced the 
effective inertia of the collector many times, because this small 
bow, weighing only a few pounds, is all that has to move to 
follow the small irregularities of the trolley height. It then 
requiros much lower pressures to keep continuous contact on the 
trolley wire with consequent reduced wear on both wire and shoe. 








At the same time, the pantograph itself is made much lighter, 
using wire guys instead of pipe for side bracing and snugger 
joints with less friction at the points of support and other axes. 
This requires less pressure to operate and makes a smaller area 
for vend and ice loads to affect. The effects of hard spots in the 
contact system are of course greatly diminished because of the 
much lighter;weight behind the impact of the shoe on the hard 
•spot. Experience shows that a single shoe will collect ISO amperes 
perfectly at 55 mi. per hr. and 250 amperes at 27 mi. per hour, 
and that the shoes will run from 5000 mi. in Switzerland to 
15,000 mi. in Germany. The usual practise is to run with two 
pantographs up, which nearly doubles the life dl the shoes. The 
greasing of the shoes seems to he a mooted question; the Swiss, 
for instance, are in favor of it and the Germans are not. « 

Mention has boon made of the need of coordinated effort * 
in pantograph and catenary design, but the importance of'‘this 
in relation to reducing both initial and operating costs cannot be 
stressed enough. With tlie low currents of normal high-voltage 
overhead distribution and the resulting possibilities of reducing 
shoe pressure, tho possible simplification in catenary design is 
considerable. 

In all the high-voltage European electrifications, this coorclina- ^ 
tion has resulted in a great saving. Pantograph pressures have 
been kept down to 79 lb., using aluminum shoes with negligible 
wear on contact wires. As a consequence they have been able 
to use a much lighter and simpler catenary system with only a 
messenger and contact wire. In the past, to cut out the hard 
spots of the hangers, they have operated with an auxiliary or 
intermediate wire, but with the flexible hangers they use, they 
have found this wire unnecessary. In some eases the flexible 
hangers are made of strand so as to make a low-resistance, non¬ 
heating connection between messenger and contact. Particular 
care has been taken to avoid hard spate; splicing is rare, the 
contact wire being in lengths sufficient to reach from anchor 
point to anchor point; push-offs and other devices with com¬ 
pression members are not used; rigid deflectors are not used; 
and pull-offs are made very light. 

The Swedish State Railroad catenary may be taken as an 
example of this type of catenary designed for weather conditions 
comparable to ours and with a conductivity of about 200,000 
cir. mils. The costs of the materials at our prices would bo 
about $528 per mile for 80 sq. mm, copper contact, and $316 
per mile for 50 sq. mm. copper messenger, a total of $844. 

A corresponding example of American practise may be a. 
4/0 phono contact, costing $792, a 4/0 coppor wire, costing 
$686, auxiliary clips, costing $35, and a 9/16-in. steel messenger, 
costing $316, or a total of $1829 per mile, nearly $1000 moro per 
' mile than the other for a slightly greater conductivity of 310,000 
cir. mils. Tho unit weights of the two systems are 0,81 lb. per 
ft., for the first and 1.95 lb. with the American, requiring a pole 
designed for roughly twice the catenary loading. This, of course, 
means an opportunity for the saving of considerable weight in 
the steel structures. Tho Swedish construction, using two 5-in* 
channels for a self-supporting single-track line, is comparable 
to the 10-in. H-section poles in use in this country for similar 


construction. ■ 

H. F* Brown: Mr. Thorp’s paper among other things brings 
out tho importance of the catenary profile in determining the 
structure heights anc^. catenary details, especially where the 
hanger rods depart from standard conditions. Thisris a very 

valuable check on the calculations. 

The unit weights and required conductivity of tho overhead 
system described are impressive, but, of course, are required for 
the low voltage used, This is further reflected in the size of the 
supporting structures. I believe 14-in. H-beams were used for 
the typical two-track bracket polos illustrated in Fig. 15 of 
the paper. For the lighter type of catenary permitted by the 
higher voltage used on tli^ New Haven, a 12-in.^seotion is ample 

for similar two-track spans^ 
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:.. While Wade ami Linobaiigh show tlio feasibility of designing an 
overhead contact system which can transmit and deliver very 
largo currents, and also the possibility of collecting large amounts 
by sliding collectors moving at high speeds, one cannot escape 
questioning the economics of a systom which requires more than 
seven pounds of copper per foot of track, in the contact system 
alone. * • 

If electrification is to ho economically applied to steam rail¬ 
roads on any largo scale, it must bo done on a basis which gives 
the minimum now capital requirements. One of the largest 
items is the cost of the distribution system, The trend should, 
therefore, bo towards lighter designs rather than heavier, in¬ 
dicative of higher voltages. 

It is noted that the test track described contains no turn- 
« outS, heavy curves, or low highway bridges. With the high 
pantograph pressures required, the real test of current collection 
will come at points of special construction, such as deflectors, 
pull-offs on heavy curves, and the hard spots under low bridges; 
and while such difficulties might be overcome, they nevertheless 
increase at least in proportion to the catenary weight, and the 
amount of current to ho collected. The wear on both the col¬ 
lector shoe mid the contaofc wire must be greatly increased under 
• such condil ions, even with lubrication. 

Mention was mado of the use of a 6/0 conductor as being urn* 
desirable. Our experience seems to indicate that there ig a 
real field of use for such a wire on busy yard leads and ladder 
tracks^ where traffic is donse, and pantograph passages very 
frequent, and wo have installed 6/0 wire in such locations to 
secure longer wear. , 

One word about lubrication. This is something to be desired 
but difficult to secure in actual practise, especially on a large 
system. If the lubricant is applied to the pantograph shoe at 
the start of a run. it is soon worn off in the first few miles, and the 
terminal-track trolloys are the chief beneficiaries. Tests made on 
tho Now Ilaven seem to indicate that the best shoe mileage and 
least wire wear is secured with a mild-steel shoo, and a panto¬ 
graph pressure of about IS III. 

Pantograph design Is capablo of being greatly refined. Lighter 
weights, lighter pressures, and lower inertias, especially of the 
collector shoe itself, seem to be tho chief desiderate, all of which 
are inconsistent.with heavy current collection. 

!■“ hiS 1>aI,er, limitS the shape of the Irollov aline- 
ment to that of a true parabola, and shows that his formula 
which gives tho ratio of the weights of the two opposing systems 
. (messenger and contact) equal to the ratio of their resjecth e 
tensions, applies to the parabolic shape P 6 

ih JJh r 1 lhiS f0rmil,a WouId «">"*» limit the designer in 
mlw? “* ° r W0U,d &x th0 «W>t« and Sizes of tho main • 
members (messenger and contact) regardless of their economic 

As an illustration, assume that a 4/0 copper wire is the req uired 

** r„7r,rr, 0121X10 ib - ti ° -- 

0.641 T m _ 2000 IP* and T m = 3120 W m ' 

** u. ™i. To,il7^z m , y ’ v, r l !" * 4/0 

formula will h e i 30 0 lb 10n ’ by tho above 

biTS SJTJS r'f?‘ 

"> n Th» t.Uviomly ,17nV‘ “** 3 “' r ‘- * p “ 

“Sr/.T,”'” 7"*' »»• 

by an increase In weight To nrnA™ ?! lSt b ° aceom P a ™ed 

to go to aTnoLi ^ ^ ifc be , 

thireo times tho above since tho total? 6 '*i Wmgllfc of nearly ! 

Assuming a unit mosseugor weight increasing. , 

messenger tension would then be 5000 n, „ , .V ec Piivalent ] 

-«ight of the catenary wo dd be^ h" 2 ^ total 1 

* umu oe Ad Jb. with a sag of 5.17 ft. i 


1 This messenger would be approximately 7/8 in. in dinmotor, 
r which is obviously not economically applied, as tho matorial is 
s not required for the low tension used. 

) It is true that the trolley tension may bo iuoroasod. Tho 
l ultimate strength of the wire assumed is approximately 8000 
l lb. bub it should not be stressed mxioli more than 2 /a of this 
amount on account of tho low yield point of copper, and tho 
danger of permanent stretch. This limits tho maximum working 
tension to about 5300 lb,, and sots tho normal working tons ion 
at about 3000 lb. 

Then, from the formula, 

0.641 T m - 3000 W m or T rn = 4700 W m 
For a 5-ft. sag, the messenger must woigli approximately 
0.671 lb. per ft. and the tension would then bo 3140 lb. 

This indicates a D/16-in. messenger, which, although morn 
nearly the economic sizo, is nevertheless larger than required, and 
is not working to its full capacity. Further, tho horizontal 
loads on the structures on curves, due to tho trolloy tonsion, 
have now been increased 50 por coni, requiring this additional 
strength in such structures. 

If\ however, the characteristics of tho design will permit tho 
application of Mr. Jorstad’s formula, it presents a very vahiablo 
method, and greatly simplifies tho.calculation, since tho shape is 
parabolic. It may be mentioned bore that tho oarlior installa¬ 
tions on the New Haven, where tho spans woro short, wore 
designed on tho theory that tho shape was parabolic. 

Sidney Withlndton (by letter): The design of pantographs 
in this country just at present, is, I boliovo, the loast developed 
part of any of the electric equipment. Wo dopond upon a eolioot- 
mg device capable of variation in heigh t up to 10 ft., as men tinned 
by Mr. Violo. The inertia of such apparatus is very groat and 
at high speeds, as pointed out by Mr, Violo, this is a serious 
problem and requires a very considerable pressure against tho 
wire to avoid arcing. This, in turn, limits the design of tho 
catenary system. The standard pantograph used abroad, which 
employes a trailing bow above the main pantograph, would aeum 
to be considerably more logical. Tho trailing bow, being 
relatively light, follows the wire satisfactorily oven at relatively 
low pressures, and tho result is a far ligb tor catenary design with 
consequent economies both of construction and maintenance and 
without serious limitation m tlio amount of current which onn 

fZa? n 6 T/° d ' The adva ' ltag - would acoruo 

i v “ 7 Ted des| e n of Pantograph in this country would 
’ f ( ’ 16ve ’ a ve >'y considerable amount of study 
Mr. Viola mentions spans of 325 ft. for tho catenary systom 
It lias been the experience on the Now Haven that Loss tho 
location is pretty well protected from wind, some form of lateral 
support for long spans is necessary bolwoo “ 
p»v« trouble due to „l„d undo, ZJZilZ n e l° 

supports may be obtained in the form of briZs or «dd(Hnn^ 
independent steady spans, or by shortening the main 22, 

The form of support suggested by Mr, Vielo is of intorost A 

Sq oSiTl ■ rr T e ‘ ri6nt Was installed on t,1G Now Haven 

order that trouble which may’occur mly beToeah 
advantage of the scheme mentioned bv Mr vS ‘°n ,T 
insulators are not directly over the Wi ^f* 0 , IS that tho 
locomotives are operated abng with el™? ' “ WllQr ° 8toam 

considerable advantage e ° tm °» Gratio ' 1 *■ of 

osoillation which procewfs^held'of 6 tho imT^“f 0010,1 tho 
New Haven electrification, wtfiiSiSf 3 ° U 
at points of high sneed mi action breaks woro tisod 

sheet-steel member of light gage abm,7 6 alZg Zith the^M “ 
of damping the osofllalions before they reached’ Z , < T 
heavy section break. It was, however, Tound thal ln '^ 
necessary, and its use has boon diseontinuS^ 

so far as possible, wood-stick section;breifi ZZdZ 
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po ints of high speed. Indeed, even splicing sleeves are eliminated 
so far as possible. 

It may be of interest to note that on the New Haven electrifi¬ 
cation extensions installed in 1912 and 1913, the steel catenary 
supporting structures were designed to be self-supporting as 
units; that is, the corner connections between tlie truss and the 
posts were arranged to take the stress normal to the track due to 
wind, curve pull, etc., the anchor bolts at the base of the posts 
taking shear only. This is indicated in tho shape of the posts, 
which taper down from the truss or corner connections. 

This saved a considerable amount of concrete as compared 
with the original design wherein the posts were self-supporting 
and the concrete bases were obliged to take the entire overturn¬ 
ing moment, There was some additional weight of steel and 
additional field labor, but the design resulted in considerable 
net saving. 

In some of the supporting structures, especially those for six 
tracks, it was found advantageous to assume a point of contra- 
flexure about 7 ft. above the top of tlio foundation. This 
resulted in some saving of weight, of steel without much increase 
in the size of the foundation. 

The magnitude of current collected from a trolley at 500,1500 
or 3000 volts is of course far greater, other things being equal, 
than that collected at 11,000 or 22,000 volts, and the problems 
are therefore of somewhat different nature when the lower 
voltages are considered, both from the point of view of current- 
carrying capacity in the catenary system itself, and what might 
be called the "commutation” at tho point of contact. 

Tho problem of sparkless collection of current is a function of 
the smoothness of the contact system, which in turn depends 
upon its uniformity of suspension—that is, the contact wire 
should bo either free to move in a vertical plane easily at all points 
upon the passage of the pantograph collecting shoe, or should he 
relatively rigid at*all points. Any change from soft to hard 


Mr. Damon’s remarks were along the same line. I do not inter¬ 
pret upward deflections in the span on the basis of the possible 
impression that some have of that statement. If we assume a 
condition in which the span involved has a unit weight of 3 lb. 
per ft. and say a 300-ft. span, it means that the messenger is 
carrying roughly 900 lb. If we operate five pantographs on the 
span, it means that instead of carrying 900 lb., it carries 800 lb. 
This means that the sag in the span has to be reduced on account 
of the tension remaining practically constant, Therefore, the 
messenger sag will he decreased; the extra length of messenger 
will run back in the successive spans. 

Now, if you change the contact tension, or ifryou change tho 
loading of the span without change of pantograph pressures, it 
will not make a great deal of difference in the upward define tigns 
with passage of tho pantographs. 

Mr, Oehler asked the question "What does it amount to?” 
Deterioration of contact wire has a very material bearing on how 
much it costs to operate such construction. Spliced contact 
wire means a deterioration of roughly five times that without 
splices. Whether we get a life of ten years out of it or 50 years 
is very material. 

The question may also be asked "What are the relative effects 
of variation in height of contact wire?" Such effects are rela¬ 
tively small as compared with spliced effects. However, all 
variations of whatever nature which take place in the contact- 
wire height involve variations of pressure, both in enlarged and 
decreased pressures. Increased pressures mean increased.wear; 
decreased pressures mean burning of the contact wire. Both 
result in increased maintenance cost. It is*simply a question 
of the relative reduction of section which is produced by such 
variations in height, with the resulting cost, They have not 
been evaluated in money, though they have been evaluated in 
ray mind as being worthy of study and the correction of value, 

H. F. Brown t In answer to Mr. Litchfield I will simply state 


construction means sparking or arcing at high speeds. The real 
test of sparkless collection occurs at turnouts and at low bridges 
and other points where construction is limited by local conditions. 

Mention is made of the freedom from burned messengers on the 
Chicago, Milwaukee & St, Paul at loop hangers, which are 
employed on that system. Tho real test of efficiency of loop 
hangers would occur, I believe, only whore the individual sub¬ 
station capacity feeding the system is relatively larger than is 
tho case on the Milwaukee. 

Tho design of pantograph shoo support with 4 in. of play be¬ 
tween upper and lower position on the top of the pantograph is of 
much interest, It would seem that somewhat delicate adjust¬ 
ment would be necessary in order to maintain the supporting 
apparatus at the raid-position of its travel under normal con¬ 
ditions that it might be free to move up or down as roughness 
in the contact system required. Details of design to accomplish 
this would be of interest. Some data also would be of interest as 
to the mileage made by tlio "pans,” The pressure of 40 lb. seems 
high when compared with that where less current-carrying capac¬ 
ity is required, A pressure of 40 lb, also means a necessarily 
heavy contact system, regardless of current-capacity require¬ 
ments. 

The economic limitations of any contact system, I believe, 
occur in tho weight and expense of installation of the conductors 
and supporting structures rather than in the amount of current 
which can bo successfully collected under conditions of high 
speed, and this should be considered in the design of an electrifi¬ 
cation installation. It is possible that the use of higher voltages, 
either alternating or direct current, would be justified in some 
instances by the saving of material ii\thQ contact structure. 

S. M. Viele: Mr. Brown asked the effect of tension in the 
contact wire on vertical movemeilt. Wo have not made any 
experiments on the basis of varying contact-wire tension. My 
opinion is it would not make any material difference. 

Mr, Mans* asked about the effects of unloading tlie span. 


that the method of eliminating tho cusp shown in Fig. 41 is 
admittedly an overcorrection. The importance of this correction 
is greater if the trolley tensions are lower. On tlie New Haven 
system, the tensions of the trolley and the auxiliary are lower, 

I think, than on many of the other systems mentioned here 
today. For that reason, the cusp effect is more important in 
their inclined design than it is where tho trolley tensions are 
higher, and the method used in the paper is shown instead of the 
one referred to by Mr. Richmond because it was desirable to make 
this correction apply to all conditions involving even high 
temperatures as well as the normal temperatures. It is true tkht 
if one goes into the mathematics of the paper, the method 
suggested by Mr. Richmond is absolutely correct for normal 
conditions. . 

R. E. Wade and J. J. Linebaudhi Mr. Brown, in his 
written discussion with reference to tests on the collection of 
large currents from overhead wires as conducted at Erie, Pa. 
mentions the use of "more than 7 lb, of copper per ft, of track 
in the contact system alone, 1 ' # 

The actual total weight of copper, installed per ft, of track for 
the tests involving the unusually large current values quoted, and 
for both feeder and contact, was 4.7 lb. maximum with 1,000,000 
cir. mil feeder messenger and 3.92 lb. in the section with 750,000 4 
cir, mil feeder messenger. With multi track work and automatic 
cross ties, these weights would be reduced even for tlie lower 
voltages used. * . 

While it is true that tho recorded tests were conducted with¬ 
out deflectors, hard spots under bridges and pulloffs on heavy 
curves, temporary low bridges were later Installed,-and satis¬ 
factory collection demonstrated with a 1 pei* cent gradient in 
contact wires. Experience on lines in operation shows that 
with two contact wires, flexibly supported throughout, the 
additional wear at such points is negligible with pantograph 
pres sines as high as 35 lb. 

As regards lubrication, while it would of 00111*36 be desirable 
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to operate without this feature, experience has shown that even 
with comparatively infrequent service, satisfactory lubrication 
of contact wires can be maintained, although as stated by Mr. 
Brown, the contact wires within ancl in the vicinity of the large 
yards receive more lubrication, particularly in and near overhead 
switches. This also applies to curves due to wiping action. 

• While it is unquestionably true that generally speaking it is 
desirable to make refinements in pantograph designs as regards 
weights, lighter pressures, and lower inertias, it is commonly 
agreed that coordination in the design of both pantograph and 
overhead is necessary, and there is some question as to whether 
auoh coordination is not approached with the relatively higher 
pantograph pressures in combination with the weight of two 
wires in the same horizontal plane as compared with the very 
light pressures and correspondingly light Overhead construction 
as used in some European installations, 

Mr. Withington in his discussion very properly emphasizes 
the desirability of uniformity of suspension for contact wires, that 
is, the freedom of movement in a vertical plane at all points.. 
By suggestion this of course includes uniformity in weight, 
which of course cannot be realized on account of the necessity 
for overhead switches and certain fittings attached to contact 
wires. From our observation, if the contact wires are free to 
move in a vertical plane at all points of suspension, the additional 
wear imposed on contact wire is reduced to a minimum. 

As referred to in our paper, with regards to the freedom from 
burned messengers with loop hangers, we would suggest that in 
the case referred to, the current demand at locomotive rather 
than the substation capacity would he the determining factor. 

As regards the flexibility of the pantograph shoe mounting, 
while this of course does not compare with the commonly used 
European design, either as to delicacy or range, there is no 
question hut that the small amount of movement provided is a 
valuable asset, particularly with the flexible contact-wire sus¬ 
pension referred to elsewhere. 

There is no question but that on sonm systems contact-wire 
splicing devices are responsible for considerable trouble in that 
the designs commonly used enclose the contact wire and offer 
an obstruction to the collector shoe, which becomes worse as 
wear on the splicing device increases. A splicing device which 
permits uninterrupted contact with the wire and is of the mini¬ 
mum weight consistent with the requirements, will do away with 
this trouble to a large extent. Such a device is available. 

REPORT OP COMMITTEE ON PRODUCTION AND 
APPLICATION OF LIGHT 1 

(Millar) 

.• Detroit, Mich., June 22, 1927 

E. A, Williford i (communicated after adjournment) I 
should like to augment the information given in this rerort on 
the production and application of ultra violet light for medicinal 
and industrial purposes. 

The chief natural source of ultra violet light is the sun. There 
are, However, many artificial sources of nltra violet light, among 
them being the various forms of carbon ares, the mercury vapor 
arc in quartz, and other metal arcs, 

* The emanations from the mercury arc are confined to certain 
bands of wavelengths, especially in the shorter wavelengths in the 
region of 2200 to 3200 Angstrom units, with very little continuity 
of the spectrum. Every different metal gives its own character¬ 
istic quality of radiation when its vapors are introduced into the 
arc stream. It is possible, therefore, to control the quality of the 
radiation by modifying the chemical composition of the elec¬ 
trodes; or, in the case of the carbon electrodes, the composition 
of the core. The following are typical instances: 

Arcs between pine carbon electrodes give ultra violet light 
chiefly of wavelengths from 3Q0Q to 4000 Angstrom units. 

If the electrodes are of nickol or if 'carbon electrodes are 

1. A; I.,E. J?, Journal, October; 102^, p, 1022. 


impregnated with nickel, a large proportion of the ultra violet is 
in a band from 3400 to 3600 Angstrom units. 

Similarly, aluminum gives much radiation in the region of 
2950 to 3300 Angstrom units, while cobalt gives an arc rich in 
the very short wavelengths from 2200 to 2500 Angstrom units and 
again from 3300 to 3500 Angstrom units. 

Iron gives a large amount of radiation through the entire 
ultra violet spectrum. Cerium and the other rare earths give 
ultra violet from 2900 Angstrom units to the visible spectrum, 
quantitatively and qualitatively very similar to the spectrum of 
sunlight, For this reason, carbon electrodes impregnated with 
these rare earths have been found by the Bureau of Standards 
to be the nearest in quality to natural sunlight of any known 
artificial light source. 

The materials referred to above are not toxic. They can, 
therefore, be used as arc electrodes without enclosing globes and 
without danger of toxic poisoning, If required for special 
applications, the arcs can be isolated from the surrounding 
atmosphere by suitably ventilated housings constructed partly 
of quartz or some of the newer ultra violet transmitting quarts 
substitutes. 

These metals, if used as pure electrodes, give satisfactory arcs 
on two or three amperes of direct current. If tho metals are used 
to impregnate carbon electrodes, so as to make the so-oalied 
impregnated or flaming arcs, they can be operated satisfactorily 
on either alternating or direct current at amperages from 2 to 
150. Because of this wide range of energy consumption possible, 
any desired quantity of the particular type of radiation required 
can be obtained with these arcs. 

The known applications of these different types of radiation 
are as varied as the qualities of the arcs themselves. For 
instance, those arcs giving long-wave ultra violet light are espe¬ 
cially. valuable in the photographic, photo-engraving, and blue¬ 
printing industries. 

Tho arcs which give light similar to sunlight are essential in 
dye-fading and paint-testing work where such materials are 
ordinarily to be used in sunlight itself. Artificial sunlight from 
these arcs also is utilized by physicians to augment natural sun¬ 
light or to substitute for it when natural sunlight is not available 
in the treatment of tuberculosis and rickets, ^ 

Other electrodes containing metal are used when it is not 
necessary to attempt to duplicate sunlight. Such cases aro those 
where it is sought only to produce a tan or artificial sunburn. 
Those arcs giving very short-wave ultra violet radiation give 
large amounts of light having a powerful sterilizing or germicidal 
action. 

From the foregoing, it is apparent that it is possible to malco a 
selection of an artificial source of ultra violet light that will boat 
accomplish almost any work which requires the use of ultra 
violet radiation. 

POWER GENERATION 1 

(W. S. Gorsucii) 

Detroit, Mich., June 22, 1927 

Philip Torchio* Electrical engineers should have particular 
interest in following the development of tho size of the generators. 
The report states that there is. a 208,000-kw, unit under con¬ 
struction. It should have said that it consists of three machines 
erpss-compound. If I remember rightly, the largest single unit 
in operation in the New York Edison 60,000-kw. The Edison- 
United Companies have a large cross-compound 160,000-kw. 
unit on order and placed an order June 21 for a 165,000-kw, unit. 
The generators of the unit order last year are, one, 86,000-ltw. 
and tho other 75,000-kw. apd, for the unit ordered yesterday, tho 
generators will be 80,000-kw. each. 

In pointing this out, I am not saying that the manufacturers 
are not ready to make larger generators, because, as a matter of 
fact, for another installation for which we are now securing bids, 

1. A. I. E. E. Journal, September, 1927, P. 910. 
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we already have offers of more than 100,000 lav, in one unit;, and 
probably single units larger than 125,000-lav, will be obtained. 

Another point that I wanted to bring out in this general review 
is that while we are making great progress in saving coal, it is 
nevertheless our duty not to let the public misunderstand how we 
accomplish it. The truth is that we are saving coal by spending 
more in investment in plants. It does not necessarily follow, 
once we consider the total cost, that we are making such radical 
improvements which might lead the public to assume that the 
cost of power is also rapidly being reduced. The cost of power 
is being reduced, but at a gradual, moderate rate. We are 
making great advances in saving coal, but we are putting more 
capital in our plant investment to secure those higher economies. 
An extreme illustration of this is the Dutch Point station with 
the mercury boilers and similar installations throughout the 
country. 

F. A. Schcffler: My discussion of this report is more partic¬ 
ularly an addition to the table of the pulverized-coal installa¬ 
tions in the country. 

The installations in operation last year consisted of an installed 
capacity of 2,200,000 kw. and those under construction, 440,000, 
making a total of 2,040,000-lav. capacity installed. 

Assuming that these stations, of which there are about thirty- 
eight, average an annual load factor of 50 per cent, the output 
would be 9,414,810,000 lav-hr,, and also assuming that the 
average coal consumption is 1lb. of coal per Inv-hr., the total 
fuel used would be 7,061,100 short tons per year. 

During the year 1927, the total coal consumption in public 
utility plants in the United States was 41,245,000 short tons, 

The ratio of the total coal used in pulverized form to the total 
coal consumption, is therefore approximately 17 per conL 
In addition to the above, there are under construction new 
plants and additions to others as follows: 


Station 

Company 

Kw. capacity 
installed 

State Lino. 

State Lino Generating Co. 

208.000 - 

Toronto. 

Ohio River Edison Oo. 



(2-30 POO lew.) 

60,000 

Glonhoad.. 

Long Island Lighting Co, 

26,000 

Trenton Channel., . 

Detroit Edison Oo. 

60,000 

Aurora, Ill. 

Western United Gas & ISloc. Co. 

10,000 

Pekin, Ill. 

Super-Power 

60,000 

Mon taup. 

Mon taup Electric Co. 

■ 40,000 



♦ 

443,000 


With the exception of four or live on tlio above list of generat¬ 
ing plants, all of the stations were new ones built during the last 
seven years. 

There are live or six other utility plants using pulverized coal, 
which are not listed above, because they are not primarily 
power plants for generating current, hut are used more for steam 
heating purposes. Some of these are as follows; 

Puget Sound Traction, Light & Power Co,, Seattle, Wash.— 
capacity about 8500 boiler li, p. 

Allegheny Hoating Co., Pittsburgh, Pa.,—capaoity 10,000 
boiler h. p. 

Loekport Light, Heat & Power Co., Lockport, N, Y,— 
capacity 2500 boiler h, p. 

New York Stealn Co., 36th St. ■& East River, New York— 
capacity 30,000 boiler h, p. 

Rochester Gas & Electric Corp., Lawn St. Station, Rochester, 
N. Y,—capacity 250,000 lb. steam per lir. 

W. S. Goruch* It is important, as Mr, Toroliio lias pointed 
out, to state the type when referring to a certain size generator 
unit. This has been done in every cose in th# report, not in the 
brief outline of progress in the art of power generation, but in 
the description that follows, in which outline drawings are also 
. given for exceptional designs. It will be noted that the plan of 
this]report is first to give a general statement of the trend of the 


art in each class of power-station equipment and then under the 
heading “Outstanding Installations” a full ^description is given 
of the equipment referred to in the preceding general statement. 

Reference has been made to the remarkable economies brought 
about in fuel burning stations and the additional investment coat 
to achieve these results. In this connection I believe because of 
the increasing number of interconnections a comprehensive 
study should be undertaken at tliis time to show the relative 
cost of power of hydroelectric and steam plants, and also the 
relative merits of the two systems. 


POWER TRANSMISSION AND DISTRIBUTION 1 

(PniLip Torchio) 

Detroit, Mich., June 22, 1927 # 

D, W. Roper i This report calls attention to some of the 
lightning arresters and distribution circuits in Chicago. For 
fear that the readers might get a wrong impression, I want to 
add a little to what appears in the report. The lightning- 
arrester records of the several types appeared to indicate that the 
results obtained were not quite what were expected. Further. 
investigation of that point has brought out an interesting feature, 
somewhat unbolted for, in that some of these burn-outs which , 
have been recorded and which have affected our results were due 
to lightning entering via the secondary circuits. The lightning 
arresters we have are on the primary circuits. The primary 
distribution, in general, occupies the top arm and the secondary 
ordinarily the next lower arm. (Sometimes it is on the samS arm 
with the primary circuits, As the lightning potentials which 
appear on the line are in proportion to the height from the 
ground, it is seen that the secondary circuits have been getting 
almost the same lightning effects as the primary. 

We have examined a few transformers—not very many—but 
fts nearly as we can determine from the few which we have 
examined, something like one-tliird of our transformer burn-outs 
have been due to lightning wliioh entered the secondary winding. 
We can hardly blame the lightning arrestors which are connected 
to the primary circuits if some transformers burn out due to 
lightning entering on the secondary circuits, 

S. J. Roschi The report under fhe paragraph on Under¬ 
ground Cables, says, "There is a pronounced drift toward the * 
use of single-conductor cables and three-conductor metal- 
sheathed unbelted cables,” I believe it would be highly advis¬ 
able in view of its importance, to include in this report some 
figures indicating the quantity of the latter type of cable now ip # 
use in this country, Undoubtedly, many operating engineers 
in making up their 1928 budget, will naturally look to this and 
similar reports, for an indication of what type of cable to purchase 
for their tlmeo-phaso circuits, whether to use three-single con¬ 
ductors, the regular belted tlireo-conductor cable, or the metal- 
sheathed unbelted type. It would also be of valuo to haWsomo 
figures on the probable use in the near future, of the latter type 
of cable, 

Alfred Herzs I have one question in mind in regard tebthe 
nter-bonding or grounding of cable sheaths. We all realize 
that considerable longitudinal voltage makes its appearance in 
those sheaths, especially in a sheath surrounding a single-conduc¬ 
tor cable. What is the practise in talcing care of, or rather in ♦ 
avoiding detrimental effect when you bond or ground such cable 
sheaths? 

Philip Torchio: Answering Mr. RosolTs inquiry as to 
what per cent of three-conductor cable is now of the metal- 
sheathed unbelted type, I think there is a very small amount in 
use at the present time but several manufacturers are ready to 
make it and a considerable demand for it is anticipated. 

Regarding the surge voltages on underground cables as 
indicated in the report the maximum recorded was 4.6 times 
normal. Now a cable which is operated at 40 to 50 volts, per 
mil is tested at about 165 volts per mil so that the normal 5- 

-.. • • 

1. A, I. E. E. Journal, July* 1927, P f 091. , 
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min. test voltage is about four times the normal operating volt¬ 
age. There remains still a large margin above the test voltage 
before actual breakdown is reached so that a surge of 4 6 times 
normal especially in view of its brief duration should not give 
• deterioration. This is in further explanation of the Committee’s 
intent in giving that view. 

Replying to Mr. I-Ierz's question about taking care of the 
induced voltages and currents in the sheaths of single-conductor 
cables, that can be done by providing insulating joints in the 
sheaths and cross connecting the insulated sheath sections in 
suoh a manner that the induced voltages are counterbalanced. 
As an alternative the insulated sheath sections may be grounded 
at one end giving a voltage normally of a few volts at the other 
end of the section which may under short-circuit conditions reach 
values of the order of 100 volts. 

t Hal r, r, "‘ (com,,u,nie ater! after adjournment) 

In fcluf last part of the report, there is a discussion regarding the 
migration of oil from oil-filled joints into cable, and it is stated 
that the oil no doubt reduces or possibly eliminates voids, 
especially near the joints.” Then, at the end of the same para¬ 
graph is the following: “The use of such oll-fllled joints makes it 
. possible that satisfactory single-conductor cables of the usual 
type of construction may he obtained for operation at 110-kv 
a-pha-se.” • - 1 

Up to a few years ago, joints wore tho limiting feature for 
underground cables in going to higher voltages, but with the 
recent development in joints, this limit has been removed In 
connection with tho last quotation, if the cable as it leaves the 
factory is not of a quality -to give satisfactory operation at 
HU-kv., 3-phase, then, according to experience with cable made 
m the past year, the addition of oil-filled joints will not make 
the cable operate satisfactorily. Apparently, this was not the 
intent of the quoted statement, but one might infer it from 
reading the report. Operating and laboratory data indicate that 
the principal factors necessary to obtain satisfactory 110-kv 
cable are either to improve the quality of cable insulation 
furnished in cables of ordinary construction, or change the cable 
construction, or both. 

, In Chicago, No. 10 transformer oil has been used for filling 
about 150 three-conductor, 33-kv. joints and 750 single-con¬ 
ductor, 75-kv. joints. There have been occasions to examine 
the joints and cable adjacent in connection with cable failures' 

. and tlle insulation next to the joint has been usually found well 
impregnated, partly due to the migration of oil from the joint 
into the cable insulation. However, considerable deterioration 
has been found in the cable insulation as close as 2 ft from the 
joint. 

In connection with laboratory tests on 75-ft. lengths of single- 
conduetor, 75-kv. cable and also with lengths that had been in 
service several months, dissection has shown that the distance 
the oil traveled from potheads or joints, varied from a few feet 
next^o the sheath to a.maxhmim of about 50 ft. along the strands 
of the conductor, depending on tho kind of impregnating com- 
pound in tha cable insulation. The penetration of the oil ^ 

readily into the insulation was for only a few layers, except for ' 

.the few feet of cable ramediately adjacent to the potheads or 1 
joints. 1 

Operating experiences with underground lines and tests on * 
cable samples have indicated great variations in the qualitv of 
insulation along the length of cable. 1 

Apparently tho effectiveness of oil in improving the quality * 
of the insulation is practically limited to only a few feet, which is C 
very short in comparison to the length of a section of cable be 

tween manholes that may bo 400 to 700 ft. long. j 

W. A. Del Mar, (eommunioated after adjournment) The d 
maintenance of impregnation is now recognized as an essential s 
element of success in tho operation of high-tension cables and " 


——- journal A. I. jjj, ]j] 

the report clearly caUs attention to the distinction between the 

0 ' 1 ; flU 1 l J 1 ° lntS WI 7 r0servo ™ md the hollow-core type 
used on the 132-lcv, circuits at Chicago and New York. 

r ) irf^i di f iUOti ° nwWchmightbemacleis ketiveeii two va¬ 
riants of the former type, namely, cables in which the reservoirs 
are used merely to maintain tho impregnation and those in which 
they are used to maintain a definite pressure within the cable 
The former type is subject to limitations, especially where the 
cable is impregnated with a jolly compound, as tho reservoir 
oil penetrates very slowly, and there is a tendency for the residual 
air to accumulate near the center of the section of cable. Tho 
latter type i. « where the system is designed for pressure main¬ 
tenance rather than penetration, assumes that air will be present 

Sr2 68m r f T making il hal ' mtess ' This is done sub- 
! ,T . to “eh pressure that it will not ionize at tho 
existing dielectric stress, 

D«wTn mental insta,lati011 ° f a** Mud has been made in 
Delict, bellows reservoirs being used, which are kept under a 
pressure of approximately 0.4 atmosphere above normal by 

“! 1 W0,gltec l ® V . er - Tho desired Pressure was prede- 
eunmed as indicated in the discussion of my paper on The 
Effect of Internal Vacua, Jouhnal A, I. 13 . 13 ., Oct. 1923, p 1012 
ns,, the maximum dielectric stress in the cable was calculated 
and the air pressure determined at which thin air films begin to 

above this pH The ^ervoir pressure was set slightly 

It is obvious that the success of this pressure system depends 

is°Sv sow nt 7 -f® ' ,S6 ° f Cab ‘° im P re &'oating compound which 
is fan ly soft or fluid at operating temperatures. 


APPLICATIONS TO MINING 'WORK 1 

(Lesser) 

Detroit, Michigan, June 22, 1927 

if MacCutcheon» I should like to ask the committee 

if they can give us any more detail on the progress in getting 

of Mines 8 > an unqualified approval of the Bureau 

. . .' } llnc lerstand it, they give limited approval to 

tam types of apparatus. I havo not yet learned that they 

f ll°, U TH ed ° f types for ,,se ia ffasoous mines. In 

two 1,8 Pe ° P ° ° f t ,Q BlU ' eau ofMines at Pittsburgh about 

two years ago, my conception was that they are approving 

apparatus because it is the best there is, but it is not thorough!? 
at ;^ 0r -r' ,^ h Z said tllat if ' the y used tests that they woulJ 
Ifnod ft ed W1 m/ tllere was nothing-on tlie market that would 
nm™l th wi T l6y Sait ,’ “ We are not giving unqualified ap- 
1 ,'. r V ) befl we get the n e ht kind of apparatus, we will give 

S3S5SS’ 1 w “ * —— -1* 

+1 ®: * Jcn . Iy ' , Under tlle subject of permissible equipment, 
for alonS thne t0d F y eettlafif mU f e T'ipment wliichit has needed 
wb„? n 0ry r C ° ° f P ermissib I® equipment is given it 

vliat the Bureau calls a permissible approval plate ” That is ■•■v 

llXZtr? 7 l0 7 513 “ iS the oonSon in whit* 

ciTl “limited ” 1USIK,cted - so » 11 is what you might 

Asulo from that, there is being developed'other equipment 
which is not strictly permissible, but is of a better ty?e for 
mming service. That will probably result in whaTwemight 
call “a seim-permissible type of apparatus.” g 

M '?p“‘ 1 ^ eSS , er: Th .° on Jy question to be answered was Mr. 
MaeCutqheons question, and Mr. Gealy answered that. I 
don know now whether the Bureau of Mines will issue a plate 
showing unqualified approval. 


1. A. 1 , E. E. Journal, October, 1027, p. 1032. 
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AN INVESTIGATION OF CORONA LOSS 1 

(Starr and Lloyd) 

LAW OF CORONA AND DIELECTRIC STRENGTH 

(Peek) 

Detroit, High., June 24, 1027, 

V- Karapetoffs The diagram of connections used by the 
authors permits of obtaining an oscillogram of the total current, 
consisting of a reactive charging component and an in-phase 
energy component. In some cases it may bo of interest to obtain 
a picture of the latter component alone. Perhaps this could be 
accomplished by some differential arrangement; that is, by using 
a condenser which takes the same reactive charging current as the 
conductor under test but has practically no corona loss. The 
high-voltage side of the step-up transformer would then be wound 
for a double voltage, with the middle point grounded; the added 
condenser would he connected to the other terminal of the 
transformer, and the resistance R a would be connected to the 
neutral point. Only the difference of the currents taken by the 
conductor under test and the perfect condenser would flow 
through R z . 

A Mechanical Transcriber. With an increasing use of the 
cathode ray oscillograph in practical work, the problem of rapidly 
transcribing records with a sino-law axis of abscissas to those with 
Cartesian coordinates becomes one of considerable importance. 
Where hundreds of similar records have to be transcribed, the 
tedious point-by-point method of transfer of individual ordinates 
can , hardly be considered satisfactory. A mechanical trans- 



To operate the transcriber, the crank is turned slowly and at 
the same time the carriage is moved up aqd down in such a way 
that the stylus always remains on the curve. The pencil then 
traces the transformed curve. When many oscillograms are to 
be transcribed, one person should turn the crank and another 
operate the carriage. 

Determination of Power Loss by Weighing . When power 
loss is to he evaluated regularly from a large number of oscillo¬ 
grams, tlie point-by-point method described in the paper may 
prove to ho too tedious. It is necessary to measure a large 



Fig. I 


number of ordinates, multiply each by the .sine of an angle, and 
add the products, keeping tlio positive and the negative quantities 
separate. An automatic method of weighing may prove useful 
in such cases, especially since it enables 11 s to use a much larger 
number of ordinates with a comparatively small additional re¬ 
quired amount of time. The principle of the method is shown 
in Figs. 2 and 3. For the sake of illustration, wo shall assume, 
with the authors, that it is sufficient to divide each cycle into 
20 equal intervals of time, A t, each corresponding to 18 electrical 
degrees. Replacing integration approximately by summation, 
the average power, P, per cycle may bo written in the form 

/ *= T 

P - (l/T) XV i m c m A l 


where T is the duration of a cycle, and i m and e m are the average 


scriber is a device consisting of kinematic connections with a 
stylus at one end and a pencil at the other. By going with the 
stylus over the outline of an oscillogram on a photographic 
film, the penciL is made to draw on a strip of paper tlio correspond¬ 
ing curve in rectangular coordinates. 

In order to enable those interested to build a mechanical trans¬ 
criber, the underlying principle is shown in Fig. 1 herewith. 
The film containing the record is fastened to the platen 2-2, 
which has a slot, 3. A pin, 4, attached to the crank, 5, can slide 
in the slot. When the crank is turned by means of the handle, 6, 
the platen and the oscillogram perform a harmonic motion along 
the X-axis. The same crank, through the friction wheel, 7, ‘ 
drives the table 8-8, to the left. A strip of paper is fastened to 
this table, and flio pencil, 15, draws a curve in Cartesian co¬ 
ordinates, It will he seen that by means of this mechanism the 
sine-law, abscissas are wiped out/and abscissas proportional to 
time are substituted. 

To transfer ordinates of the oscillogram from the platen to 
the table, the carriage 9-9, with a crossbar, 10, is used. The 
carriage can be moved up and down on £he rails 12 and 13. 

* The pencil, 15, is attached to the carriage by means of the bracket 
14. The stylus, 11, is fastened to the crossbar, 10, 

1. A.I. E. $5. Journal, December 1027, p. 1322, 



values of current and voltage during the small interval A t. In . 
Fig. 2, the curve, a h e d f h t represents a loop obtained ex¬ 
perimentally, with sine-law abscissas, The circle, N is- drawn 
with a radius equal to the amplitude of the voltage, E — 

O g = Ok. The circle is divided into 40 equal parts, corresponds. 
ing to 9 deg. each. Thus, the arc p corresponds to the interval; 
A U and r h the middle point of this interval. O s is the mean 
voltage e m during this interval, and s v is tlie corresponding 
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mean current, i w . Similarly, the ordinates x t y, etc., mark the 
micldlo points of the consecutive intervals A t . The abscissa 
Os- B sin 9 dog., Uio next abscissa Oz = E sin 27 deg,, etc. 
Thus, eq. (1) becomes 

P ~ (A l/T) B [ mi sin 9° + i m sin 27° + etc.] (2) 
Instead of scaling off the ordinates and multiplying them by 
the sines of the corresponding angles, the simple balance beam, 
shown in Fig. 3, may bo used. It is provided with notches at 
"distances from the center proportional to sin 9 deg., sin 27 deg., 
etc. The beam is supported in the usual way on a knife edge 
at the center, has a pan P at one end and a counterweight, Q, 
at the ofchor ond* to balance the pan, Some strip or wire of 
uniform weight per unit length is provided, so that lengths can 
be measured by weighing. Let a piece of length, $ v , be cut off 
9 and*placed in the first notch to the left of A. The turning 
moment exerted upon the beam will be proportional to i mi sin 
9 deg., that is, proportional to the first term within the brackets 
in eq. (2). 

“Corresponding strips are placed in the remaining notches. 
Tho ordinates in the quadrants I and III of the loop give positive 
values o 8 torque (counter-clockwise), and those in quadrants II 
and IV contribute to the negative torque. Having placed all 
•the strips, the beam is balanced by putting some strip in the 
pan P, Lot the leugfch of this strip be 1. If the pan were placed• 
at the distance p from A, corresponding to the radius of the semi¬ 
circle M t tho length I would rep esent the value of the expression 
in the ^rackets. If the pan is at a distance p 1 , the corrected 
value of /, reduced to the arm length p, is 1 (p'/p), All the quan¬ 
tities in eq. (2) being known, the power P may be readily 
computed. 

£ The number of strips may be reduced to one-half by re-chawing 
the parts of the loop in the quadrants III and IV in quadrants I 
and II, as shown by the curve b c l d l f , This can be easily done 
by folding the film along p p l . In this case, instead of cutting a 
piece of strip equal to s v, and later one corresponding to s v\ a 
piece of length v a 1 can be cut off at once, covering both positive 
quadrauts I and III. Similarly, a piece of length w w l will 
tak care of both negative quadrants. Since both strips act 
on equal lever arms, the net results on the beam is the same as 
if piece of lengths v w l and to 1 v l were placed on the positive side. 
$his proceduro of using different pieces on the beam may be used, 
if it appears to be preferable. 

Other Uses of Weighing . A similar method of computation by 
weighing may be used in other cases when the unknown quantity 
in ofr the form 

Q = ax -p by + cz + etc. (3) 

wherein a, 5, c, etc,, are known constant coefficients, and x t y, 2 , 
©to., are some measured quantities. In a balance beam, notches 
are then made at distances o, 6, c, etc. (positive or negative) 
from thd knife-edge support, and strips of paper or metal, or 
wires of lengths or, y, 2 , etc., are placed at these lever arms, 
keeping in mind the sign of each product. The length of wire 
or atrip, necessary to balance the beam, multiplied by its distance 
from tho center, will give the value of Q in eq. (3). The follow¬ 
ing examples may bo cited: 

(a) In cost estimates, where a, 6, c, are unit costs and x t ?/, z 
are quantities of materials, 

(b) In computing the voltage drop along a line with branch 


angles, 8 By providing a balance somewhat liko in Fig. 2, and 
another with cosine notches, the amplitudes of harmonics can bo 
quickly and accurately determined. Two balance beams aro 
necessary for each harmonic, so that the arrangement would 
pay only when a largo number of waves are to bo analyzed, 

C. F. Hardings Referring particularly to the refer once to 
the loss due to corona, it may be well to point out that thoao 
papers confirm the importance of attacking a problem suoh as 
this from many different angles, in many diHuront sections 
of the country, and on many different transmission linos. 

Beginning about the year 1912, and extending through 
several papers before the Institute, and a number of discussion a, 
results of net losses due to corona on various transmission and 
experimental lines have been presented by various authors, and 
compared with the theoretical values, t. e, f tho empirical equa¬ 
tions which have been developed in various laboratories. 

In most instances, those losses have compared favorably with 
the results calculated from the formulas which liavo boon de¬ 
veloped by Mr. Peek, and which have been repented in this papor, 
■That is particularly true for tho losses at relatively low voltages, 
such as those up to and slightly exceeding tho critical voltage 
between wires. If the net loss due to corona calculated by Pock's 
formula be plotted in lav. as ordinates, and the kilovolts botwoon 
cables or between one cable and neutral be oxprossod as abscissas, 
a parabola results as indicated in tho paper. If tho actual not 
loss due to corona be plotted for an experimental line or for a 
transmission lino operating under the same conditions, i % o. f 
the same frequency, density factor, sizo cables, spacing, 
etc., this curve cheeks very closely at low voltagos with 
the quadratic curve. In many instances the test curve wna 
found to be slightly liigher in the lower range of voltage, 
but had considerably lower values of power loss throughout tho 
higher ranges of voltage. 

In other words, if we assume that tho net ctfrona loss in lew. 
is equal to some constant multiplied by the squaro of tho differ¬ 
ence between impressed voltage and critical voltage, tho quad¬ 
ratic law of Peek's formula results. Actual tests show a curve 
of smaller loss and less slope at the higher voltagos; at least on tho 
lines at Purdue University, This would seem to indicate that 
either this exponent (2) is a little high, or that tho critical voltago 
E 0 varies with the voltage E impressed upon tho line. Possibly 
both conditions exist simultaneously. Actual values for tho 
exponent—call this N —have been of tho order of 1.55 to 1.7 but 
always less than the 2 of the quadratic law of Peek. 

In the paper presented by the speaker in 1924 at the Pasadena 
convention, the result of the possible increase of this i> e n 
the disruptive voltage of air, because of the formation of tho 
coronal cylinder of greater capacitance, at these higher values of 
voltage, was suggested. If wo consider that thin relatively largo 
conducting cylinder of ionized air which lias boon termed tho 
coronal cylinder does exist about the cable at extra high voltages, 
in other words, if we take the assumption of the papors presented 
by Messrs. Peek, Lloyd, and Starr, it is probable that tho critical 
voltage E 0 at this point, as the result of the larger capacitance of 
this larger coronal cylinder, does change materially with those 
very high voltages impressed between cables. Wo aro dealing 
with the critical voltage at the surface of the coronal cylinder or 
some other intermediate point rather than tho voltage at tho 
cable itself. " 3 


Tho factors a, b, c, may then represent lengths and *, y, z, 
load currents. 2 1 Ui * 

( 0 ) When analyzing an irregular wave into its harmonies, 
equidistant ordinates are multiplied by the sines of certain 

U 2 ’ il En8 lT rlne Mathematics (Wileys), Part V, Chapter 

mArlrnk . . 0a ? J \ d ? y ® of ^loal engineering, a German firm used to 
ahuplo balance on which one could "hang amperes’“t proper 

2KS2T j?* ^ lanC0 tUom by a wcl8bt to the pan. The weight were 
“ imm0t0ra ’ to [ DdJc *to the required cross¬ 


of tests on transmission lines where net losses duo to corona nr 
determined very accurately from wattmeter measurement i 
the high-voltage circuit itself, to bring these teat relations int 
conformity with, or oonversely, and more appropriately to brin 
the formula into oonformity with the empirical functions ostat 
lished by suoh tests. , , 

The impor tant feature of this, it seems to me, is the foot tha 
Ed 3 l’« 0 n.’p K 677 P0tO ' 1 ' ExBei ' imontal Eleotr(cal Engineering, Vol, II, Thir 
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in practically all these tests, made oyer a long series of years, 
including a large number of spacings of cables ranging from 18 
ft. to 38 ft., with sizes of cables from No. 0 up to 300,000 cir, 
mils stranded, that the Peek formula is a yery conservative one, 
and that the corona loss actual^ is considerably loss, at these 
higher voltages, than would be indicated by the calculations. 
We are on the safe side, therefore, if we design transmission lines 
in accordance with that formula. 

The statement is made, however, in the papers under dis¬ 
cussion that tlio line should not be operated at or above the 
critical voltage at which corona forms; L e., under dry-weather . 
conditions. Designing for that voltage means that such a line 
will operate in many cases with considerable corona formation 
upon it, as many have noted substations and lines in more or less 
continuous operation with corona formation. It is important, 
therefore, to determine both by tests in laboratory and on 
operating lines just what this difference is between the two 
curves at the voltages in excess of the critical voltage. 

W. F. Davidson: Mr. Lloyd and Mr. Starr described the 
method they have been using with the cathode ray oscillograph 
for studying corona formation. A short timo ago I tried a simi¬ 
lar tube in studying the distortion of current through a cable 
sample, with the idea of determining whether there was corona 
formation. 

We used basically somewhat the ideas suggested by Professor 



Karapetoff of eliminating the straight capacity component of 
the charging current through the samples. 

The supply transformer in this case was grounded at one end; 
the sample S connected as indicated in the accompanying Pig. 4 
and brought down through a small resistance to ground, the no- 
loss air condenser C connected in parallel through a correspond¬ 
ing resistance, in fact, two resistances. The cathode ray is con¬ 
nected with one plato so as to take the drop V a — V a giving a 
deflection proportional to watt-component current through the 
sample in the test, now, by controlling the total resistance R we 
had the possibility of shifting the base position of the current 
through the air condenser. That was sometimes of value and of 
help. 

The other component was obtained in two different ways, in 
the first work, mupli as Mr, Lloyd has described, by taking the 
potential applied to the transformer. Wo found considerable 
difficulty in using our particular tube, however, because neither 
axis was straight; that is, the pattern instead of being straight, 
gave two rather distorted curves. 

In order to overcome that difficulty, we made a calibration 
in the direction of abscissa, corresponding to these deflections, 
then we arranged our timo curve. These were controlled by a 
phase shifter P, that was supplied from the same primary as 
the transformer, The cyelogram would then appear in various 
* forms, and we would shift the thing around, changing the phase 


around, changing the phase shifter until the particular point 
we were interested in was on the central axis.and then we scaled 
this point. V 

There were two operators, one reading the phase shifts and 
the other heading the ordinates, and it took only about a minute 
to get a complete record. We were rather disappointed in some 
of the results because although they were very satisfactory in a 
qualitative way, we were not successful in getting them in a 
quantitative way.- Perhaps we could do better with a tube that 
did not have such a badly distorted pattern. 

J. Ryan: (communicated after adjournment) The results ob¬ 
tained by the authors of these corona papers qnd their corre¬ 
sponding conclusions will help greatly to establish a better under¬ 
standing of the nature of corona. During the past four years by 
independent effort we have arrived at substantially the same 
results and corresponding conclusions. Our studies during the 
past year were mostly concerned with the mobility and make-up 
of the space charge and the manner in which its portions h&ving 
constant and alternating polarities function". 

Three methods have boon used successfully for the oyclic 
study of corona by means of the cathode my tube. In the first • 
of these the ray-pointer is deflected olectromagnotically. 4 ' 6 In 
the second the deflections are produced electrostatically so as to 
yield quadrature ray-pointer deflections proportional to the 
voltage and to the rate of increase or decrease of the current in 
instantaneous relation. Thus the ray-pointer develops areas 
proportional to the time-integral of the volt-amperes or energy. 6 
Tlio third has been used by Mr. Peek and his co-workors. In it 
the ray-pointer is also actuated electrostatically and yields 
deflections proportional to simultaneous values of voltage and 
current. The first and third methods produce volt-ampere 
oyclograms and the second energy oyelograms, 

The first avoids the necessity of using electrostatic deflectors 
mounted within the cathode ray tubes but requires a great 
variety of deflector current coils and potential-circuit resistors, 
some of which arc expensive. Electrostatic deflectors mounted 
witliin the cathode ray tube are used in the second and third 
methods. Externally mounted electrostatic deflectors are not 
satisfactory because of the bound olmiges that assemble on the 
inner walls of the tube opposite the deflectors. We liave used 
the three methods and recommend the use of the second and 
third. The choice depends upon, the character of work to be 
done. Occasionally both are required in the same undertaking. 
Because a condenser must be used in the current circuit of the 
energy cyelograph it cannot be used when more than a meue 
trace of rectified current is present. Such current when small 
enough may bo successfully bypassed with a "leak” of the proper 
value. Again when the observation of sudden changes of current 
or e. m. f. are to be made the energy cyelograph being' a volt- 
ampere-time integrator, is loss helpful and the electrostatically 
operated voltage-current cyelograph should then be used. 

Following the recognition of the presence of the space charge 
that surrounds a conductor in corona it was found that the 
corona loss equals the energy that is dissipated in the &i*bce- 
cliarge condenser at unity power factor subjected to the voltage 
in excess of the critical voltage, i. c., voltage above the lowest 
voltage that will sustain a fixed brush pattern. 7 Thereafter the 
capacitance and position of the space-charge condenser were * 
studied with the energy cyelograph, using cylindrical barriers 
around the conductor to fix the radius within which the space 
charge is confined. 8 Those studies were then followed Ify others 
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to detormino the central radial position of the alternating portion 
of the apace charge by moans of the potential exploring wire, 0 

During the past year my co-workers, J, C. Carroll and J. T. 
Lit sign am, Jr,, have tudied the cyclic character of the ion-content 
of the space charge. One of tlio many purposes of the study 
was to add to the background of knowledge required to improve 
interpretation of ’ the observations made with the potential 
ox]) 1 oration wire and to understand the function of the constant- 
polarity portion of the space-charge function in alternating 
corona formation. The corresponding results and conclusions 
are being embodied in a paper soon to be presented to the 
Institute. 10 $ 

It has long since boon known that the values of positive and 
negative corona-forming voltages differ. Dependent upon the 
* particular conditions the difference varies from zero to a con¬ 
siderable fraction of either polarity of the critical voltage. The 
rectified portion of the space charge in alternating corona is 
caused by this difference. For oxample if the critical voltage is 
greater when negative than when positive, the magnitudes of the 
corresiwncling space charges will have to be in reciprocal relation. 
’When the conductor requires a higher negative than positive 
corona-forming voltage there will be formed and maintained the 
larger space charge from the positive to the negative voltage 
crests; and correspondingly the smaller space charge from tlfe 
negative to the positive voltage crests. This gives rise to the 
phenomenon of ‘‘rectification 11 that is often witnessed in the 
studji of corona. The portion of the space charge having con¬ 
stant polarity will increase the strength of the field attached to 
tho conductor as *4110 voltage approaches one crest and will 
d niinish it as tho voltage approaches the other crest. Thus the 
differences of the positive and negative critical fields and their 
corresponding initial voltages from their averages are compen¬ 
sated for by the presence of the constant-polarity portion of the 
space charge. It follows, therefore, that the initial value of the 
oyclio critical voltage must be as much below the value of the 
crest voltage as it is above the value of the subsequent critical 
voltage that starts corona formation in the succeeding cycles 
and that tho positive and negative critical voltages must be equal, 
hrom the naturo of thingsdiere set forth power-transmission con- 
■ ductors operated in corona will display constant polarity high 
potential phenomena to a limited extent and the direct currents 
thus set up in ionic mobility from the conductors through the 
air and over the insulators to earth are not likely to develop 
effects of much practical importance. 

*The model of corona given by Mr. Peek is helpful for gaining 
an understanding of the essential features of corona. The 
theory of this model ns developed in our studies was given by 
Messrs. .Hesselmoyer and Kostko in connection with Pig. 14 
of then paper on the Nature of Corona.* Guided by this theory 
we made up in the summer of 1926 a model such as described by 
Mr I eek, using a pair of Leyden jars with a spark-gap in parallel 
wth ono of them. It produced artificial corona cyclograms quite 

hke myelogram No. 4 in Pig. 6 of the Hesselmeyer-KoTtko pS 

eilM^ nSr S -?’, 8l . lt Sid ° (l ,,araUeloBra ™ that theory 

arewitne^'fnT V* ^ "*** 0,0 nlinor ^partures that 
are \vitneasod m actual corona wherein the space charges are 

.mohiio. See for example tho group of cyclograms in Pig. 10 

fr ° m “ SinBl °- pl,ase lino mounted in the 
open to v. Inch corona forming voltage was applied 

oh£IUT!S.r UP oonform Morally but not exactly to the 
oblique parallelogram wherein tho slopes of tlio sides and Bn d. 

determine tho values of the capacitances of the conductl and 
Eo nTalid"' 1 Wl,erei " tb ° tlBImrtures from «« straight sided 

JSf t « 1 ? 2353 ' r ,,,e T ros the 6flfects due to 

not included, necessarily so. in the incomplete theory 


a. i. B . e. S: 


such as conduction (thermal dissociation) and ionic mobility 
actions that Mr. Peek properly sums up in liis paper by tlio phrase- 
"corona arcs.” 

As a result of these, studies we arc convinced that Mr, PooJc 
is right in his conclusion that the powor-loss-voltago rotation 
in full corona formation is a rational quadratic bocauso of tlio 
space charge condenser. He is also right in recommending that 
care be used to avoid mechanical injury to tho surface of tho 
conductor. One should note, however, that losses due to local 
corona are greatly dependent upon tho uniformity of tlio physioal- 
chemical regularity. Greatest regularity is required to produce 
minimum local corona loss, since the maintenance of a smooth, 
polished conductor is not feasible. We havo found this to bo so 
for local corona loss when the mechanical irregular!tios or rough¬ 
ness of the surface of the transmission conductor havo boon 
carefully avoided. The local corona losses nro likewise depen¬ 
dent to important extents upon the humidity in tho air and tho 
crest and effective values of tho voltagos. Bocauso of tlio prom¬ 
inent part that the space charge oondensor takos in corona 
formation one must expect tho cyclic loss to bo dependent upon 
the crest value of tho voltage; again becauso tho space charge is 
mobile its containing condensers do not have flxod valuo, and 
one must expect the cyclic loss to bo dependent also upon tho 
effective value of the voltage. 

The local corona studies hero referred to woro made by our 
graduate students Messrs. Drodjin and Wiodoman and will bo 
embodied in a paper that they will offer for publication at an 
early date. Local coronas are simply scattered brushes. In 
the local corona loss-voltage relation the numbers and positions 
of the brushes are large factors, which in turn depend upon tho 
smaller factors just specified.all of which in tho full corona loss- 
voltage relation are of little or no importance. Local corona is 
an instability complex and much systematic study imdor ail 
relevant conditions will have to bo promulgated to know what 
high-voltage conductor diameters, and insulator hardware forms 
to adopt to meet all requirements. 

E. C. Starr 1 Professor Karapetoff and Mr. Davidson Jiavo 
spo fen of neutralizing the charging component of tho current 
wave. We. considered that, inasmuch as tho portion of tho 
gure that is said to represent charging current is not, strictly 
speii ung, on y charging current ns based upon the capaoitanco 
of the wire itself, but charging current based upon tlio capaoitanco 
o the wire as affected by the motion of tho spneo charge, wo 
bought it IJfcst to leave it all in to show tlio wholo wave. That 
suggestion, however, would allow us to show only what tho corona 
does and under certain conditions would be useful. 

W 7‘ iT?" Spoke of bis tubo Bivin £ a xos that wero crooked, 
j the 1 !™ r 6 n' Kht ‘° n woldd be bro «f?lit about if tho soureo 

iii h :rr ,c ' uso< to 0 ^ 0 f ««, mti* 

nkce the d " T P aC0d t0 ° near tho tubG * rt is aeoouuy to 
place the source at a distance of 3 or 4 ft. from tho tube in order to 

distortion^of p im ^ t ! u ' ollBhout tho tub e and thus eliminate 
1 ” B0 ”“ e th “ “■ ~ th ” »' 

Professor Karapetoff’s meohanipal devices are very olovor 
“l* be „„M wtara to wk „,, !lon , 0 °„ 

on rra^rinnU^' ^ * S very difficult to estimate corona loss 
to deTermit r ^ m?"** acc " raCy beoa,,86it ia very difficult 
variaS™ n<Utl ° nS along a lonB ]ine 5 ^‘ere are so many 

meMurod'un^r! ““ diameter is and tho loss is 

J .T tlm n ™1 ,• T mi h0n volts - ifc bo found that, at 
^st, the quadratic law obtains up to a very high voltage 

Viadrade T^eT^ T 3 to fal1 below tho original 

quauraue. It eventually follows another quadratic The now 

curve, if extended, will be found to cut the Lets at a new miS 

“ratvee of' th ® where thc Aviation occurs, the 

S L » S ,°T na dl 1 scbai ’ ge Great “cart- 

form around the conduotors. These cartwheels sepa- * 
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rate, act as shields, and change the whole electrostatic field, I 
do not think it is a practical condition because this deviation 
from the quadratic occurs at many times the operating voltage 
for the conductors. It is amazing, in fact, that any law is fol¬ 
lowed at these high voltages. 

It seems to me that operation should be below the critical vol¬ 
tage for fair weather. It is practically impossible to eliminate all 
loss in wet weather. It is thus important to determine the 
irregularity factors for various types and sizes of weathered 
conductors. This offers a good held for investigation. 


RECENT INVESTIGATIONS OF TRANSMISSION-LINE 
OPERATION 1 

(Hemstreet) 

Detroit, Michigan, June 21, 1927 

G. H. Doan: The top wire of our 120-kv. lines is very 
much more susceptible to flashover and damage than any of the 
others. We had concrete evidence of that last year when a 
lightning stroke hit directly on a radio tower which was very 
close to the liigh-voltago lines. A ldydonograpli about a quarter 
of a mile away showed that there was about 5 times normal 
potential on the top wire, 3.3 on the middle, and 2.7 on the 
bottom, That, however, did not cause flashover, and did not, 
of course, cause opening of the oil circuit breaker. 

This is further borne out by the position of broken insulators. 
The record for last year shows that 77 per cent of the insulator 
flashovors wore on the top wire; 19,4 per cent on the middle, and 
only 2.8 per cent on the bottom wire. 

We have also some very interesting data a-s to the good of 
ground wires. We started our 120-lrv. system, and ran it during 
tlio season of 1925 without a ground wire on that portion which 
was working. During that season, we had 114 automatic switch 
openings. Duriifg the winter it was equipped with a ground 
wire, and the following year, (in 1926), we had 7 openings, 
which is a reduction in switch openings of practically 94 per cent. 
The storms which passed over that area decreased 47 per cent, 
so that there is a possibility that the storms which we had were 
not so severe, and wo certainly know we didn’t have as many of 
them; but it seems that the ground wire had afforded quite a 
little protection. 

Mr. Hemstreet points out that in dry sandy country he has 
experienced many more flashovors than in the lower districts, 
We also find that is true. In one particular seetkn, where the 
land is rather high, rolling, and sandy, and the ground resistance 
rather high, wo have experienced, I think, about 50 per cent of the 
flashovors of which I spoke. • 

R. L. McCoy* Mr. Hemstreet has pointed out the advantage 
of the longor-spacecl suspension insulator. It has always been 
the policy of the Looko Insulator Corporation to recommend the 
use of a relatively long-spaced suspension unit. 

A few years ago the major insulator problem was that of pre¬ 
venting puncture of the units by the voltages impressed upon 
them. That problem is now well in hand and the major problem 
is *to prevent lightning flashovors as much as is possible and as is 
feasibly economical and to prevent the attending damage. 

Researches which have been made by Mr. F. W. Peek have 
shown us the nature of the voltage impressed upon line insulators 
by lightning. 

It is desirable‘that we study the action and characteristics of 
line insulators under these voltages. The lightning generator 
has given us an opportunity to make these studies, A very 
careful investigation has been made with lightning, We find 
that with all types of suspension insulators regardless of the 
spacing, cascading occurs. This fa<3t is^borne out by Mr. Hem- 
street’s experience, • 

The reason for this is found in the"fact that the distribution 
of the voltage impressed on the various units of the insulator 


1. A. I» E, JotmtfAL, November, H27, p, 1211. 


string is not uniform. The line unit bearing the brunt of the 
surge flashes over before the remaining insulators flash over. 
This, then, makes the speond unit from file line at the same 
potential as the line and it flashes over, The flashover therefore 
is progressive, one unit at a time, with the arc striking to each 
insulator cap. The power arc follows the path of the lightning 
arc and starts as a pure cascade. This accounts for a large 
number of cases where we find cascading on all of the units of an 
insulator string when it was flashed over by lightning. Ineiden- ' 
tally, we find this on insulators of all spaoings. 

Our problem then is to find a way of using the insulation in the 
insulator to the best advantage to produce liigli flashover values 
which will reduce number of flashovors, and prevent cascading of 
the lightning arc. Recent studies with lightning show no appre¬ 
ciable difference in cascading between insulators of minimum * 
spacing and insulators of approximately 6-in. spacing fqr a 
10 -in. disk. 

Flashover values are directly in proportion to the string length. 
The longer spacing is obviously advantageous fro pi this point of 
view. 

Mr. Hemstreet states further that the power arc has a strong 
tendency to blow away from the insulator if tho initial cascade 
caused by lightning can be prevented. The grading shield » 
offers a means of doing exactly this. The reason for this is that 
the grading shield reduces the voltage across the lino unit and’ 
makes the voltage duty upon each unit more nearly uniform 
and when the flashover occurs it is a complete flashover from 
ring to ring, or, ring to horn, and the arc is started several inches 
away from the insulator. The chances of its doing damage there¬ 
fore are much reduced. 

Recent investigations show that the grading shield can he 
designed to prevent cascading of the Lightning arc, and also 
because of better field conditions established, give an increase of 
from 15 to 20 per cent in the flashover value over that of the un¬ 
protected string. This is interesting, beoause on .132,000 volts or 
above we are near tho point where tho insulators have a flashover 
value equal to the voltage imposed upon them. An increase, 
therefore, of a few per cent in the flashover value may reduoe 
very materially tho number of flashoyers. 

A. O. Austin: In view of some of the points raised by Mr. 
Ilemstreet’s pap3r, it would seem that some recent theory and* 
investigation should be of interest. 

Flashovors on transmission lines are reduced by raising the 
effective flashover voltage of the insulator between conductor and 
ground, or by reducing the abnormal potential on the conductor.* 
In addition to these two methods or factors, a new method 
has been developed which I have called the counter potential 
method. 

In this discussion I wish to call particular attention to the 
last two methods. 

The new method eliminates the danger of burning and permits 
taking advantage of the very high flashover values for lightning 
possessed by wood structures, to which Mr. Hemstreet called 
attention. 

Reduction-in the effective height of the conductor and the 
installation of ground wires are two factors which can be used to 
advantage for increasing the ratio of flashover voltage to surge 
potential for steel tower linos. Recent improvement in the 
theory of the ground wire gives a working knowledge of the 
various factors governing its functioning so that it can be 
evaluated for any installation. In applying the ground wire, 
to obtain host results, it is necessary that we have a knowledge of 
just how it functions. 

A charged cloud over the power conductor will induce a charge 
on the conductor. This charge is a bound charge and will be the 
same for a conductor or a ground wire in the same position^; 
Following the discharge of the cloud, the bound charge will b0 
released and cause the potential of the conductor, if insulated,| 
rise. This rise in potential is of great, importance and a studyjpfe 
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the factors has been made. Before the cloud discharges, the 
conductor may be regarded as forming a condenser with the 
cloud. Following the discharge the conductor forms a condenser 
with ground or objects of lower potential such os a ground wire. 



In general, the potential on a eonduotor may be said to vary as 

ctSiurtT? “ f and ° the Gffective Witanoe of the 

conductor to ground. It therefore follows that factors which 



height of the conductor. It therefore foil owe that the induced 
potential Q/C will increase at a more rapid rate for groator 
heights of conductor. This is shown in Fig, 1 herewith. 

Bringing the power conductors nearer together reducos Q , 
but this advantage is partially offset since it also roduooa <7. 
Where a ground wire is used to increase 0, it is ovidont, howovor, 
that close spacing reducos Q and increases C , Sinco tho ground 
wire functions by increasing C rather than by reducing Q } its 
location and number should take this into account rather than 
its location for screening. 

By the use of a cathode ray oscillograph of tho Drmm-tubo 
type it is possible to measure induced voltages on model linos 
with ease. 

Fig. 2 shows a study based on string length, In this study tho 
induced voltage on the conductors of a two-circuit lino is shown 
as measured by this method. It will bo soon that tho induced 
potential rises very rapidly with the inoroaso in string length. 
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i The counter-potential wire may be very effective when applied 
■ i to a steel tower having an insulating zone. In operation, the 
vi release of a bound charge raises the potential of the counter- 


potential wire and connected tower top or cross arm coincident 
with the rise in potential on the power conductor, Since the 
potential of the insulator support is raised, the stress tending to 
flash the insulator or conductor will be reduced by the amount 
that the tower top is raised by the counter-potential or charging 


wire. 

By properly spacing the height of the counter-potential wire 
Bill it i s possible to control the potential of tho support adjacent to 
the insulator so that the flashover voltage of the insulating zone 
of the tower can be added to that of the insulator, giving 
J|. ! exceedingly high flashover values for what would otherwise be a 
> low or moderate flashover voltage system! In addition to giving 
|(f:; exceedingly high flashover values it makes it possible to effect 
%■■■ very material economies duo to the closer spacing of conductors. 
|i; Since tho danger of burning of the insulated section is removed 
g; : by the countor-potential wire and relay operation is insured, 
this new method of line construction has material possibilities 


While the path of an arc may be determined at tho expense of 
flashover voltage, once formed further control of the arc is lost, 
hence operation can best be improved by increasing the effective 
ratio of flashover voltage to the surge voltage, With a better 
understanding of tho various factors it is now possible to con¬ 
sider the cost of the line per mile on a flashover basis as well as 
on a mechanical basis. When this is carried‘out, great improve¬ 
ment in the elimination of flashovers will result, 

W, L. Lloyd* I am glad to note that the operating results ’ 
have checked so well Mr, Peek’s laboratory tests, in that the 
lightning voltage is directly dependent upon the height of the 
phase wire above conducting soil, # 

With wet soils, the greatest number of flashovers should occur 
on the upper conductor. I understood Mr, Hbinstreofc to say 
that actually 85 per cent of the flashovers occurred on the utfper 
conductor under such conditions, whereas tho loAver conductor 
was practically immune from lightning. 

With dry soils, where the conducting level is perhaps fnf below 
the ground level, and the percentage difference between the 
offeotive heights of the three vertically spacod conductors is 
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wiucni may ue appuua iur aupiuviug um ^ 

adapted for now construction where it is desired to reduce or 
eliminate flashovers. 

It is also possible to use the construction in conjunction with a 
ground wire. It is, however, necessary to place the ground wire 
below the insulated sono or to insulate it from the upper section 
of tho structure, 

Mr. Homstreet raises the question as to the effect of ground 
resistance on flashovers. Prom a consideration of the counter- 
potential wire it is apparent that if the effective height of tho 
conductor has not been increased, a high ground resistance may 
permit the structure to be charged momentarily. This will 
tend to reduce tho stress tending to flash the insulator so that the 
danger of arcing would really be less. If the nature of the ground, 
however, is such that the conductors have a very high effective 
height, this may-more than offset the high ground resistance and 
result in increased flashovers. 

Impact testa made recently on long strings with ranch larger 
amounts of energy than have heretofore been available, show that 
many insulator strings or arrangements which it has been as¬ 
sumed (from tests on short strings*, would arc free, frequently 
cascade. These tests apparently give-results similar to those 
shown in the examination carried out by Mr, Hemstreet. It is 
hoped that an oscillograph record of the flashovers on test will 
throw much light on the nature of some of the various types of 
flashovers noted on the system. 


greatly OimiLllSUeu, ULtfLO SUUUia ue muio iiuonuvui-o, ^uv I* 
even distribution in the number of flashovers should be expected. 
This is in accordance with the operating results reported by Mr. 
Hemstreet, . 1 

On important lines, we recommend the ground wire to re— 
duce the number of flashovers and the grading shield to elimi¬ 
nate damage to the insulator string or line conductor in the case 
of those fewer number of flashovers which remain. 

I am particularly interested in the klydonograpli surge- 
recorder measurements on this system, and am glad to no^p that 
these measurements check so well with our estimates based upon 
tests in the laboratory with Mr. Peek’s 2,000,000-volt artificial- 
lightning generator. 

J„ G. Hemstreet: It is gratifying and encouraging to knoy 
that the representatives of operating and manufacturing com¬ 
panies and those working in the laboratories on this same problem 
are in agreement on practically all of the various points that 
have been brought out. 

It is evident that a great deal of tho mystery surrounding the 
transient conditions existing in transmission systems is being 
cleared away and the knowledge that has been gained of these 
conditions from experience in the-field and laboratory tests and 
investigations may enable us to provide high-voltage transmission 
lines that will be very free from trouble due to lightning. 

Mr. Austin has introduced somewhat of, an innovation in 
the counter-potential inetJhod of preventing insulator flashovers 
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Results of experience in the field will bo awaited with interest to voltages in the transmission lino. The counter-potential 

determine if this method is as effective as a ground wire. One method evidently does not accomplish this purpose, but possibly 

of the benefits obtaihed from the use of ground wire is the pro- a combination of the two using ground wire near the stations 

tection to the station equipment by holding down the transient might accomplish the desired results. 


Discussion at Pittsfield Meeting 


QUANTITATIVE DETERMINATION OF RADIO- 
RECEIVER PERFORMANCE 1 

* (Oakley) 

Pittsfield, Mass., May 25, 1027 

A. L. Cook: I think ifc is a decided indication of progress 
in the development of sets when the manufacturers begin to 
test their complete sets and publish results of these tests. 

I wish to ask particularly about the curves on the fifth page 
of the paper showing the quality of reproduction of a certain 
receiver. I wish to ask does the method of testing used really 
fell whether or not the set has good quality of repro¬ 
duction? 

As I understand it, the method is based upon the measure¬ 
ment of voltage amplification at different audio frequencies 
and 1 wish to ask if this is a true measure of the quality? That 
is, if this were a straight line parallel to the horizontal axis, 
would 'this represent a perfect set? 

X believe that most of the energy in a complex note is in the 
lower frequencies, and it would seem to me that the energy 
amplification would bo more important than the voltage ampli¬ 
fication. I should like to ask Mr. Oakley, therefore, if an in¬ 
dication of the relative energy amplification at different fre¬ 
quencies would not be a more exact representation of the quality 
than is the voltage amplification? 

B* V. K. French: 1 should like to ask Mr. Oakley about 
the amount of error in the attenuator used. The attenuator 
was described, I believe, by A. W. Hull, iu the Physical Review 
of 1925, and I wonder if any errors have been calculated? 

Another question I should like to ask is, how is the percentage 
* modulation measured on the oscillator defined, and how can 


are two other sources of error, (1.) The point at which the 
rod enters the end plate is grounded. Consequently there may 
be some current flowing from the point through ground and 
back into the circuit again. So calculations based upon the 
assumption that all the current flowing in the rod return through 
the shell may be slightly in error. And (2) the electric field 
about the shell will induce voltages in the receiver in addition to 
those obtained from the tap to which the receiver is connected. 
This error has been eliminated by enclosing the inductor in a 
shield. Measurements on the inductance show that it is within 
4 per cent of calculated values. 

The degree of modulation of the current supplied by the 
oscillatorisexpressedby the ratio 


A + £ 

where A is the maximum and B the minimum amplitude of the 
modulated current. For 50 per cent modulation, A would be 
three times B , No single value of percentage modulation can 
simulate broadcast-reception conditions, since the percentage 
modulation of a broadcast transmitter is continually changing 
and may be any value from zero to distressing over-modulation, 
But the audio-frequency output of a properly ^designed receiver 
should vary directly with the degree of modulation and for 
measurement purposes a reasonable value should be satisfactory. 
50 per cent modulation -was used by us, but there is at least a 
tentative agreement now to use 30 per cent for all receiver 
measurements, 


ELECTROLYTIC CORROSION 


we all reach the same agreement on the necessary percentage 
modulation to simulate broadcast reception conditions? 

H. Oakley: The point about the quality curves of re¬ 
ceivers is*at present quite a disputed one. It has already been 
proposed to measure the power delivered to a loudspeaker 
rather than the voltage across it. But even in this case, the 
designers, of loudspeakers are not prepared to say whether a 
definite relation exists between the power supplied to a loud¬ 
speaker- and the sound received by the ear of the listener, Varia- 
tions in room conditions cause variation in the sound received 
by the ear. If we could measure the.sound pressure at the micro¬ 
phone^ of the transmitter and the sound pressure at the ear of the 
listener, then a true representation of quality for a particular 
set of conditions could be made. Because so many variables do 
exist, and because it is more convenient to measure voltage than 
power delivered to a loudspeaker, our quality curves are plotted 
in terms of voltage against frequency. We depend a great deal 
upon past experience in interpreting the picture presented to us 
by the quality curves. 

The other point brought up was concerning the type of inductor 
used in making the measurements. Calculation of inductance 
involves a term which is the log of the ratio of the radius of the 
cylindrical shell to the radius of the rod inside the shell. Slight 
errors in determining the magnitudes of these two radii will cause 
a very slight error in the calculated value of inductance. There 

I. A.,I. E. JL, Journal, May, 1927, p. 487. , 


MEASURES 

The Bureau of Standards has recently announced the 
development of an instrument known as the “earth 
current meter’’ which measures corrosion of under¬ 
ground structures. In connection with this announce¬ 
ment it is stated that the determination of the serious¬ 
ness of corrosion of underground structures due to 
stray electric currents has been difficult and the results 
unsatisfactory because there has been no simple method 
of measuring the amount of stray current at the point 
where electrolysis is suspected. For this reason, 
engineers of the Bureau have endeavored to develop 
an instrument which will indicate directly the strength 
of the current in the earth at a given point. It works 
upon the theory that the rate of corrosion is directly 
proportional to the strength of current flowing from a 
structure. Such an instrument would indicate directly 
whether the structure under test was in danger from 
electrolysis. The instrument is described in detail 
in technical paper No. 351, which also describes the 
various ways in which it may be used to determine 
electrolysis conditions. 
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ILLUMINATION ITEMS 

By Committee on Production and Application of Light 

NEW MAZDA STREET RAILWAY CUTOUT LAMPS 

It has been common practise to use five lamps in series 
in street railway lighting service where line voltages 
run about 650 or 600 volts. The lamps regularly used 
in such service have heretofore been of the straight- 
filament, vacuum type, rated in wattages 23, 36, 56 and 
94 but otherwise similar to the old type of lamps used 
for multiple lighting service. Gas-filled lamps of 
ordinary construction cannot be used satisfactorily in 
series on the high line voltages used in street railway 
service. The chief cause for unsatisfactory operation 
is the maintaining of the arc in case the filament is 
broken while burning. The surrounding gases hold it in 
a persistent manner due to the high voltage back of it, 
and eventually the arc becomes destructive. 

A low-voltage Mazda C lamp has been developed 
which is strong mechanically and which incorporates 
within the "lamp itself a cutout device that enables the 
advantages of the higher efficiency gas-filled lamp to be 
attained in street railway lighting service. 

In case the filament in one of these cutout lamps is 
broken while the lamp is burning, the subsequent arc 
maintained as usual in the gaseous atmosphere travels 
up the lead-in wires inside the lamp until it reaches a 
special device which short-circuits the lamp and ex¬ 
tinguishes the arc. If the filament should be broken 
while unlighted, the cutout device in the lead-in wires 
will break down electrically as soon as the circuit voltage 
is applied. 

In either case the circuit through the lamp which has 
failed is maintained or restored and the lamps in series 
with it remain lighted, dividing among themselves the 
voltage which had been applied across the lamp which 
has been short circuited. * 

If five lamps are used in series, the short-circuiting of 
one would increase the voltage applied to each of the 
other four individuals by 25 per cent. This would 
place a considerable over-voltage strain on the four 
remaining lamps and unless the defective lamp were 
immediately replaced, might lead to their subsequent 
burnout in rapid succession. By increasing the number 
of lamps in one series circuit, the short-circuiting of any 
one of them throws less strain on those remaining. 
Fortunately, several five-lamp circuits are ordinarily 
required to light a car. It has been found that if eight¬ 
een or more lamps are operated in series the failure 
(and consequent short-circuiting by the automatic 
cutout) of any one lamp will not increase the voltage on 
the remaining lamps by an amount that is objectionable 
during the short period that normally elapses until the 
lamp is replaced. . 

The new gas-filled cutout lamps fqj' street “railway 
service are therefore designed to operate at about 30 
volts, so .that in ordinary cases from 18 to 22 lamps can 
• be operated jn one series on the line voltages ordinarily 
used in street railway service. 

The lamps are made in two current capacities, 1.0 


and 1.6 amperes, which, at 30 volts, make the wattages 
30 and 48 respectively. The 1.0-amp,ere lamp is sup¬ 
plied in the A-19 bulb of the same over-all dimensions 
as the standard 25-watt 115-volt inside frosted lamp. 
The 1.6-ampere lamp is made in the A-21 bulb such as 
is used for the regular 40-watt 115-volt inside frosted 
lamps. . 

The 1.0-ampere lamp has a light output of approxi¬ 
mately 360 lumens and the 1.6-ampere lamp gives 648 
lumens. The initial efficiencies of the r^w Mazda C 
lamps are 12.0 and 13.6 lumens per watt. These 
efficiencies are considerably higher than those of tbe 
older Mazda B lamps for street railway service, which 
ran from about 8.8 lumens per watt for the 23-watt 
size to 9.9 for the 56-watt lamp. • 

Not only is the initial efficiency of the Mazda C 
Street Railway cutout lamps considerably higher than 
that of the vacuum lamps, but they will maintain their* 
initial light output much better throughout life. The 
average mean lumens of these lamps will be only about 
5 per cent below the initial values (because they are 
gas-filled), whereas in the case of the corresponding 
vacuum lamps, the average light output will be about 
15 per cent less than the initial value. t On the basis of 
average lightoutput the new lamps will therefore deliver 
40 or 50 per cent more lumens per watt than the vacuum 
type lamps. 

The new cutout Mazda C lamps are supplied in inside 
frosted bulbs. 

The filaments in' the cutout lamps, being of low 
voltage and of fairly large current capacity, are rela¬ 
tively short and.of large diameter so that the lamps are 
mechanically strong and are particularly well suited to 
street railway service. It is well know that a large 
proportion of failures of the old style lamps in street 
railway service was due to mechanical breakage, 

A short-circuiting socket has been developed for use 
with these lamps which permits a lamp to be removed 
and replaced without extinguishing the others in series. 


In a scientific address in Chicago, Oct. 11 on’“Color 
Temperature Classification of Natural and Artificial 
Illuminants,” Norman Macbeth president of the Illu¬ 
minating Engineering Society discussed the use of the 
phrase "just like daylight” which he said was so greatly 
overworked by lighting apparatus advertisers. The 
phrase is more than 100 years old, he stated, adding that 
it was first used in Baltimore to advertise the first, 
flame burner when gas lighting was brought to America. 
Later, he said, it was applied to the coal oil or kerosene 
lamp, the Edison carbon filament lamp, arc laifips and 
gas mantles. 

Mr. Macbeth devoted the closing paragraphs of his 
paper to a discussion of color discrimination. A book 
is now on the press, he said, that will illustrate and 
name 6000 colors. 

The difficulties surrounding accurate color discrimi¬ 
nation and the importance of working. out reliable 
methods were presented and recommended for further 
research. , * *. • , • 
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* 1928 Winter Convention Promises Timely 

Program 

Many live topics will be on the program for tile coming Winter 

* 2rsr, o 2 ? 6 ij ° hew ^ n ° w Y ° rk ^ ^1.™- 

k ,L i •!,’ 1928 ' , A technical' program has already been tenta- 

' n J ’ ° Ut a “ ( 1( ‘ mcludes suoh sub J ects as operation of inter¬ 
connected, power systems, protective and control systems auto- 

rissfaELr 1 ** 

thfr 8 h T e a l so been mftde f °r fcLe other features including 

^SlriS tM diUnel " daUCG ' a Sm0kW ’ 
PrfKSl/rEdS PreS6ntati011 ° f th6 John 

The arrangements for the meeting are being made by a general 

* w q 7? ott ’, ™ p * Charlesworth, H. C. Dean, H. W. Drake 

* a “•**•w-w. «--v, 

Fall Meeting of Affili ted Engineering 
Society Sections of Virginia 

S Tfvf ytrr* s »““ “wl £sss 

Nov “^ u - 12 '««»°< 
mt fi . PniDAY Afternoon’s Session 
The first session was.held at 2:30 p. m. on Friday in the mail 


auditorium of the Cobb Chemical Laboratory, wifcli Mr, F, p. 
Turner, President of the Virginia Section A. S. C. E., presiding.' 

A brief address of wolcome was delivered by E. A. Alderman! 
President of the University of Virginia, in which ho placed groat 
emphasis upon the importance of engineering and said that 
engineers are really the architects of modern civilization. 

After a brief response by Mr. Turner, the following program 
was presented: 

Water and Power Resources of Virginia and Their Proposed 
Development, by Mr. F. H. Newell, Washington, D. C-, Prosidont 
of the Research Service, Inc. Illustrated with lantern slides. 

Safely m Engineering, by Mr. G. E. Sanford, Sohonoctady, 
N. Y., Safety Engineer, General Electric Company, and Vice- 
President in obarge of Engineering, National Safety Counoil, 
Illustrated with lantern slides. 

' T [ le Be M s Deformeter, by Mr. E. W. Saunders, Jr., Associate 
Professor of Mathematics, University of Virginia. Illustrated 
with figures and demonstration of equipment. 

After brief remarks by Doan J. L. Newcomb of bho Depart- 

ment of Engineering, University of Virginia, this session was 
closed, 

Friday Evening Session 

At 7:00 p. m. Friday evening an informal dinnor was hold at 
the Monticello Hotel in Oliarlottosvillo, followed by an address 
on TJie Engineer as a Publicist” by W. M. Thornton, 
Professor of Applied Mathematics, University of Virginia, and 
tomer Dean of the Department of Engineering. Professor 
VV. S. Rodman, Chairman, Southern Virginia Section, A. I. E. E., 
presided, 1 

Following adjournment of the principal mooting, soparato 
business ineotings of the threo Sootions wore hold. Omeors and 
members of the Southorn Virginia Section of the Institute and 
guestsi discussed the Sootions and Branch ponforoncos held at 
Detroit in Juno, as well as other activities of Districts, Sootions, 
and Branches. Much interest was shown in tlio rocont develop- 

“* v ‘‘“ 10 10 »*«*»■• 

Those who wore present on Friday morning won given an 

nTpr?, Vi ,f Monticello, the home of Thomas Jefferson, 
near Char ottesville, and prior to the dinnor on Friday ovouing, 

mi Iest ! d . w ?. ro ‘ n r vltod t0 ins P° ot the Jefforson Soarohligbt 
on the roof of the Monticello Hotel. This is a 1,200,000 000 - 
candle-pew^- searchlight, using a direct current of 150 amperes 
winch » operated by the Virginia Public Service Company 

Saturday Morning Session 

At a session held in Madison Hall at 10:00 a. m. Saturday with 
J. A Johnston, Momber of the Executive Committee of the 

LTi»rr A - s - m - e - —«• «• 

Mv°T Ci r’ S’" and °P cralions of the Stale Port Authority, by 
Commit B0ha "T' . Peter8blu 'gi Va., Chairman ef the Port 
° 7 u ? 7 *° n0rS ° f Virgmia ' and Mayor of Petersburg. 

“ V ^miaPuhUc Service Company-Ils Property-Organ^ 

Vice pT^T 5 ; 7 , M n r - A ‘ , W ' H1 ^ms, Charlottesville, Va., 
e-Piosident and General Manager of tlio Virginia Public S 

eivice ornpany. Illustrated with large map of tile system 

Obsolescence, by Mr. Gorton James, Washington, D C Chief 

iEZssssr Mvw “ - u “ ^ 

Cntfn! 00 P ’ m j- ° n , Saturday, a complimentary luncheon at the 

number of in Ti ^ ^ U “ V6rsity ‘ and a co ««iderable 
numba of those m attendance at the mooting saw the Maryland 

S ^Tn a the°^r game h6 - ld that aft ™ A S the 

Plans for the meeting were made under the supervision of a 
oomimttee eonsis^ng °f Professor W. S. Rodman, Chairman, 

varied 1 from 5o' t^STuT' H Th0 att6ndanoe ^ sessions- 

most ini^f 50 , 66, d al1 pr6Sent oona idered the meeting 

most interesting and successful. 
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Future Section Meetings 

Cleveland 

Television , by J. W. Horton, Boll Telephone Laboratories. 
The meeting will be held in the Electric League Hoorn of the 
Hotel Statlor, at 8:00 p, m., December 15. 

Today's Science , Tomorrow's Engineering, by L. A. Hawkins, 
General Electric Co. Electric League Room, Hotel Statler, 
8 :00 p» m., January 19. 

Columbus 

Power by Radio, by Phillip Thomas. Inspection of 0, S, XJ. 
Broadcasting Station WE AO. January 6. 

Illumination Meeting. January 27. 

Eric 

The Romantic Development and Economics of Niagara Power, 
by W. K. Bradbury, Niagara Falls Power Co. Decomber 20. 

Recent Developments in the Art of Communication, by S. P. 
Grace, Bell Telephone Laboratories. January 17. 

Itlinca 

Traffic in the Field of Radio Communication, by F. II. Kroger , 
Radio Corporation of America. January 26. 

New York 

Interconnection of Power Systems, by Alex Dow, President, 
Detroit Edison Co., and Earley Osgood, Consulting Engineer. 
January 13. 

Pittsburgh 

Engineers vs. Salesman — Who's Ahead?, by G. M. Gadsby, 
President, West Penn Power Co. December 13. 

Symposium on A-C. Network Systems, by C, T. Sinclair, 
Byllosby Engg, & Management Corp., and II. R, Searing, 
United Electric Light and Power Co. Talk by Bancroft 
Gherardi, National President. January 10. 

Pittsfield 

The French Foreign Legion, by Major J^echkoff. December 6, 
Hoi Cathode Power Rectifiers , by A. W. Hull, General Elec. 
Co. December 20. 

Floods and Flood Control, by Dr. Prank Bolin, January 10, 
Developments in Steam Power Plants , by F. S, Collings. 
January 24. 

St. Louis 

Railroad Electrification , by J. V. B. Duor, Pennsylvania 
Railroad. December 21, 

Important Small Materials Used in the Telephone Industry and 
Their Characteristics, by G, S. Rutherford, Westsrn Elec, Co. 
January 18. 

Sharon 

New and Interesting Electrical Developments , by A, M. Dudley, 
Westinghouse Elec. & Mfg. Co. A talk will also bo given by 
Larry Flint, writer and newspaper man, Banquefc. December (>. 

Raising the Submarine S-61, by Lieut.-Commander Edward 
Ellsberg, U. B. N, January 7. 

Vancouver 

Visit to Fire Dispatch Installation. January 10. 


64 Science Luncheon” of the American 
Institute 

Cooperating with the National Research Council, Division of 
Engineering and Industrial Research, the American Institute of 
the City of New York will hold what it chooses to oall a “Science 
Luncheon’* Saturday, December 10th, at the Town Hall'Club. 
The speakers will be Maurice Holland, Director of the Division 
of Engineering and Industrial Research, National Research 
Council, who will take for his subject, “The Vanishing American 
Genius,” and L. A. Hawking, executive engineer of the Research 
Laboratory, General Electric Company, Schenectady, N. Y,, 
who will discourse on “Research—Organised Genius,” 

The American Institute at the close of the year will be 100 
years old, and throughout this century it has directed its activities 
toward the dhcouragement and promotion of public welfare. 


A series of science demonstrations is being arranged under the 
able directorship of Doctor Harvey Brace ,Lemon of the Uni¬ 
versity of Chicago. As a centenary activity of particular signif¬ 
icance also is the publication of a book entitled “A Century of 
Industrial Progress” with an introduction to which Hon. Herbert 
Hoover has contributed. At this, the firstlmichoon,researcli and 
its relation to modern industry and activities will he evaluated, 
and the speakers are chosen for their first-hand knowledge of t 
the current work in research laboratories. 

Fiftieth Anniversary of Philadelphia 
Engineers Club * 

“Engineering Progress and World Civilization” will be the 
general subject for the Fiftieth Anniversary celebration* of 
the Engineers Club of Philadelphia to open the evening of Friday, 
December 10, at 8:00 o’clock, when John R. Freeman, pkst- 
presklenb of the American Society of Civil Engineer* and 
Ambrose Swasey, past-president of the American Society of-* 
Mechanical Engineers will address the meeting on “The Past in 
Engineering Fifty Years ago—1877.” This will bo followed 
an entertainment and smoker. A buffet supper will also be 
served. # 

# Saturday morning will be given over to the ceremonies of 
honorary degrees to be conferred by the University of Penn¬ 
sylvania upon several of the distinguished guest3. A buffet 
luncheon will be served at noon, and the afternoon meeting on 
“The Present in Engineering—1927” will be addressed by 
William C. L. Eglin, President of The Franklin Institute, Howard 
Elliott, chairman of the Board, Northern-Pacific Railway Com¬ 
pany and Charles M. Schwab, Honorary Member of the Engi¬ 
neers Club and president of the Iron & Steel Insti tute. For the 
evening meeting at 7:30 o’olook, the unique subject of “Future 
in Engineering—1977” will be discussed by Samuel Rea, Hon¬ 
orary President of the Engineers Club and Past President of 
the Pennsylvania Railroad, Dexter S, Kimball, President of the 
American Engineering Council and John Hays Hammond, past- 
president of the American Institute of Mining Engineers. All 
functions will he* held at the Bellevue-Stratford with the ex¬ 
ception of the convocation Saturady*morning at College Hall. 
Ladles mil be welcome; any non-members desiring to attend • 
should communicate with tlio secretary, Mr. Charles E, Billin, 
Secretary, the Engineers Club of Philadelphia, 1317 Spruce 
Street, Philadelphia, Pa. prior to December 12> 

0 • 

Radio Engineers’ 1928 Convention 

The Third Annual Convention of The Institutq of Radio 
Engineers is to be held on January 9th, 10th, and 11th, 1928. 
The program is to include the Annual Meeting of the Institute, 
reports of officers, installation of new officers, presentation of the 
Liebmami Memorial Prize to Dr. A. Hoyt Taylor of the United 
States Naval Institute, the series of technical sessions, inspection 
trips to a number of interesting places around New York and a 
dinner-dance on the evening of the 11th, 

The general meetings and technical sessions \vill be held in 
the Engineering Societies Building, 33 West 39th Street, and the 
registration booth and convention headquarters will be in the^ 
lobby of the Engineering Societies Building. 


Sixth Power Show . 

The Sixth National Exposition of Power and Mechanical 
Engineering will open December 6,1927, when 180,000 square Feet 
of Grand Central Palace Now York will be utilized in the display 
of latest mechanical devices, The scope of the exhibit is not 
confined to the field of heat and power generation and utilization, 
but will include the allied field of ventilation and other modem 
problems of groat importance. Refrigerating machinery, will be 
represented by a group of fifty manufacturers; mechanical power 
transmission, welding, machine shop equipment and wood-; 
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working machinery will also hold conspicuous places in the 
exposition which will continue through December 10, simul¬ 
taneously with the Annual Meetings of the American Society 
of Mechanical Engineers and the American Society of Refriger¬ 
ating Engineers. 

25th Annual Convention of American 
, . * Road Builders* Association 

Announcement has been made to the Chamber of Commerce 
of tlio American Road Builders* Association Convention January 
9th to 13th, 1928, at Cleveland, Ohio. Special headquarters 
will bo maintained at Iho Public Auditorium and at the Hollen- 
don Hotel for visiting city officials, and they are invited to register 
and make use of headquarters during the Convention. Atten- 
dants will be in charge at all times, and William R, Hopkins, 
City Manager and Chairman of the City Officials* Committee, 
will gladly receive ail inquiries of those interested. This will be 
.the largest exposition, of Road construction and road mainte¬ 
nance machinery and materials ever held including over 300 
carloads of the latest machinery, equipment and materials. 
Pax)ers will be presented of special interest to city officials who 

# are urged to attend and take part in the discussion of various 
subjects presented by carefully selected authorities. Ther§ 
will be a “Pan-American Day” a portion of which will be given 
over to highway problems in North and South America, and in 
the evening, the delegates from Pan American countries will be 
the guests of the American Road Builders* Association at the 
Annual Banquet. # Reservations should be made through 
Mr, A. J. Kennedy, Vice-Chairman, A. R, B. A. Hotel Com¬ 
mittee Room 304, Chamber of Commerce Building, Cleveland. 
Ohio. 

New Spanish Translation Available 

The Spanish translation of the A. I. E. E. Standard for 
Electrical Measuring Instruments (No. 33) is now available. 
This standard applies to the following land of indicating instru¬ 
ments: Ammeters, voltmeters, wattmeters, reactive volt-ampere 
meters, frequency meters, power-factor, reactive-factor and 
phase-angle meters and synchroscopes. It does not apply to 

* curve drawing or contact making instruments nor to small 
instruments of types and sizes which are used where low cost is 
essential. 

There are now 17 A. I. E. E. Standards translated into Spanish 
.as JoUows: Nos. L5-7-S-9-10-I1-13-14-15-16-19-22-30-33-37 and 

41, 

•The work of translation lias boon done by a special committee 
of the Standards Committee, under the chairmanship of Dr. 
C. O. Mdilloux. The Standards are published by the Bureau of 
foreign and Domestic Commerce. Orders should be sent to 
the Superintendent of Documents, Government Printing Office 
\\ aslungton, D. C. Prices of the pampidets are as follows: 

Nos. 5-7-8-0-10-11-13-16 and 22, ten cents. 

" Nos. 1-14-15-19-30-33-37 and 41, five cents. 

Chicago Power Show 

The exhibit at the 1028 Midwestern Engineering and Power 
ST™? 11 .- ? g0 ' Feb -. 14 - 17 > 1928 be a most forceful 

HcZn^ f 011 ?> progress ! ou t0 modern requirements 
JSJ 0 the. convenience of prosperity. It is expected 
t tliafc thousands wdl bo in attendance to review the diversified 
i and unique mechanisms there displayed. 

- Centennial of the Institution of Civil 
Engineers 

pSZrZfn haS ,T iVed a oord!al invitation from the 
SStBrtffin (S’ 1 * i° E th ® lnsti t«tion of Civil Engineers of 
Sm to a S ? * who Jna y in London early in June 

ITO8 to attend on engineering conference to be held in connection 

„ * • * 

kS ; ; /. 'Y , . 

YC>i : r , /n * 

" •• ■ 


with the celebration of the One Hundreth Anniversary of the 
issuance to that institution of a royal chartor of incorporation. 
Further particulars of the subjects to be discussed will bo avail¬ 
able later. In the meantime, however, members of the Institute 
who are likely to be in London the first week in Juno 1928 are 
requested to send their names and addresses to Institute head¬ 
quarters so that further plans may bo communicated directly 
to them. 

Provisions of Radio Treaty Being Completed 

The International Radio-Telegraph Conference, after soveral 
plenary sessions, has nearly completed its task of formulating an 
international treaty covering the uses of radio. The work of the 
conference will probably be completed before tho end of the 
month, according to the President of the Conference, Herbert 
Hoover. 

Some of the articles of tho convention already adapted and of 
interest to engineers are; the maintenance of stations “abroast of 
scientific and technical programs,** and without interference; 
collection* and coordination of information rogardiug radio 
services by the International Bureau of tho Telographio Union 
at Berne, Switzerland; regulations covering operators, licensing, 
use of call waves, relays from land to mobile stations. Objection 
was raised to a provision requiring operators of experimental 
stations to be tested by their respective governments for their 
technical knowledge of radio. 

Tho conference has been considering an invitation from tho 
head of the Belgium delegation to fix the time of the International 
Radio Telegraph Conference to be held at Brussels in 1928 in¬ 
stead of 1930. There is considerable objection to tho earlier 
date. 

Doctor Coolidgc Awarded Hughes Medal 

Dr. W. D. Coolidgo, assistant director of the research labora- I 
tory of the General Electric Company, has boon awarded tho 
Hughes medal by the Royal Society for “distinguished work on • 
X-rays and the development of highly efficient apparatus for ”4 
their production,’* The Hughes modal was first presented in 
1913 to Dr. Alexander Graham Boll. Dr, Irving Langmuir, 
also of the General Electric research laboratory, received it' 
in 1918. 
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ENGINEERING FOUNDATION j 

1 I 
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SPECIFIC INSTANCES OF ENGINEERING RESEARCH 

Shortly after Ambrose Swasey suggested the creation of tho 
Engineering Foundation in 1914, tho World War broke out, and 
all eyes were turned to national security problems. In 1016 tho 
newly-organized Engineering Foundation and tho four Founder 
Societies joined with the National Academy of Sciences in estab¬ 
lishing the National Research Council, Then, until 1923 tho Engi¬ 
neering Foundation devoted tho greater part of its resources to 
the support of the Research Council and the Council's division 
of engineering; but sinoe then, it has returned to the intention 
for which it was created,—cooperation with the founder sooiotios 
in projects affecting engineering at large, still retaining however/ 
its connection with the Research Council. 

Some of the national societies’ projects in which tho Founda¬ 
tion has cooperated include research on concrete and reinforced 
concrete arches; on steel columns for bridges and buildings; 
mining methods; properties of steam; bearing metals; lubrioa- 
catlon; and strength of geaf teeth. These are all subjects upon 
which research is ♦obviously important and much needed. 
The projects in which the Foundation oooperated with the - 
National Research Council were equally so ' Some of these were 
research on the construction and maintenance of highways 
(Advisory Board on Highway Research); on weldiiig (American 
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Biumu of Welding); injury to marine piling by the teredo and 
other small boring animals; molding sands for foundries (Com¬ 
mittee on Molding Sands); pulverizing of ores, cements, and 
fuels (Pulverizing Committee); and on personnel research 
(Personnel Research Federation), 

The mere enumeration and tabulation of work undertaken 
can lend but a vague idea of actual accomplishments, but 
the reports of the Foundation give information of its widespread 
activities. 

As its funds grow and opportunity permits, Engineering 
Foundation hopes to assist in many significant researches for 
tlio benefit of the profession and the public at large. 

P. B. McDonald 

Engineers Predict Future of New York 

On the evening of November 4 in the Engineering Auditorium 
the members of the Now York Section of the A. I. E. E. heard 
six prominent engineers discuss the future of New York City. 
The first speaker, E. P, Goodrich, Consulting Engineer on City 
Planning for the Sago Foundation, had as his subject “Probable 
Growth of New York City and Distribution of Population/' 
and devoted himself chiefly to the presentation of a large number 
of very interesting slides giving growth of population, industry, 
consumption of products and their inter-relation. The second 
speaker, R. II. Shrove, President of tho New York Building 
Congress, described “Architectural Requirements and Building 
Service.” He gave data relative to tlie factors limiting the size 
of buildings and mentioned as one of the developments which 
will possibly aid in the traffic and parking problems, tlie construc¬ 
tion of buildings for office use with certain floors devoted to 
parking space for tho mac!lines of the occupants. 

The next two speakers covered the transit situation. L. S. 
Miller, President’*of tlie New York, Westchester and Boston 
Railway Co, spoke on “Suburban Transportation," and C. E. 
Smith, St. Louis Consulting Engineer, who recently reported to 
Comptroller Berry on the solution of New York's transit problem, 
talked on “Urban Transportation." “Telephone Service” and 
the “Light and Power Service" were the last two topics and were 
covered respectively by J. L, Kilpatrick, Vice-President of the 
Western Electric Co. and John W. Lieb, Vice-President of the 
New York Edison Co. There was a total attendance of about 
800. 

__ _ _— - - • 

Prize Awards for Safety Promotion 

The American Road Builders Association is offering $1000 in 
prizes for the best ideas of possible usages for the promotion of 
safety in the streets and highways, More than 22,000 people 
were killed in the streets and highways of the United States 
during the first ten months of 1927, which emphasizes the neces¬ 
sity of further and immediate action in this regard, and this 
Road Builders association will welcome such suggestions and 
endorsements as those who may have pertinent ones to offer, 
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National Research Council 
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ACTIVITY IN INDUSTRIAL RESEARCH 

As a result of Ilia visit to Japan last fall at the time of the 
Third Pan-Pacific Science Congress, Maurice Holland, Associate 
of the Institute and Director of the Division of Engineering and 
Industrial Research*of the National Research Council, prepared a 
brochure upon The Industrial Transition in Japan, which in 
cooperation with the Japan Society ‘of New York, lias just been 
published in attractive pocket size and given wide distribution 
among those interested in comparing the remarkable industrial 
progress of Japan during the last generation with the industrial 
status of other countries. Also in connection with industrial 
progress, an ‘exhaustive bibliography of literature of the past 


several years relating'to street and highway safety has boon 
prepared by tho Highway Research Board through its chairman, 

A. B. Fletcher, of the Bureau of Public Roads, and Doctor M. , ' ,r '^^pS 
G. Lloyd, Chief of the Safety Section, Bureau of Standards 
has prepared and had printed a statement on the “Present yj| 

Status of Legal Regulations of Automobile Hoadliglits in the . 1 1 

United States." \ 1 H 

A meeting of the Committee on Electrical Insulation was held 
June 1927 at Detroit. Four papers had been prepared and * 

published and three more were in course of preparation. 


Volta Memorial Fellowship 

A fund of $25,000, the income from which will be applied each 
year to post graduate work of an electrical engineer from Italy, 
in an American university, has been established by individuals, 
associations and corporations in this country who are interested 
in electrical development ,it has been announced by the*ltaly-;, 
America Society. The fund has been raised to mark the one- 
hundredth anniversary of the death of Alessandro Volta, 
inaugurator of a new era in electricity. * 

It has been marked this year with a special program in con¬ 
nection with the International Exhibition at Lake Como, Italy, 
\vhere announcement of the formation of the memorial fund in 
the United States was received with much enthusiasm. The 
student who will come to the United States will be selected 
competitively by the Association© Elettrotecnia Italiana, which 
corresponds to the American Institute of Electrical Engineers. 
In the United States the administration of # the fellowship is in 
the hands of the Italy-America Society, 

Maurice A. Oticlin, vice president of the International General 
Eleotrie Company and chairman of the memorial committee, 
has ontlined the purposes of the fellowship: 

The committee in charge of establishing the memorial in¬ 
cluded: Thomas A, Edison, honorary ohiiirman; Maurice A., 
Oudin, International General Electric Company, chairman; 

J. E; Aid red, Aldred and Company; SostkenesBehn, International 
Telephone and Telegraph Company; Paul D, Cravath, Westing- 
house Electric and Manufacturing Company; Gano Dunn, 
president, J. G. White Engineering ’Corp.; Giuseppe Facoioli, 
General Electric Company; General James G. Haubord, Radio* 
Corporation of America; Thomas W. Lainont, ex-president of 
Italy America Society; John W. Lieb, New York Edison Com¬ 
pany; Lloyal A. Osborne, Westinghouse Electric and Manu¬ 
facturing Company; Philip Torchio, New York Edison Company; # 
and Owen D. Young, General Electric Company. 


Boole Review 4 / 

■ f 

The New Reformation, by Michael Pupin. Charles Scrib¬ 
ner's Sons, 271 pp. r cloth, 5M x by 8J4, $2.50. * 

This book was published six weeks ago and it is already in 
its second-edition. We cannot review it better than by quoting -. 

abstracts from opinions expressed: . * : 'rh 

From a letter of Ambrose Swasey: ■ 

A few days ago I secured a copy of your recont book “The * p|| 

New Reformation,” and I only wish it were possible for me to / :|g 

express to you the pleasure it has given mo ... . With all my* ; 

heart I thank you for this message.and you can never ^ 

know the great blessings these chapters will be to thousands of 
people today and for generations to come. • 

Cleveland, Ohio, Ambrose Swasey. 

Nov, 1, 1927, - '" r \ 

From a Iclter of Professor Jansky: . . 

After reading your book “From Immigrant to Investor” 
was strongly impelled to write you expressing my apprecial^ig||g|g||gg|| 
the book. I am now reading “The New Reformation” and can 
no longer inhibit the impulse to. express as strongly as I j^an my 
enthusiasm of such a masteriy pioc^of work, For some,/time I ; ■ ;/ 

have had a hazy and indefinite notion that such a^yorkougjiv.'ip^ - 0 . 
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be written, and I am more than pleased to see that your notion 
was much more concrete and that has resulted in a work that is 
scientists profolUld influeilee upon the minds of the younger 

University of Wisconsin, C. M. Jansky, 

November 12, 1927-. Professor of Electrical Engineering. 

. From Professor Ilenry A. Perkins, in Saturday Review of Litera¬ 
ture, Nov. IS, im. 

I*. is S6ld0m tbat a S0rious work t,6al ing with science and 
RuZ-Zr S ° ,? v , eai “ g of tlle author’s personality as “The New 

‘ fnventor^nfes v aut< ! biogr fP^' Immigrant to 

nventoi, Professor Pupin showed us much of himsolf 

• nfn l fc i 1SmOr rTr tb00k > We e . m 600 far deeper into the soul 

, 61 f 10 markable man, who is at once scientist, poet, and 
seer and possessed of a heart far too big to be cramped by the 
mathematical rigidity of the exact science he professes. 

b J™ 6 “ tro ?" otor y ekapter of “The New Reformation” is an 
historical outline of the movement which culminated, as regards 
yehgmn, m the Protestant Reformation, and, as rega ds science 
m tlie soJiool of Sir Isaac Newton . , . _ ' 

• a ,i“J he f e uCG e 8d mg four chapters we are given a delightful 
ZtZf. fi n° C “m? U T 6S 0f tlle Reformation of Science in four 

ei™^% CllaPtei r entltied ‘‘ Tlle Reality of Electricity in Motion” 

fn which thrZ 1 ?- T S ‘i° ye ViGW of a total| y different realm 
n which the electrical and magnetic fluxes are the new realities 

as discovered by Oersted, Ampisre, and Faraday. This survey is 

ZZ nt 6 ‘° ° S,!i0lUifiOaliy trainecl rea, der as to the layman, 

for its picturesque presentation of well-known laws and concepts 

iZTof n reVSa ing T ‘ ° Ver a "■«“ where » is easyTo lose 
sight of the unifying thread which runs through it all. 

and mZZip *T f ° f th6 DeX ‘ ° llapter whioh deals with radiation 
and Maxwell s electromagnetic theory of light, Pupin’s oharac 

temation of Maxwell as a “poet by temperament, a keen and 

ZiTmTr nf pbiiosopllflr ' a brilliant mathematician, 

ah! t ,l le6p T’ Rl0 ’ ,a faith ” mi ght easily have been written 

quaiity especMy r 

c eai j and simply that everyone can understand it , 

’ y analogy, Pupin postulates “molecules of life” 

which are coordinated in the microcosm of living cells into 

hoT£ow WOr \ Und i r the direction of coordinators which we do 
hot know. - A similar coordination takes plaee in the microcosm 

orgame structures like the human body, and finally individual 

are tlZeooixUnatoZ ^ ^ ^ ««* State 

The analogy which the earlier chapters have prepared us to 
appreciate is very suggestive, and of great beautv. Tnalogies aJe 

tionZTuld f'n 6y Of 1 tenpoinfc the W which further iuvestiga- 

H. A. Perldns, 

Trinity College. 




From Philip D. Jordan, Chicago Evening Post, Nov / 1927 
Fa.Io'.I.Ml,. Dr. P , lpiB . s ™ 

Of the colorful story of man’s dramatic search into nature Zr 

eoTLZTT iS ° ne ° f the best rece,lt ^ ts t0 the long 
me of books winch are continually explaining man’s relation¬ 
ship to a new universe. reiacion- 

As a scientist, the author of tiiis most artistic scientific narro- 

Srf ,lat ' U ' ally filld a confHot between tlie laws of matter 
and the laws of organized religion existing in the minds of many 

i-i FrZl SWe6ps away tbe sbal ’P demarcation and finds tlie 

maTTha fr ““I 1 m i th6 b T 6 , f tbafc the spiritual and the scientific 
march hand in hand, eacli bringing to the other a necessarv 
ingredient to the life of men. necessary 

It is hardly fair, however, to dismiss Dr. Pupin as a mere 
scientist and let the characterization drop there. The man is an 

aH throZl l S ;° PPGdMs thoughts int0 th0 most charming prose 
(,ISCUSSIOn of th0 material and coordinating laws 
malting up the new world ..... 8 ’ 

The hook may be enjoyed by any live and alert person who 
is aware of great scientific changes in the universe. 

From Boston Herald , October 16 , 1927 . 

vietZf *fhh,rZT e n meS -' TT d , 0f talring ft Purely mechanical 
view of things with all spiritual eloments ruled out by a law as 

mcapable of abrogation as that of the Modes and Persians. 
thonT 1116 many n0tabl6 exeeptions - and Prof. Pupin is one of 

is a'nrow b °° k ’ f®!? 1 * 8 Us iasist6ace 011 sciontiflc exactness, 
is a protest against the supposition that the world is to be 

summed up as so much matter and so much motion ,j ; 

In Prof. Pupin’s universe the physical and the spiritual 4 

realities eaoh ° ther > being two terminals of the same 

555 &S555ST lnm “ a “ | 

^ These citations suffice to indicate how favorably Dr. Pupin's I 
Th New Reformation” has already been received. We add 

The cbZterTnf M - V T . °1 Profsssor Perkins the following: >. 
give a most nnL 8 T dea ' ing ™ til tIlG electrical science ■ 

ot tb8 

^ . .... J I.', 


f.minim. 


From John 6. Neihardt, St. Louis Post-Dispatch, Oct. 89 1987 

m rs 

understand that 2 nan, though an animal, is also human because 
be fl h the art animal; that is, he is capable of combimng Ste 

, tk ® anaroliio state of tliought and the cynical 


^ PERSONAL MENTION 

........... . . . .j 

CimTuZ T USA ?, HA r nS 1WS reo0 'Rly joined the Empresa 
i Lena, tho largest and most up-to-date Portland 
oement manufacturers in Portugal. 

Elmer A Smith has received notification of recent reelection 

recoaZ on f P d0S Sciene6s > Toul °n. Prance, in 

profession? dlStmglllabed work rendered to the electrical 

MMr,r'r^ AW n m& ' f0rmerly pat6nt 8 °l*°itor for tlie Packard 
Motor Cai Company and Bell Teleplione Laboratories was 

Nml York, 0 N a Y ent att ° m6y ^ ^ Westera Eleotrio Company, 

CnonoE B. JoitNSj who has been with tlie Union Gas & 

SotriZ C ° mPally ’ p GmC i nnati ’ Obio - haa no ' v become assistant 

P»ni... 0n5S“N Y, A ‘* K, '*‘* d G “ “ d B '“““ ° 0 ”- 

dA t NA : y ANDERP0 “, electrical engineer, Cia. Westinghouse 

fri In f t r m r al ' S - A “ Bueuos Aip es, has been appointed 
a member of the Argentine Commissions for the Regimentation 
of Installations for Watfchourmeters. 

otl ®' K ‘ on November X, was appointed distribution 

engineer of the New York Power & Light Corporation, at Albany” 

yearS ’ Mr ' Karober bas been affiliated 
with the Utica Gas & Electric Company which for the past 
two years he has served as chief eleotrical engineer. 

IslanZTw Y R0 7 DBN ' I f ° rmerly AsS ° ciate ® n Kineer at Mare 
island Navy Yard and more recently radio engineer of the 
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Federal Telegraph Company’s Research Laboratory under 
Doctor Kolster, is now radio engineer for the Mackay Radio 
and Telegraph Company, Hobart Building, San Francisco, Calif. 

William B. West has recently returned from the American 
Legion Convention in Paris. While abroad, Mr. West spent 
much of liis time visiting power plants and manufacturers of 
electrical machinery, and now has in his possession an interest¬ 
ing collection of photographs of foreign methods and machines; 
also a technical description of the Now Barking Station of the 
County of London Electric Supply Company. 

Professor George C. Shaad, head of the Department of 
Electrical Engineering at the University of Kansas, has been 
appointed Doan of its School of Engineering and Architecture. 
The appointment which was made early in November became 
effective at once, Dean Shaad succeeding Dean Perley F. Walker, 
for whom he was acting dean while Dean Walker was in military 
services 1917-1918. Professor Shaad, who has been a Follow 
of tho Institute since 1913, is also a member of the Illuminating 
Engineering Society, the Kansas Engineering Society and the 
American Society of Mechanical Engineers. 

Obituary 

F. E. Norman, sales manager of the Line Material Dept, 
of the Oliver Iron & Steol Corp., Pittsburgh, Pa., died November 
3, at tho ago of 37. Mr. Norman was born at Hamburg, New 
Jersey, and before under taking Iris electrical career attended tho 
State Normal College for two years. His first work in the field 
was with tho Electric Bond and Share Company, as material 
and construction engineer. Remaining with this company 
for three years, he then joined Messrs. Hubbard and Company 
(Electric Materials Department) as their sales representative 
in New York City, being transferred later to the Pittsburgh 
office to become advertising manager there. Early in 1927, he 
associated himself with the Oliver Iron & Steel Company as 
sales manager of its Lino Material Department, which was his 
position of service at the time of his death, Mr, Norman joined 
tho Institute in 1921. 

F\ E. Idell, consulting mechanical engineer, and an Associate 
of the A. I. E. E. sinco 1887, died September 29, 1927 at his 
home, Allentown, N. J. Mr. Idell was born in Hoboken, New 
Jersey, in 1856. He graduated from Stevens Institute of Tech¬ 
nology in 1877 and in 1921 received its degree of Doctor of 
Engineering. For forty years Mr. Idell served the Cochrane 
Corporation, formerly the Harrison Safety Boiler Works, at 
Philadelphia, as its New York representative,- leaving behind 
him a record most creditable when he left to establish his own 
consulting office. Ho was a member of The American Society of 
Mechanical Engineers, the Engineers Club of New York, the 
University Club of Brooklyn, and the Brooklyn Chamber of 
Commerce. 

Harry L. Brown, Secretary of the Ohio Brass Company, 
former editor of the Electric Railway Journal , and former assis¬ 
tant editor of the Electrical World , died of appendicitis while 
returning to his home at Mansfield from the 01 no-Michigan 
football game. Born in Barry County, Michigan March 1889, 
Mr. Brown was educated in the grammar ancl high schools of 
Grand Rapids, In 1908 ho entered the University of Michigan, 


and was graduated in 1912 with the B. E. E, degree. He was 
promptly made editor of Electric Traction remaining as such 
for two years; then lie was chosen special engineer of the Chicago 
Telephone Company, In 1915 he returned to press work how¬ 
ever, ancl became assistant editor of the Electrical World in the 
Chicago territory. Here he was in close contact with all phases 
of central station work, giving particular attention to tho elec¬ 
trical distribution systems, new i>owor plant design and con¬ 
struction, illumination problems, etc. In 1917 be was made ♦ 
western editor of the Electnc Railway Journal , responsible for 
editorial matter from the central west and naturally in close 
contact with the electrical side of the electric Railway industry,* 
with extensive study of automatic substations, all electrical 
developments and other engineering con's id ©rations. In 1918, 
he responded to military call first as 1st Lieutenant and then 
Captain of the Signal Corps, U. S. A., in charge of the preparation * 
and supply of technical training literature for the Signal Corps, 

In fact in his book, ‘‘Radio Engineering Principles,” completed in 
1919 for use as a college text book in tho Signal Corps courses 
being given by twelve universities, lie endeavored to bring the 
theory of radio up to the minute including suoli developments as 
were made during the war. Mr. Brown never tolerated medioc¬ 
rity in anyone, himself included, and if ha did not spare others » 
;n any given task which he allotted them, neither did ho spare 
himself. This was never made more evident than i n his i mp or taut 
work of 1924, when with Secretary Welsh and Harley Johnson, 
as members of the committee on foreign practise, ho spread be¬ 
fore the industry a summary of foreign practises with comment 
on the applicability of European methods for adoption in the 
United States. As commented by the president of the McGraw 
Hill Publishing Company, Mr. Brown served faithfully and 
loyally and his constructive influence was one which industry 
could ill afford to lose, IIo joined the Institute in 1919. 

James Roy Craighead, assistant engineer of the engineering 
laboratory of the General Electric Company, and Fellow of the 
Institute, died suddenly at his home, Rosendale Road, Schenec¬ 
tady, N. Y., November 22, of angina pectoris. Mr. Craighead 
was bom at Saratoga Springs, N. Y., July 14, 1S74, and there 
received Ms early education. He .was an 1898 graduate of 
Williams College with the degrees of B. A. and M. A. He was 
also an enthusiastic student of arts and sciences, a facile writer* 
and a graduate in chemistry and physics with Phi Beta Kappa 
rank. For ten years he was principal of the Lansingburgh 
(N. Y.) Academy, now a part of the Troy public school system, 
his was a most successful teaching career. In 1908 he joined the • 
General Electric Company ancl has been with them over sinee. 
Mr, Craighead was prominent in many laboratory development^, 
including a system of metering for electrified railroads, instru¬ 
ment transformers, and methods and apparatus for standardizing 
transformers. He has also done much iu developing standards 
for electrical machinery for the General Electric Company as 
well as other engineering societies. He was Chairman of the 
Institute's Committee on Instruments and Measurements, past 
chairman of the Schenectady section, chairman of the Steftimetz 
Memorial Lecture Endowment, member of the American Physi¬ 
cal Society, the A. S. M. E. Power Test Codes, Instruments and 
Measurements committee, and a Theta Delta Chi. 
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Cleveland 

A n Enaineerino Yardstick Applied to Residence Lighting Equip¬ 
ment by Ward Harrison, Director, Illuminating Engg. 
Dept, Nela Park. October 27. Attendance 80. # 

Columbus 

Electric Refrigeration, by R. L. Robillard, Frigidaim Corp. 
Illustrated with the following motion pictures: Sands on a 
Slippery Sidewalk' 1 and “Diagrammatic Operation of the 
Frigidalre.” October 28. Attendance 33. 


Connecticut 

Transmission of Pictures over Telephone Circuits , by R. D. Parker, 
A. T. &T. Co. Illustrated. October 25. Attendance 160. 

Cincinnati 

Inspection trip to Wright Aviation Field, and a dinner, ah which-£ 
a talk was given by Major Dill on "Tlie Spokane Air _Race^’^i. 
At the meeting which followed talks were given by Lt 
on “Radio Beacons" and Mr. Showalter on “Earth Inductpr 
Compass." Illustrated. October 18. Attendance 
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Denver 

The Range of Communication, by Bancroft Glierardi, National 
President, A. I*. E, E. ^Illustrated with motion picture 
depicting the transoceanic telephone service. September 
23. Attendance 90. 

Romance of Power , by C. M. Ripley, General Electric Co. Illus¬ 
trated, The meeting was preceded by a dinner. October 
21. Attendance 200. 

Transmission-Line Stability, by A. W. Copley, Wostinghouse 
6 Elec. & Mfg. Co. Illustrated. October 28/ Attendance 50. 

Detroli-Ann Arbor 

Recent Developments in Single-Phase Motors, by Prof. B. F. 
Bailey, University of Michigan. October 18. Attendance 
275. • 

Erie 

Taking the Teeth Out of Lightning, by H. M, Towne, General 
• Electric Co. Illustrated. October 18. Attendance 80. 

• Fort Wayne 

Electric Arc Welding in Manufacture and Construction, by D. H. 
Dfcyoe, General Electric Co. Illustrated. November 10. 
Attendance 110, 

fndianapolis-Lafayette 

Trend of Science in Management, by L. W, Wallace, Exeou- 
tive Secretary, American Engineering Council. October 
27, Attendance 427. 

Kansas City 

Aviation , by Capfe. Francis Poindexter, Resorvo Air Corps« 
Illustrated. October 17. Attendance 35. 

Standardization in Engineering Work, by A, P, Denton, Denton 
Engg. & Construction Co., and 

Liquid Air, ? Electricity and Magnetism, by Dr. H. P, Cady, 
University of Kansas. Joint meeting with University of 
Kansas Brand* November 1. Attendance 100. 

Los Angeles 

High-Voltage* Oil Circuit Breakers for Transmission Networks, by 
Roy Wilkins, Pacific Gas and Electric Co. Illustrated 
The meeting was preceded by a dinner. November 1. 
Attendance 135. 

Lynn 

Instruments Used in Aeronautics , by Prof. Wm. E. Brown, Mass. 

Inst, of Tech. Illustrated. October 26. Attendance 159. 
Record Developments in Electrical Insulation, by L. E. Barringer 
General Electric Co. November 9. Attendance 125. 

Pittsburgh 

Tendencies in Modern Transportation, by N. W. Storer, Westing- 
house Elec. & Mfg. Co. September 13. Attendance 400. 
Television t by H. M. Stoller and J. W. Horton, The Bell Tele¬ 
phone Laboratories. October 11, Attendance 650. 

Pittsfield 

Jnspeetion trip to the following industries: Cluett, Peabody and 
Co., Ford Motor Co., Ludhun Steel Co., and Jolm A, 
Manning Paper Co. October 12. Attendance 150, 

To the North Pole and Back Again, by Floyd Bennett, U. S. N. 

A dinner preceded the meeting. November 1. At^ 
tendance 900, 

Portland 

Gcnerab Problems Relating to High-Voltage Systems, by R. D 
Evans, Westinghouso Elec. & Mfg. Co. September 27* 
Attendance 70. 

Providence 

Modern Power-Plant Design in This Country and Abroad by 
G. A, Orrok Consulting Engineer. Illustrated. The ’talk 
was preceded by an inspection trip to the Somerset Station 
of the Montaup Electric Co. October 25. Attendance 80. 

4 *miiuiiiw mini mi nun itimii 111111*11111 mi 


Rochester ^ 

Engineering Features of Radio Station WHAM, by A. B. Cham-lf 
berlain, and • : :-§j|J 

The General Subject of Broadcasting, by E. E. Chappell, After "Sf 
the talk the members visited the new WHAM' Studio 
Joint meeting with I. R. E. and R, E. S. October 7. At- ™ 
tendance 175, xj 

St. Louis 

The Emmet Mercury-Vapor Process , by L. A. Sheldon, General 
Elec. Co. Illustrated. September 21. Attendance 132, 

The Economic Factors Affecting Apparatus Designs, by T, S; 

Perkins, Westinghouse Elec. & Mfg. Co. Illustrated""®.™^ 
October 18. Attendance 51. 

Schenectady : 

Smoker. October 21. Attendance 225. ,C ^w!m 

Low Cost: What the Engineers Can Do, by W. R. Burrows, General SSHI 
Electric Co. Preceding the lecture a motion picture, 
entitled “The Making of Lamps,” was shown. Joint 
meeting with A. S. M. E. October 27. Attendance 200. 

Seattle . : 

The A pplication of Carrier Current to Relay Proleclion, by A. S, - : 

Fitzgerald, General Electric Co. October 11. Attendance 77, '% 

Sharon 

The Modern Reproduction of Sound , by C. R. Hanna, Westing- M 
house Elec, & Mfg. Co. October 12. Attendance 158. 

Spokane ij 

General Problems Relating to High-Voltage Systems, by R. D. 

Evans, Westinghouse Elec. & Mfg. Co. * October 3. At- ^tlp 
tendance 26. 

A Carner-Cinrent Pilot System of Transmission-Line Protection , 7®f§ 
by A, S. Fitzgerald, General Electric Co. 'October 13, ifim 
Attendance 20. 



Springfield 




1 

Robert’fill 
31. 


Ccnlml-Offw Machine Switching, by Ralph Sheppard, New!! 
England t elephone Co. October 17. Attendance 90. ; 'f 

Syracuse ^ 

Pou>(??-7 Systems and Interconnections, by 

Treat, General Electric Co. Illustrated, October 
Attendance 136. 

Toledo 

Research in Concrete Mixtures in Building Construction, bv CoU®®Wl 
Boyden. October 12. . Attendance 71. ■; 

Toronto ' mm 

L - ciark ’ Bon T ° iephone c §g| 

♦ Urbana 

Theory and Manufacture of Electrical Measuring Instruments by 
A. 1*. Corby, Weston Electrical Instrument Corp. Joint 
meeting with Electrical Engineering Society. October 18. 
Attendance 224. • 

Utah 

Stability of High-Voltage Power-Transmission Systems , by A. 
n \ W^tinghouso Elec. & Mfg. Co. Illustrated. 

October 31. Attendance 30. 

Vancouver 

High Lights of Telephonic Transmission, by C. H. McLean, 

tendance 1 gg 6pll0ne C °- Illustrated. November 1. At, J* 

Inspection trip to the Seymour-Douglas Exchange of the B. C. !!l|jlL 
Telephone Co. November 5. Attendance 24. . wj| 
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ELECTRICAL SHOW AT PENNSYLVANIA STATE COLLEGE 

'/|electrical show held by the Pennsylvania State College 
Branch on Alumni Homecoming Day, October 29, 1927, the 
^2 exhibits covered a wide variety of subjects and were viewed 
by several thousand persons. 

p Boma'of the.exhibits of an instructive nature included plans and 
^es^^eleotrio plaint, a model substation and transmit 


; “ v '7T^ 7 transmit receivers. A Panatrope 

slop line, Jenkins picture transmitting*apparatus, automatic tele~ # the room furnished music. 


.......... . ..„i»,„ihi,.„", ... m J 

phone equipment, electric meters and parts, a Tesla coil in opera- 
tion, etc. Several exliibits illustrated use of colors in illumination. . 

Among i?he ‘ 1 trick” exhibits were a wireless light, a mysterious ® 
egg, rotating coppef ball floating in a glass jar, a tin can lid: 
motor, and a bucldng motor. , 7 

There were several exhibits of household appliances and radio,- ' 
receivers. A Panatrope with loud-speakers in various parts of;:’ 


-:WR 
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BRANCH MEETINGS 
Alabama Polytechnic Institute 

Automatic Control Systems, by W. P. Smith. A talk on “Electric 
Arc Welding” was also given. October 6. Attendance 63. 
Smoker. October 27. Attendance SO. 

University of Arkansas 

Business Meeting. October 10. Attendance 16. 

Types of Banks, by Mr. Collier, Vice-President, First National 
Bank of Fayetteville. October 20. Attendance 19. 
Electric Heating Units , by Mr. Dorman, and 
Testing Watthour Meters, by Mr. Beiil. November 3. Atten¬ 
dance 13. 

Armour Institute of Technology 

Talk by E. S. Nethercut, Secretary, Western Society of Engineers 
on Dr. Pupin’s book “From Immigrant to Inventor.” 
Joint meeting with Annoiir Branch, W. S. E, October 21. 
Attendance 80. 

Brooklyn Polytechnic Institute 

Business Meeting, The following officers were elected: Presi¬ 
dent, J. Brown; Vice-President, H. Tliieling; Treasurer, 


H. Steen; 
dance 53. 


Secretary, F. Campbell, October 4. Atten- 

tlnlvcrsity of California 

Business Mooting. October 12. Attendance 25. 

Carnegie Institute of Technology 
Experiences Abroad, by Prof. S. B, Ely; 

The National A, 7. E. E ., by Prof. W. R. Work, and 
The Branch of the A. L E, 7?,, by Prof, B. C. Donnison, October 
5. Attendance 61. 

Case School of Applied Science 

The Work of the Branch Counselors, by Prof. H, B. Dates; 

My Recent Trip to Europe, by Prof. T. D. Owens; 

Experiences as a Student in Europe , by Prof. P. L, Hoover; and 
Greatness of the IfCcctricat Profession , by Mr, Mills, The meeting 
was preceded by a dinner, Mr. J. G* Currie, Chairman, 

. - outlined the program for the year. November 1. Atten¬ 
dance 35. 

Catholic University of America 

The Aims and Accomplishments of the A . L E , E t , by Prof, 
T. J. MacKavanaugli. ’ The following officers were elected: 
President, J, V. O’Connor; Vice-President, B. A. Biggins; 
Secretary, R. II. Rose; Treasurer, D. V. O’Leary. October 
18. Attendance 28. 

■v . 

Clemson. College 

Business Meeting, The following officers were Elected: Chair¬ 
man, A. P. Wylie; Secretary, W. J. Brogdon. October'29. 
Attendance 15, 

Colorado Agricultural College 

Generation and Distribution of Power, by Clarence Boyd. October 
24. Attendance 13. 

University of Colorado 

The Romance of Power, by C. M. Ripley, General Electric Co. 

Illustrated. October 19, Attendance 500. 

Nineteenth Annual Applefest. A talk was given by Dean Milo 
S. Ketclrum, University of Illinois, The meeting was 
concluded by entertainmont and refreshments. November 
2. Attendance 500. 

University of Denver 

.Business Meeting. October 12. Attendance 10. 

Modern Telegraphic.Methods and Equipment of the Western Union 
Telegraph Company, by Glen W, Earnharfc. October 21, 
Attendance 30.- 

Duke University * 

The A, L E. E., by Prof, S. R. Sohealer. October 17. Atten¬ 
dance 13, 

Georgia School of Technology 

Aims of the Branch and of the A. 7. E. E., by Prof. E.,S. Hanna- 
ford. October 14, Attendance 72, • 

Three Wire Railway System, by C. E. Bennett, Georgia Power Co. 
The following officers werb elected: Chairman, J. A. Ilart; 
Vice-Chairman, F. W. Bush; Secretary-Treasurer, O. P. 
Cleaver., October 28. Attendance 70, 




9. 


University of Idaho 

The Machine Age , by C, W. Miller, student, and 
A More Flexible Lighting System, By R. P. Morris. 

Attendance 21. 

Iowa State College 

Business Meeting. October 25. Attendance 11. 

State University of Iowa 

Comparison of Senes and Multiple Street Lighting Systems, by 
W. E. Christiansen; * 

Insulation Resistance in Electrical Machinery, by II. W, Franks; 
and 

Relation of Steam to Hydroelectric Generation, by L, L. Heskett. 

October 12, Attendance 27. • 

Measurement of Power by the Oscillograph, by G, R. Parizek, and 
Changing Transformer Voltage, by W. H. Wickham. Oeteber 
19. Attendance 23. # 

The Place of the Synchro7ious Motor in Industry, by W. W. 
Wertzbaugher, and 

Some Theories of Lightning, and Lightning Protection * of Oil 
Reservoirs, by Alfred Foldt. October 26. Attendance 26. 

The Operation and Care of Storage Batteries, by R. N. Woldy; 
Automatic Switching Control for Mercury Arc Rectifiers, by E 
Anderson; 

Some Interesting Factors of Fuses, by II. W. Johnston; and 
The History of Mathematics, by J. T, Hioklin, November 
Attendance 29. 

University of Florida 

Talks were given by W. II. Johnson and R, E. Lee, students, on 
their work during the summer with the Westinghouse 
Elec, & Mfg. Co. and General Electric Co,, respectively, 
October 10, Attendance 24, # . 

Lehldh University 

Some Developments in the Communication Field , by H. B. Shep¬ 
pard, A. T. & T. Co. November 10. Attendance 100, 

Lewis Institute 

Business Meeting. October 11. Attendance 60. 

•Human Engineering, by Alex D. Bailey, Commonwealtli Edison 
Co. Joint meeting with W. S. E. Novombor 2, Atten¬ 
dance 125. 

Louisiana State University 

Business Meeting, October 28. Attendance 20. 

University of Maine 

Machine Switching, by J. M. Bridges, student. 

Attendance 17. 

Marquette University 

Elimination of Defective Equipment in the Central Office, 

George Baumbach, Wisconsin Telephone Co. Mr, J. . , 
Adriansen reported on the Detroit Convention and Prof. 

J. F. II. Douglas outlined the advantages of attending the 
Great Lakes District Convention in Chicago, October 6. 
Attendance 25. * 

Massachusetts Institute of Technology' 

What Kind of an Engineering Job Can I Get and How Do I Go 
About Getting It, by W. O. Bursch, General Electric Co. 
The talk was preceded by a film showing some of the tests 
made by the members of the General Electric Cooperative 
and Graduate Courses for Students. Free supper. October 
28. Attendance 305, 9 ■ * 

Michigan State College 

A film of the Steam and Hydroelectric Plants of the Consum¬ 
ers Power Corporation was shown. Novombor 1. Atten¬ 
dance 53. *J : : 

Inspection trip to the Moore’s Park Light and Power Plant of 
Lansing, Novombor 2. Attendance 29. 

School of Engineering of Milwaukee • 

Transmission and Distribution Systems , by G. G. Post, The 
Milwaukee Electric Railway and Light Co. Illustrated^ 
October 14. Attendance 175. 

University of Minnesota ; ;' S : 

Smoker. The following committees were appointed: Publicity; 
A. I. E, E. Board of Control, Membership and Meetings an®: 
Papers. M, E. Fiene, Teaching Fellow, and Mr, Sohwepjpe. 
graduate student, told of their experiences with the. General 
Electric Co. and Westinghousa Elec. & Mfg. 
tively, during the pasi summer. October 4* Attendande%Y*!@ 

, • *" --it. V/.:. 
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Chicago District Electrical Developments, by B. G. Jamieson, 
Commonwealth Edison Co, A dinner preceded the meeting. 
October 24. Attendance 80. 

University of Missouri 

Stammer Experience with the Panhandle Power & Light Co Borger, 
Texas, by C. V. Dunn, student; 

Summer Experience with Westingkouse Service Station, Chicago, 
III., and with'American Sheet and Tin Plato Co., Gary, 
Ind,, by Lionel Schott, student; aud 
• Summer Experience with the American Telephone & Telegraph Co, t 
St. Louis, Mo., by C. E, Schooley, student, October 12, 
Attendance 35. 

Types of Electric Welding , by R. Muencli, student, and 

Summer Experience with Westingkouse Electric cfc Manufacturing 
Company , by E. S. Rehagen,. student, November 9. 
Attendance 33. 

« 

• Montana State College 

Plastic Flow and the Strength of Cold-Worked Steel , by E. B, 
Morris, Dean of Engineering. October 13. Attendance 180 

Power Develop7ncnts and Generation , by E. A, Elge. October 27, 
Attendance 124, 

Banquet. Novembers. Attendance 72. 

University of Nebraska 

My\Trip Around the World , by Carl Madsen, Westinghouse Elec. 
& Mfg, Co. October 13. Attendance 68, 

University of Nevada 

Power Transmission, by P. B. Garrett, Westinghouse Elec. & 
Mfg. Co. The lecture was preceded by a moving picture 
entitled ‘Electrically Made Steel." September 21. At¬ 
tendance 47. 

Motion pictures, entitled “Bituminous Coal” and “Anthracite 
Coah were shown, in connection with which Prof, 0, J, 

' Mithoug gave a talk. October 20. Attendance 33, 

Newark College of Engineering 

Earth Inductor Compass, by Mr, Speckman, student, and 

Phantasmal Visions, by Mr. Condit, student. October 
Attendance 19. 


19. 



University of New Hampshire 

Thompson Integrating Wattmeter t by E. A. Goodwin, and 
Collection of Current from. Overhead Contact Wires, bv E E 
Lafond. October 12. Attendance 39. 

* Business Letter Writing, by R. M, Fulsom, and 
Wiring Requirements of the Portsmouth Power Co,, by H. W 
Lawry. October 19. Attendance 39. 

The Contract of the Portsmouth Power Company and the University 
m New Hampshire, by J. M. Lee and Leon Morrissette, and 
Hdio to Gel the Job You Want , by L. L. Landon. October 26. 
Attendance 35. 

Oscillograph#, by Charles Morrels and A. R. Neal, and 

Incandescent Lamps, by M. B. Sargent. November 2. At¬ 
tendance 35. 

Lightning, by L. C. Simpson and J. Q. Wendell, and. 

A.C.Tl atlmelers, by J. F. Stevens. November 9. Attendance 33. 

College of the City of New York 

,TripB>lhe Museum of Peaceful Arts. October 25. Attendance 15 
BxUn Z°‘l 0/ iV «“> Yor \? il V> by T. K. Thompson. Illustrated ' 
dance 58? g " ‘ S ' Cl *■ November 3. A?teu- 

Moti^ pip^res, entitled‘‘Laying the World’s Fastest Cable” 

withC^CNYXrti^ri' 1 ! 0 ' J ere ® hown - Joint meeting 
wiui G.G.N.Y. Radio Club. November 10. Attendance 33? 

- New York University 

d^idod e tlmt P H?fR™ C ? ,nmitt . 60 was appointed and it 

*nSSM A A.TnS«" a 3 T“’ Po1 """ “““ 

Tc^nV l0p T nU ° 5 Easl and Coasts, by 
X Attendance 96. Caro ma Powcr and Light Co. October if 

y-vy.:-. « A 


University of North Carolina 

Amateur Radio , by George Rose, student. Oetoboi* 20. At¬ 
tendance 39. 

Use,of Protective Relays, by C. C. Hassell, student, and 

Holes, Poles, and Guys , by J. D. McConnell, student. November 
3. Attendance 27. 

University of North Dakota 

Business Meeting. The following committee chairmen wore 
appointed; Program, Norman Cross; Membership, Robort 
Sturtevant, October 3. Attendance 11. 

The A. L E, E,, by Prof, D, R. Jenkins; 

Experiences with the Curtiss Light Company During the Summer 
Months , by Harry Olson; and 

Summer Experiences with the Westinghouse Elec . <fc Mfg, Com¬ 
pany, hy Nels Anderson, A motion picture on the “100- 
Kw. Vacuum Tube” was shown. October 17. Attendance 1L 

Inspection trip through the East Grand Porks Plant of tho 
American Beet Sugar Company, Joiut trip with A. S. M, E. 
October 21, 

A Method of Regulating the Thickness of Rubber and Paper Sheds, 
by Torval Kittleson; and 

Progress in the Electrification of Railroads, by Alfred Bottom 
A motion picture on “Diesel-Electric Drivo for Ships’ 1 was 
presented by Robert Sturtevant. October 27, AtionclancolG. 

Electncity in the Copper Mines, by John Walsh, and 

Radio Broadcasting Apparatus, by Norman Cross, Motion 
picture on the Synchronous Condenser was shown. Novem¬ 
ber 7, Attendance 16. 

Ohio University 

Business Mooting. The following officers woro oleotod: Chair¬ 
man, C. C. ICeleh; Vice-Chairman, A. II. Nylos; Secretary- 
Treasurer, H, W. Giesecke. October 23. 

Ohio Northern University 

The Purposes of the A. I. E. E., by Professor I. S, Campbell. 
September 15, Attendance 35. 

Electric Welding , by R. Lebengood, and 

Automatic Substations, by J. L. Simmons, President, September 
29. Attendance 27, 

What is Engineering?, by Emerson Smith. November 3. At- ' 
tendance 28. 

Oklahoma Agricultural and Mechanical College 

Uses of Power Transformers, by Charles Wyatt. Motion pic¬ 
tures, entitled Power Transformers” and “Busy Body” 
wore shown. October 10. Attondanoo 90. * V ‘ i : 

Oregon State College 

SlUd cLlZt^ U il l l u ! L E ‘A" Prof ‘ F - O- McMillan. 
Uiianman J, D. Hertz road the By-laws concerning pros- 

™MW ad / r8e , d that al1 students prepare 
papers. October 13. Attendance 72. 

Smoker, Prof. R. H. Dearborn spoke on the "Aotivitios of tlio 
T AJ a k was oJs? &>von by Prof. F. O. McMillan 



Pennsylvania State College 

Afk AUondmee by Prof> K Kins,oe - October 2C. 

University of Pittsburgh 

Busi m?n The f o>'ojviug officers wore elected: Chaix- 

T?easm-fi^']^T? g b V,Ce ' C « a, T ai i’ E> R Sn - vdor ; Soorotary- 
lrea si'iei, R. H. Perry. September 30. Attondanoo 45. 
Wire, by R. P. Snyder; 

Is Flying Really Safe?, by R. H. Perry; and ' 

Bees, by K. A. Wing. October 7. Attendance 43. 

Design of Indoor Bus Supports, by R. H. Albright, and 

end oZCu! iio uiS^i: eei Railwavs> by IL E - Zaniwy ’ 

An Outing* by G. G. Bohn, and 

by W ' H - 

SZeCi tendfnce fl 43 ia " i?,S ' by Caveny. October 28. At- 
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Princeton University 

Business Mooting. The following officers wore elected: Chair¬ 
man, R. II, MacGregor, Jr.; Secretary, W. Wilson. October 
17. Attendance 7. 

Purdue University 

& a jy ?jivp? r ^ ncii °j 

- -.cfe Light Co., bv 

October IS. Attendance GO. 

Engineering Patents, by Prof. L 
November 8. Attendance 40. 


Distribution Practises on 11,000-Volt, Ik,. - .- v 

Texas Power <fc Light Co., by S. P. Welch. Illustrated. 


D, Rowell. Illustrated. 


Rensselaer Polytechnic Institute 

Talks wore given by the following students on their work during 
the Summer with various public utilities; S. Benson— 
United Electric Light Co.; II, Pratt, General Signal Co.; 

M. Rooks and 0. Smith, Now York Edison Co.; R. Knapp, 
American Tol. & Tel. Co.; W. Mayott, Hartford Electric 
Light Co. OotoborlO, Attendance 73. 

Rhode Island State College 

Electronic Rectifiers , by J. H. Allonson. October 14. At¬ 
tend aneo 28. 

A Review of the History, Development and Uses , of the Coolidge 
Vacuum Tube, by P. M. Hammett, student. October 21. 
Attend anco 32, 

Motion picture on “Tho Manufacture of Porcelain Insulators” 
was shown, Novoinbor 4. Attendance 41. 

Rutgers University 

Storage Batteries, by IL W. Willhardt, student, and 
The Steam Generating Plant al Hollywood,^ by II. W. Dottmor, 
fitudont. October 10. Attendance 10. 

South Dakota State School of Mines 

Business Mooting. Mr. R. Mytinger was elected Secretary. 
September27, Attendance 19. 

Talks woro givon by the following students on their work during 
the Summer with various companies: E. Perronoud, 

N. W. Boll ‘{Telephone Co.; 0. Taylor, North Western 
Statos Portland Cement Co.; R. Osborn, C. B. & Q. 
'Machine Bhops at Edgemont, S. D. November 1. At¬ 
tendance 22. 

Operation of D . C . Generator and Motors al Speeds and Voltages 
Other Than Those Specified on the Name Plate, by Mr. 
Schell. Ootobor 19. Attemlanco 12. 

University of Southern California 
Business Mooting. The following officers were elected: Chair¬ 
man, Lester Bateman; Vice-Chairman, A. E. Saylor; 
Treasurer, Booth Cummings; Secretary, L. F. Slezak. 
October 5. Attendance 20. • 

Installation of Electric Railways in the Copper Mines of Northern 
Chile , by II. A, McCarter, Westinghouse Eloc, & Mfg. Co. 
Illustrated, October 12. Attendance 43, 

Inspection trip to the Oil Refinery of the Standard Oil Company 
at El Sogundo. October 21. Attendance 45. 

Stanford University 

Talks were given by N. R. Morgan and R. W. Clark, students, 
on tlioir Summer Work. October 18. Attendance 32. 

Stevens Institute of Technology 

Business Mooting. The following officers were elected: Chair¬ 
man, W. N, Goodridge; Secretary-Treasurer, S. J. Tracy. 
Octobor 27. 

Swartlimore College 

Mining Engineering as a Profession; 

Rubber Research Laboratory of the Bureau of Standards t and 
Machine Shop Practise. October 13. Attendance 50. 

University of Tennessee 

Inspection trip tor the WNOX Broadcasting 
Peoples Telephone Co. November 2, 

Texas A* M/Collede 

Solenoids and Toroids, by S. IL Simpson; • 

Television , by W. C, Tinus; and 
Diesel-Electric Femes , by W, 

■ Attendance 75. 


University of Texas 

Prof. J. M. Bryant explained the activities and work of the 
A. I, E. E, and discussed some of the latest methods used 
in the manufacture of electrical machinery, October 5. 
Attendance 14. 

Power IAne Up-Keep, by J. B, Robuck, student. October 26, 
Attendance 11. 

University of Utah 

Business Meeting. D, K. Brake was elected Vice-Chairman to 
succeed C. E. White, present Chairman. October 18. 
Attendance 21. 

Virginia Military Institute 

I Vhal a College Graduate in Electrical Engineering Is m Equipped 
To Do, by Capt. J. S. Jamison; The Engineering Problems of 
the Reconstruction of the Rheims Cathedral, by Cadet G. W, 
Day; Electrolytic Production of Zinc, by Cadet E. F. James; 
and 

The Completion of the Moving Picture Booth and Installation of the 
Motor Generator Set al V. M. J., by Cadet D, N. Higgins, 
October 29. Attendance 24. • 


Station of 
Attendance 25. 


the 


C. Dickinson, October 14, 


State College of Washington 

Prospects for the Future, by Dean H. V. Carpenter. October 5. 
Attendance 41. * 

University of Washington 

The Columbia Basin Project , by W. T. Batcheller. October 14. 

# Attendance 33. 

Relay Operation and Maintenance, by G, R. Rice, Puget Sound 
Pr. & Lt. Co. November 4, Attendance 23. 

The Induction Lamp, by W. T. Kelley, student, and m 

The Chelan Power Project, by II. H. Smith, student, October 
28, Attendance 21. \ 

Washington University 

Automatic Substations, by Joseph Mazanec, Jr.; Secretary. 
October 20. Attendance 28, 

Synchronous Motors , by S. II. Mortenson, Allis-Chalmers Mfg. 
Co, November 8. Attendance 41. ’ 

Washing ton and Lee University 

Business and Social Meeting. October 21. Attendance 35. 

West Virginia University 

Keeping Pump Primed Without Fool Valve, by A. L. Lindlay; 
Dismounting the Top Cord of a Bridge, by S. C. Hill; One- 
millionth of an Inch Photograph, by L. T. Right; Inccmdes- § 
cent Lighting, by C. M, Borror; Substation Design, by F. M. 
Farray; Large Hydroelectric Plant at Equzon, France, by 
II. II. Hunter; Squaring a Circle, by D, Carle; and The 
Flivver Passes, by R. 0. Fletcher. October 3. Attendance 3d, 
New Alloy of Copper, by G. B. Pyles; Heroes of the Underground, 
by E. W» Conway; What's Wrong with Science?, by C.*C. 
Coulter; Cement, by F. D. McGinnis; Sound Compass p by 
W, S, Bosely and R. II. Pell; Process of Manufacturing and 
Testing Choke Coils for Radio Power, by M. S, Dki»; Demand 
for Power,' by A. H. Huggins; Electro-Deposition pf Rubber 
Now Possible, by Earl Milam; ancl Comparison of Street 
Light Control Methods, by W. T. Myers. October 10. 
Attendance 34. 

Wiring Houses for Radio, by J. E. Cooko; Baseball at Night, by 
D. E. A kins; Principle of Television, by T. R. Cooper; 
Service and Repair Records for Electric Motors* by W, 
Schramm; Benjamin Gamer La-mine, by F. H. Backus; 
What the Gas Car Means to the Railroad, by G.E. Phillips; 
High Pressure Steam; Its Advantages and’ Disadvantages, 
by JR. N. Kirchner; Safety and the Engineer, by S. J. Donley ; 
Service in the Electric Industry, by H, B. Brosuis;_ aM 
Electrification of the Virginian Railway, by C. Clark. Octo¬ 
bor 17. Attendance 32. _ . „ 

Electricity Speeds Up Crops, by G.1. Burner; Reser¬ 

voirs from Lightning, by Ivan Vannoy; Concrete Bulls 
Prolong Life of Wooden Poles, by A. L. Lindlay ; Erecting a 
Substation bv L T. Kight; The Breathing Action of Elec- 
frtT%uivmIt; by Jofm ’Tinivell - What is Electricity!, 
by M. S: Dm; Work of the Bureau of Mines and Its Methods, 
by C. L. Parks; Pacific Fliers Led by Radio Beacon, by T. M. 
Parray; and Building of Concrete Poods, by H. H. Hunter. 
October 24. Attendance 30. 

r, Ffa/ina Safe? bv G. B. Pyles; Incandescent Lighting, by O. 
Borror; Faster Motor Boats, byE.W. 

Astronomical Distances, by F. D. McGinnis, Locating 
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Mineral Beds by Radio, by C. C, Coulter; A Precision 
Measurement of Puncture Voltage, by R. 0. Pletcher; Long 
Distance Transmission, by M. C. Clark; The Use of Heat 
Generated by Elbciricity, by A, H. Huggins; and The Process 
of Power Installation, by D. Carle, October 31. Atten¬ 
dance 32. 

'Evolution of the Hollow Conductor, by T. R. Cooper; Electrification 
of North America, by F.*H. Backus; Ventilation of the 
Holland Tunnel, by J. W; Schramm and W. T. Myers; 
Protection of Supervisory Control Systems from Lightning and 
Magnetic Induction, by G. E. Phillips; and Colossal Ad. 
Lights, Times Square, New York, by W. S. Bosely. Novem¬ 
ber 7, Attendance 33. 


University of Wisconsin 

Aims of the A. L E . E., by Prof. C, M. Jansky. October 19, 
Attendance 50. -..gi 

Worcester Polytechnic Institute 

The Mohammedan Lands, by Prof. H. B. Smith. Illustrated. 
May 17. Attendance 30. 

University of Wyoming 

Business Meeting. Program and Membership Committeos’were 
appointed. October 25. Attendance 7, 
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t The library is a cooperative activity of the American Institute of Electrical Engineers, the American Society of 
Civil Engineers, the American Institute of Mining and Metallurgical Engineers and the American Society of Mechan¬ 
ical Engineer It is adminstered for these Founder Societies by the United Engineering Society, as a public reference 
library of engineering and the allied sciences . . It contains 150,000 volumes and pamphlets and receives currently 
most of the important periodicals in its field. It is housed in the Engineering Societies Building, 29 West Thirty- 
ninth St., Neio York. 

In order to place the resources of the Library at the disposal of those unable to visit it in person, the Library is 
prepared to furnish lists of references to engineering subjects, copies or translations of articles, and similar assistance , 
Charges sufficient to cover * the cost of this work are made » 

The Library ?naintains a collection of modern technical books which may be rented by jnembers residing in North 
America, A rental of five cents a day, phis transportation, is charged , 

The Director of the Library will gladly give information concerning charges for the various kinds of service to 
those interested. In asking for information , letters should be made as definite as possible, so that the investigator may 
understand clearly what is desired . 

The library ts open from 9 a* m. to 10 p. m . on all week days except holidays throughout the year except during 
July and August when the hours are 9 a. m* to 5 p* m 
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BOOK NOTICES, OCT. 1-31, 1927 

Unless otherwise specified, books in this list 3iave been pre¬ 
sented by the publishers. The Society does not assume responsi¬ 
bility for any statement made; these are taken from the preface 
or the text of the book. 

All books listed may be consulted in the Engineering Societies 
Library, 

ALTERNATING-CURRENT MACHINERY. 

By Richard E. Brown.* N. Y., John Wiley & Sons, 1927. 

. 274 pp., illus,, diagrs,, 0 x 6 in., cloth. $3.00. 

A .text-book planned to give a thorough treatment of the 
principles of a-c. machinery, especially for students already 
familiar with the principles of a-c. circuits. Emphasis is placed 
on the analysis of the performance of the machines. Numerous 
problems are provided for solution with the text or in the ma- 
♦ ohinery laboratory. The book reproduces the course given by its 
author at the University of Pennsylvania. 

Wehr-Unu Stauanlagen. 

By Paul Boss. Ber. u. Lpz,, Walter do Gruyter & Co., 1927. 
132 pp.,illus., diagrs., 6x4in., cloth. 1,50 r. m, 

Intended to- give the student a brief survey of the various 
possibilities for storing water and of the principal points to bo 
considered in planning and building storage works. The dif¬ 
ferent types of dams are described, and the static and hydraulic 
equations necessary for designing them are given. 

Warmetechnische Berechnung deh Feuerungs-Und Dampf- 
kessel-Anlagen. 

By Friedrich Nuber. 4th edition. Mun. u. Ber,, R. Olden¬ 
burg, 1927. 116pp,, diagrs., tables, 7x4in,, cloth. 4,20r. ra. 

Brings together in a book of convenient size for the pocket, 
the principles, formulas, experimental data and other information 
required by designers and operators of industrial heating plants 
and boileP plants. The book is not a text for students, but a 
convenient practical reference work for the engineer. Four 
editions have appeared in eight years. 

Theory of Thermionic Vacuum Tube Circuits. 

By Leo James Peters. N. Y., McGraw-Hill Book Co., 1927. 
256 pp., diagrs,, tables, 9x6 in., cloth, $3.00. 

The aim of the author is to develop conventions and methods 
which may be used to treat electrical networks and systems con¬ 
taining trielectrode devices. He endeavors, by the study of 
selected circuits^nd topics, to illustrate and fix in the mind of the 
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reader the methods and conventions used in arriving at 
performance of triodo circuits, and thus to givo him a knowledge ®|§| 
of fundamental theory and a familiarity with methods which !$$§§! 
will enable him to investigate other systems and circuit arrange- %Mm 
ments than those discussed in the book. 

Spectroscopy, v, 3. . ^ 

By E. C, C. Baly* 3rd edition, N. Y., Longmans, Green 




& Co,, 1927. 532 pp., illus., diagrs., tables, 9x6 in., cloth,illSfe 
$ 7 . 50 . _ • ■ i mmM 

, The third volume of this treatiso discusses those dovolopmohts'jl^^^p 
m spectroscopy which are the more immediate results of the Bohr |®||| 
theory. The spectral series, the Teaman and Stark efToots,, and 
emission band spectra aro treated with considerable fullness. 
nuicli experimental work being described and the principal 
advances in atomic theory discussed as well. ■ 

Siemens JaiAbuch, 1927. ":2 *■ 

By Siemens & Iialske u. Siomens-Schuckortworke. 

V. D. I. Verlag, 1927. 472 pp., illus., port., diagrs,, 8x6 in.,' ll glfc 
cloth. Price not quoted. 

The first issue of a series in which the Siomens & Iialske and '• 
the ,Siomens-Schuckert companies intend to colloot each year : ;;|j||| 
the results of their research and progress which appear of. per- .viiSp 
manent worth. The articles cover a wido range'and are well W\asmm< 
illustrated, ^ lhe senes will be a decided help to the student of 
electrical history as well as a convenient summary of develop- 
ment in our understanding and utilization of electricity, 

Scientific Marketing Management. 

By Porcival While. N. Y., Harper & Bros., 1027. 318 p^lllfl 
graphs, charts, 9 x6in„ doth. $4.00. ' 

The aim of this book is to present the principles and general 
procedure of scientific marketing, so far as tiioy have beori MS 
developed, and to illustrate their application to specific cases, 

1 he book should assist those who wish to build a system 
marketing for an individual company. - ' l ^. 5I|f# 

Principles and Pactice of Mine Ventilation.* 

By David Penman and J. S. Penman. Lond., 'Gharl^^S* 
Griffin & Co.; Phila., J. B. Lippinoott Co., 1027. 303 pp., illus;, ^** 
diagrs., 9xGin, f doth. $ia 00 . • ‘P jjflflP 1 

Written to meet the English requirements for Colliery Man- 
ager s Certificates of Competency, this work covers mine von- 
tilation and topics connected with it,- such as explosions, 
lamps, spontaneous combustion and underground fires, and ’^ilitlf 
rescue and recovery work. It is intended for use as a texthbooKSiSlfil 
and also for reference. r . 
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Pocket-Book of Marine Engineering Rules and Tables. 

. By A. E. Seaton, and H. M, Rounthwaite. 17th edition. 
Lond., Charles Griffin & Co., 1927. 770 pp., dial's., tables, 

6 x4in., fabrikoid. 8s 6d. 

Since tlie last edition of this well-known pocket-book, some 
changes in procedure and practise in marine engineering have 
taken place. These have been noticed in this edition, and the 
text has been brought up to date. 

Physics for Colleges. 

By H. Horton Sheldon, C. V. Kent, Carl W. Miller and Robert 
P. Paton. N. Y., D. Van Nostrand Co., [1927]. 655 pp„ illus., 

0 xGin., cloth. $3.75. 

A general text, the work of four experienced teachers, each of 
whom 1ms prepared a section of the book. Tlio text is readable 
and classical and modern concepts are interwoven throughout. 
The book has been tested by class-room use before publication. 
Modern Waterworks Practice, 

By F. Johnstone Taylor. Lond., Ernest Benn, 1927. 272 pp., 
illus., tables, 8x5 in., cloth. 18s. 

A treatise covering the essential features of water works of 
moderate size. Modern methods of construction arc dis¬ 
cussed as well as modern methods of pumping and purification. 
Modern Electrical Illumination. 

By Cyril Sylvester and Thomas E. Ritchio. Lond. & N. Y., 
Longmans, Green & Co., 1927. 416 pp., illus,, tables, 10 x 7 

in., cloth. $15.00, 

After explaining tlio principles of illumination and vision, 
the book discusses the .lighting of shops, stores, streets, public 
buildings, theaters, dwellings, trains, etc. Chapters are devoted 
to floodlighting, stage lighting, train lighting, and to miscel¬ 
laneous subjects. The book covers the subject in detail and con¬ 
tains many excellent photographs showing current English 
practise. 

Meiirstieuge Raiimen. 

By A. ICleinlogel. 2nd edition, Berlin, Wilhelm Ernst & 
Bohn, 1927. 448 pp., 9x7 in., paper. 28,-r.m. 

A large collGotftn of formulas for the solution of statically 
indeterminate structures, prepared for the use of structural 
engineers. The formulas cover all the systems that ordinarily 
are met with in practise, and in. each case a complete solutionis 
provided. The work will be of great assistance to designers, by 
shortening computations. 

Mechanics of Machinery. 

By C. W. Ham and E, J. Crano. N. Y., McGraw-Hill Book 
Co., 1927. 504 pp., illus,, diagrs., tables, 9x6 in., cloth. $4.00. 

This textbook combines in a singlo volume courses of instruc¬ 
tion in mechanism and in the kinematics and dynamics of ma¬ 
chinery, the aim being to present enough material to give the 
student a working knowledge of both these subjects in the time 
ordinarily available* in a curriculum, In tho first section the 
fundamental mechanisms and the theory of their operation are 
explained. In the second section the student is taught to analyze 
the forces and the motions in those mechanisms or machines, 
Machine Design Drawing Room Problems. 

By O, D. Albert. 2nd edition. N. Y,, John Wiley & Sons, 
1927, 355 pp., illus., diagrs., tables, 9x6 in;, cloth, $3.50, ^ 

A complete drawingroom course in general machine design, 
based upon the author’s experience at Comoll University. A 
knowledge of kinematics, mechanics, and engineering drawing is 

This^edHlon lias been revised and enlarged. The tables haye 
been brought up to date, ancl certain sections have been rewritten, 
Die Lehre Vom Trocicnen in Graphischeii Darstellung. 

By Karl ileyscher. 2nd edition, Berlin, Julius Springer, 
1927. 74pp., diagrs,, tables, 9 x 6 in., paper. 4,50 r. m. 

Discusses the .steps in drying processes on the basis of the 
Muller heat diagram. Diagrams are given for air saturated with 
moisture and for the material undergoing dry mg, and their use 
to promote economy in drying practise is illustrated. 
International Critical Tables ofNumerical Data, Physics, 
Chemistry and Technology, v, 2. 

By National Research Cdunoil. *N. Y., McGraw-Hill Book 
Cp„ 1927. 616 pp., diagrs., tables, 11 x 9 yi., cloth. * Sold only 
on subscription for set of 5 vols., $60.00, payable at rate of 
$12.00 per voL, as issued, 

This volume contains tlie most accurate data available upon 
the properties of a variety of natural and industrial materials 
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and products. Woods, building 
fuels, lubricants, oils and waxes 
materials, and metals are among 1»«v — 

included. The volume will be indispensable in manufacturing 
plants, laboratories, and engineering offices, 

Hydrochloric Acid and Sodium Sulfate. 

By N. A, Laury, N. Y., Chemical Catalog Co., 1927. (Ainer. 

Chem. Soc. Monograph Series). 127 pp., illus., tables, 9x6 in., 
cloth, $4.00. 

This monograph presents the information commonly wanted ■ 
in convenient form. Tlie properties of the acid and of sodium 
sulfate, the principal raw materials and the finished products, 
furnaces, methods of manufacture and economic factors are 
discussed from the viewpoint of the engineer ♦ and. tlie 
manufacturer. 

History and Development of Road Transport. 

By James Paterson. Lond. & N, Y., Isaac Pitman & Suns, 

1927. (Pitman’s Transport Library). 118 pp,, illus., 9 x 6 in., 
cloth, $1.75. ' . V 

Describes how roads develoji, especially those in England, 
the evolution of the wheeled vehicle, the locomotive and the 
motor car, road transport during the last century,. and the 
effects of the motor car upon transport. A convenient brief 
survey of a large subject. • 

Historic Railroads. 

By Rupert Sargent Holland. Phila., Macrae Smith Co., , 

1927. *343 pp., illus,, 9x7 in., cloth. $4.00. 

A popular account of tlie origin of the locomotive and of the 
development of railroads in various lands. ” Some of the more 
important railroads in each continent are described. While 
the books adds nothing new to history, it supplies a readable 
survey of a wide field. 

Flame and Combustion in Gases. • 

By William A. Bone and Donald T. A. Townend. Lond. 

& N. Y., Longmans, Green & Co., 1027. 548 pp., illus., plates, 
diagrs., tables, 10 x6in., cloth. $12,00. 

A review of -the principal researches from the time of Robert 
Boyle to the present day, with special attention to those of the 
modern period inaugurated in 1880. The book opens with a 
hist or ical review of the period 1660 to 1880, Succeeding sections 
survey systematically the present state of science concerning 
the Initiation of Flame and Detonation in Gaseous Explosions, 
Explosions in Closed Vessels, the Mechanism of Gaseous Com¬ 
bustion, and Catalytic Combustion, Each section has a 

^Tlifchenucal aspects of the subject are emphasized, but this, 
extensive exposition of tho underlying principles of gaseous 
combustion will also be of interest to engineers and physicists. 

Engineering Problems Manual. 

By Forest C. Dana and Elmer H. Willmarth, N. Y., 
.McGraw-Hill Book Co., 1927. 187 pp., diagrs,, tables, 8 x 54n,, t 

fabrikoid. $2.00. 

A number of engineering schools give special courses to begin¬ 
ning students, which are planned to develop good habits of 
work and study. These courses, commonly known &s Engi¬ 
neering Problems;’ are based uponpracticnl engineering situations 
and call for a coordination of mathematics and physios m an 
engineering atmosphere. . . T 

The present work is prepared for the courses given at Iowa 
State College and is to be used as a notebook for reference when 
solving problems, in connection with class discussions. It 
contains specifications for well-organized computation sheets, 
notes on basic engineering principles and their use, methods ot 
computation, problems, and a collection of tables, 

Elements of Telephone Transmission, / ^ ^ 

By H, H. Harrison. N. Y., Longmans, Green & Co., 1927. - \ 

147 pp., diagrs., tables, 8x5in., cloth. $2.00. ^ ~ ; 

A brief introduction for the elementary studeut. Intended to 
give him a grasp of the physical processes that oeeflir.in long 
circuits, aud to enable him to understand the more advanced- 
texts. 

Elektrizitat in der Land wirtsch aft 

By C. Buschkiel. Ber. u, Lpz., Walter de Gruyfcer & Co 
1927. (Siemens-IIandbucher, bd. 12). 171 

8x6 in,, cloth. 4,50 r. in. 

An interesting semi-technical description ^ 

of electricity on the farm. The ways-;m j which eleotricity 
be used for power, illuminatibh) niT1D 
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reotions for selecting and installing proper equipment are given, 
and eoonomie question are discussed, A section is devoted to 
signals, telephones, radio receivers, clocks, etc. The book is 
profusely illustrated and attractively printed. 

Dictionary of Applied Chemistry, v. 7. 

By Sir Edward Thorpe. Revised and enlarged edition. 
Lond, & N, Y., Longmans, Green & Co., 1927. 765 pp. f ilhis., 
9x6in., cloth. $20.00. 

With this volume the new edition of this valuable reference 
• work is completed. Long an essential part of every chemical 
library, the revision maintains former standards and will be 
welcomed by all who have need for accurate information on the 
applications of chemistry. 

AMERrcAwSmr 'J’ypes. 

By A. C. Hardy. N. Y., D. Van Nostrand Co., 1927. 262 
pp„ illus., diagrs,, 9x6in., cloth. $5.00. 

t f -fbere has developed in the United States, says this author, 
an important mercantile marine which is entirely domestic and 
which differs in its characteristics materially * from local or 
cloniestic shipping in other parts of the world. In this volume 
he describes the varieties of cargo and passenger vessels, ferry¬ 


boats, towboats, dredges and other vessels that have boon 
developed to meet requirements along our coasts, on the Great 
Lakes, and on pur inland waterways, The characteristics of each 
type and the interrelations of these types are shown, and prob¬ 
able developments are discussed. 

Die Bekampfuno des Erd-und Kurzsciilusses in Hoch- 

STSP ANNUN GSNETZEN. 

By Paul Bernett. Mun. u. Ber., R. Oldenbourg, 1927, 48 
pp., diagrs., tables, 10 x7 in., paper. 4,-r. m. 

Discusses the author's experience with methods of protecting 
transmission lines from grounding and short-circuiting, and also 
current methods for locating faults in overhead lines, 

BerECIINUNG VON DrEHSTROM-KrAFTUBERTRAGUNGEN. 

By Oswald Burger, Berlin, Julius Springer, 1927. 116 pp., 

diagrs., tables, 9 x 6 in., paper. 7,50 r. m, 

book, by the Chief Engineer of the Siomens-Schuckort 
Works, discusses present practise in the design of three-phase 
power transmission systems. Written for designers and opera¬ 
tors of these systems, the book affords, in brief compass, much 
practical, expert advice. 
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!> l an <? sc ”! enl r°£ ihe . national societies of Civil, Mining, Mechanical and Electrical Engineers coovcrat- 
mg with the T! eslei n Society of Engineers. The service is available only to their membership, and is maintained as a cnnn. 
erahve bureau by contributions from the societies and their individual members who are directly benefited 
Offices;—38 West 89th St., New York, N. Y.,—W. V. Brown, Manager. 

* M Jackson Bhd,,Jloovi 1736, Chicago, III, A. K. Krauser, Manager. 

57 Post Si,, San Frajicisco, Calif, r N , D, Cook, Manager, 

JL/BLE.—Brief announcements will be published without charge but will not be repeated except warm 
S Z eC fh*Z? afar an interval of one month. Names and records will remain in the active files of the bureau for a 

EMPLOYMENtTeRVICE °u wwSfc, r t q Z St ' v No F c % for iMs Diriment should be addrZld to 
ofthemonlh SERVICE > 33 West 39th Street, New York City, and should be received prior to the MBth day 

1TIES. A Bulletin of engineering positions available is published weekly and is available in 
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POSITIONS OPEN 

ELEOTRIOAL AND MECHANICAL EN¬ 
GINEER, preferably graduate, under 40, expe¬ 
rienced in.design and manufacture of switches, 
fuses, panel boards, recoptacles and similar 
electrical accessories, as general assistant to cliiof 
engineer of concern producing such devices. 
Should bo billing and able to work at the board 
and handle small as well as big jobs. Opportuni¬ 
ties. Apply by letter. Location, East. X-G28. 

SALES ENGINEER. Graduate of recognized 
engineering school to soli electrical measuring 
instruments and bqulpmont to educational insti¬ 
tutions. Some knowledge of electrical measuring 
instruments and mothods roquirod. Short period 
of training prior to salos work. Considerable 
traveling. Apply by lotter, stating minimum 
salary and enclose*recent photograph. Location, 
Pennsylvania. X-33G1-C. 

GRADUATE, electrical engineer, 27-30, 
familiar with public utility, electric transporta¬ 
tion and general electrical engineering for pro¬ 
motional and editorial work, Permanent. Apply 
bylefctor, Location, East. X-3G12. 

MEN AVAILABLE 

SUPERINTENDENT—ASSISTANT MAN¬ 
AGER, technical graduate, Fellow A. I. E. E., 
Member A. S. M, E., ago 37,15 years' experience in 
design, construction and operation of electric 


utilities, including generation, transmission and 
distribution. Have also activoly engaged in 
power sales and public relations. Desires per¬ 
manent position -with opportunity for advance¬ 
ment. B-G79-L 

ENGINEER, technical graduate, 20, single. 
Fourteen years’ experience, general t os ling, opera¬ 
tion, construction and maintonanco. Speak and 
write five languages. Now engaged in South 
America. Would profor chango to enterprising 
company operating in foreign countries where past 
experience would bo of value and with future not 
limited to technical linos, Preference mainte¬ 
nance . Available in March. B-9611. 

EXECUTIVE ENGINEER, A. S. M. E„ 
A. I. E. E,, 40, married. Business-minded 
engineering executive. Two Cornell degrees. 
Eighteen years power plant design, construction 
and oporation, including four years residence in 
Cuba. Three years exporting and ono year 
with largo holding company. Now York City 
proferrecl. A-3494. 

ELECTRICAL ENGINEER, graduate of 
high grade electrical institute, 12 years' practical 
experience with manufacturing concerns and 
public utility, including eight years substation® 
layout and relay protection, good theoretical 
knowledge of transmission lino calculations. 
Desires position with leading public utility, as 
protection engineer or on transmission and dis¬ 


tribution, research or investigation, work. Pre¬ 
ferred location, East, Now York, or vicinity. 
B-80G8. 

GRADUATE ELECTRICAL ENGINEER, 
ftgo 25, desires position in South America. Fivo 
years’ oxporionco industrial electrical engineering, 
substation and power house dosign and construc¬ 
tion, underground distribution and so forth, 
0-2745. 

ELECTRICAL ENGINEER, 20 years' ex¬ 
perience as executive and ongineor In construction 
and operation of electric lighting and power and 
street railway properties. Initiative and agros- 
sivnoss. Ability in organization and administra¬ 
tion of these properties. Broad oxporionco on 
construction, layout and dosign of transmission; 
distribution system, both aerial and underground, 
snb-station, etc. Available dno month. B-046D. 

MAINTENANCE ENGINEER, now available, 
technical graduate In eloctrical engineering. 
Experience covers installation and repairing of 
apparatus and operating in sub-stations and power 
stations. More recent experience in textile mills, 
ns assistant to mechanical superintendent covering 
layouts for now work and changes including blower 
systoms, lighting, power, heating and ventilating 
and general mill maintonanco. B-3704, 

ELEOTRIOAL ENGINEER, experienced In 
development dosign and manufacture of high 
grade electrical apparatus and instruments. Ex- 
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ecutivo with broad experience. Thoroughly mont assured for maximum efforts. Available building! eight years papermaking industry* 
familiar with modern factory mothods, organization month’s notice. Location preferred Now York 0 on sklerabl o ^ mechanical oxperleuco. Available 
and administration. American born Christian, City. C-3802, on one month’s notice. Cf-3331. _ . 

B _ 2721 COLLEGE Git A DU ATE, 10215, B. S. in Elec- TECHNICAL GRADUATE, 28, with 7 years 

ELECTRICAL ENGINEER, A. I. ID. 3D., 27, trical Engineering, desires position with an olectrl- experience in testing and service work and many 
married graduate electrical engineer, four years' cal contractor with an opportunity to learn tho types of electrical apparatus desires position with 
engineering experience; ono year design and layout business. 0-812. moderate size firm in somo type of sales and 

of substations: three years general engineering SALES ENGINEER, ton years successful service work. Willing to tako a short period of 
work in electrical engineering department of big selling and sales promotion career desires connec- sales training. Location Preferred, Northern 
including construction, system tton with electrical manufacturer. Created New Jersey or Metropolitan District. 0-3020. 
con- demands on electrical merchandising items. Wido 
acquaintance with electrical jobbers, dealers, otc., 


public utility. 

operation: desires new connection with 
tracting, managing or holding company or utility. 
Location Preferred, Great Lakes or Eastern Statos, 
0-3534. 

MECHANICAL AND ELECTRICAL EN¬ 
GINEER, 34, married, no children, 15 years' 
varied experience in factory man a gem out, plant 
design, construction and maintenance, tolcgrapli 
(land and wireless) and telephone design and 
layouts. Desires change where head and hands 
* are required. Location, anywhere. European, 
oriontal oxporlonco. C-2151. 

INDUSTRIAL ENGINEER, graduate engi 


ELECTRICAL ENGINEER, graduate, 31, 
married, 10 years' diver si fled experience designing. 


throughout United States. Keen aggressive manufacturing and application of small special 
mind, convincing personality. Capable of croatr apparatus, such as regulators, timing devices, 
lug enthusiasm in Jobbers and salesmen, College relays, etc. Some sales oxpoi^enco. Thoroughly 
graduato. Available January 1, 1928, A-908. familiar with management manufacturing plant. 

ELECTRICAL ENGINEER, 33, married, Desires position Electrical Engineer or assistant 
B. S., ten years' oxporionce in design of power to executive of concern where hard work *and 
house, substation, industrial power and light, ability to accomplish results will bo recognized, 
estimating and contracting, Desires position, C-3S20. • 

YOUNG MAN, 29, married, electrical engi¬ 
neering degree, ono year engineering offlco expe¬ 
rience in Cuba. Now teaching electricity and 


At present employed, 


location, Now York City 
C-950. 

B ... 0 . ASSISTANT EXE OUTIVE-ADM IN ISTR A- 

neer wishes to connect with manufacturers of TIVE, 30, married, well balanced experience fifteen mechanical drawing third year, desires to change 
foundry products for consultation with the viow years covers: industrial surveys, cost analyses, to somo line of work compatible with experience 

' commercial statistics, advertising, and admlnis- and offering year round employment. Proseifb 
trativo control. Sovcn years largo company salary^S200 ajnontji. J3-7028^ 
servicing subsidiaries and clionts. Public utility 


to standardizing equipment, manufacture, organi¬ 
zation, cupola practise and wago incentives. 
Have had eight years’ experience with largo manu¬ 
facturers and foundries throughout the country 
and can furnish very best references. B-GS75. 

ELECTRICAL ENGINEER, 44, technical 
graduate, licensed professional ongincor, 12 years’ 
experience as oloctrical designor (2# years In 
Charge of design) and 10 years’ as assistant 
electrical engineer covering design, specifications, 
estimates, purchase of equipment and general 
technical and executive work for consulting and 
construction engineers on power plants, sub¬ 
stations, and industrial plants, 0-3785. 

ELECTRICAL ENGINEERING GRAD¬ 
UATE, 20 years of.^go, married, doslres a per¬ 
manent position that will ovontually lead to 
executive work in connection with railway electri¬ 
fication. Weil trained in railway olectrl float Ion 
problems and economics. Two years construc¬ 
tion work, one 
graduate course, 

30 days' notice. C : 30 82. 

EXECUTIVE ENGINEER, Experienced in 
supervision of dosign, construction, maintenance 
of buildings, shops, power plants, power trans- 


ELEOTRIOAL ENGINEER. The man you 
oxporlonco. Prefors administrative or commercial need as technical assistant in your management 
to strictly technical. Location Preferred, Now problems. Graduate engineer, 25, married. 


England, N our Y ork. B-0122, * 

HYDRO-ELECTRIC STUDENT ENGI¬ 
NEER, 24. single, R. P. I. graduato of E. E., two 
years' oxporionce in civil engineering and constrnc- 


years* varied experience; G.E.Test; construc¬ 
tion , maintenance, inspection and design on heavy 
electric traction equipment. Broad oxporionce in 
industrial applications of electrical machinery* 


tion, year and a half electrical testing and station Business training. Paying investment for pro- 
clesJgntiig, Wishes position which will give ox- grosaivo concern. 0-1048,♦ 


porioncoin hydro-electric construction, year and a 
half electrical testing and station designing, 
"Wishes position which will glvo experience in 


ELECTRICAL AND MECHANICAL EN¬ 
GINEER, college graduate, young, single; 
thorough training manufacturing, drafting, G, E. 


hydro-olcctrlc construction and development Tost, and engineering office. Three years respon- 


field. Location immaterial. Available two weeks, 
0-2067 


slblo commercial appointment handling tondera 
and contracts at head oiflco: five years large 


ELECTRICAL ENGINEER, 6 years' expo- olcctrlcal and steam turbiuo manufacturers 
rlonco, desires position in testings laboratory, or (British associated company), desires post with 


a oiKimimiui. xw« uuumu-uv. design of small electrical equipment and con- scope for initiative muchlantonl or 

e year valuation work, Wcstinghouso trailers. Industrial or special in nature. De- Preference commcrclal work wheio sound tech 
rso, Location, immaterial, available velopcd executive ability, good draftsman, wishing knowledge necossary, or undci taking lcqiiiii g 

to assumo responsibility. Age 27, married. Immediate or eventual repi csentatlon Gieafc 
Available first of month. 1 Salary, $2460. C-3804, Britain or continent Europo. Excellent knowl- 

ELEOTRIOAL ENGINEER with executive edge French, C-3803. 

or Duuoings, snops, power piwu. power ability, 38, fifteen years'oxporionce construction, DESIGNING ENGINEER,, 40, 

mfsslon distribution systoms, equipment railway, operation, maintenance, steam generating stations, onglneor in charge of steam of li>dto-electric 
XmZi mechanical Experienced in reconstructing and modernizing 
equipment installation, industrial plants, largo old plants. Speaks Spanish, 


Desires position ongineoring work relating to public utilities. 


mills, oldco buildings. Transportation and traffic 
studios; valuations. Studios manufacturing sta¬ 
tistics, costs, processes, improvement, industrial 
plant arrangement, production mothods, Engi¬ 
neering and financial investigations. B-6552, 


Qualified to act as resident engineer or superin¬ 
tendent of construction, B-7779. * * 

ELECTRICAL ENGINEER, 28, single, grad¬ 
uate. 2 years Goneral Electric Test department. 


Latin-America or foreign countrios. C-1372. 

ELECTRICAL ENGINEER. 35, married, 
graduato olcctrlcal engineer, Gorman, 7 l A years' 
oxporionco as olecfcvical engineer and master 

orlrm and financial investigations, jj-odd*. mechanic, handling Spanish labor in largo mines 1 year requisition and complaint work, 2 years 
ELECTRICAL ENGINEER, graduate with and public utility companios in South America, contract and sales on lighting fixtiiros and rad o * 

1 o'y oars'^)^pSlonc 0 E bi design fndU.ncorlng of M. -nonslblb position m.uir.j.g iochnicn, ^ a nd ftoKl 

power ana substations ail voltes In obargo of ^ 

boai’d^enKinQO^wltli tliV^Vostinghouse. Public ELECTRICAL ENGINEER from a well and design public utility steam and hydro-electric 
utility experience Best of references. Locution known Mlddiowest University, ago 23, specialist generating stations, transmission 1 no calculations, 
utility expcilonco. Best or lotoiencos. ^ Raihvay Engineering, desires experience with laboratory, field and factory testing. Industria 

some electrical railway concorn and to represent power applications anil maintenance in pltfhts and 
tliom In tho future in Ills borne country. Avail- buildings. Havo been,resident and 
able at onco. Location. Now York or Phlla- neoring firm. In chargo onglnocring offleo public 
dnlnhia 0-8812. utility. C-3687, 

ELECTRICAL ENGINEER. 24. married, ELECTRICAL DESIGNING ENGINEER, 


immaterial, C-3793. 

GRADUATE E LEG TRIO AL AND ME¬ 
CHANICAL ENGINEER desires responsible posi¬ 
tion, Six years'university training and over fifteen 
years’ active ongineoring oxporlonco. Now in chargo 


im ongineoring * and purchasing oxporionce. switching, telephone maintenance, Wostingbouso M*UO kr. iBtotlons : 

graduate’course, and sales correspondence. No years in cluugo of dcsigns or switcnDoaraf uiui 


steam engineering * and purchasing oxperlonco 

B ELECTRICAL ENGINEER, 27. single, grad- preference as to location. Available oil reftson- 
uated 1925, including somo advance work in able notice, C-3S15. 

Heaviside's Operators in ongineoring and advance ELECTRICAL ENGINEER, experienced 
Electro-statics, two years G. 35. test course. Desires utility motors, commercial and laboratory testing, 
permanent position with public utility on manu- accounting, drafting, teaching E. E.; good writer, 
facturing company. Employed at present but Ago thirty-four. B-8103. 
available on short notice. C-37G2. • ELECTRICAL ENGINEER, 39, 

ELECTRICAL ENGINEER, B. S.dn E. E., 

1922. Graduate students course with large manu¬ 
facturer, two years commercial work headquarters 
and throe years,dtstriet ofllco same manufacturer. 

Desires connection company where quick advance- 


technical 

graduate, desires position with progressive con¬ 
cern, Fifteen yoars* experience in construction, 
change-oYors, maintenance, testing and plant 
engineering, 

two years construction of shipyards and ship- 0-38^1.' 


switch arrangements, and four years design of 
high speed circuit breakers and industrial switches 
with largest Eastern manufacturer. German 
technical graduate. , Desires permanent position 
where his exporioncos are valuable. C-3835. 

AGENTS REPRESENTATIVES 
ENGINEER as Now York roprosentatiYO or 
manufacturer's agent; also office or desk room foiv 
rout, completely furnished. Will rent for a long; 
or short period. Very centrally located. 


maintenance, auu immu v* . - —» • 

Five years' with oloctrlc railways; phoive, stenographic and draf^ng room fadlltfesu 
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MEMBERSHIP—Applications, Elections, Transfers, Etc. 


Hlllim 11 mill H Mill mill I »M I (Ml IIMIM | MI (l MMM! KIIM l W | III nil ni( mm uu | 

RECOMMENDED FOR TRANSFER 

,, J' 1 ® , B ° art ' of Examiners, at its meetings 
* . dd October 5 and November 2, 1027, recom¬ 
mended tlm following members for transfer to the 
grade of membership indicated. Any objection 
to those transfers should be filed at once with the 
•National Secretary 

To (trade of Fellow 

SEARING, EMERY DEFOREST, Advisory 
.Engineer, Portland Electric Power Co 

• Portland, Oregon. 

SEVIONS. DONALD M„ Development Engineer, 
Standard Underground Cable Go., Pitts¬ 
burgh, Fa. 

To Grade of Member 

AMY ERNEST V„ Engineer, Radio Corporation 
jr of America, Now York, N, Y. 

CAVALCANTI, ANTONIO E. de A., Chief 
Electrical Engineor, PaiiUsta Railway Shops 

* De Pt., Paid Is ta, Jundlshy, Bra- 

C0L Enati^' , HARRY , °" Manager of Marino 
Engineering, M estlnghouso Elcc. & Mfg Co 
East Pittsburgh, Pa, ,f 

OREIM, B, W,, Electrical Engineer, Modesto 
I lT1 8atJc> n District, Modesto, Calif. 

1 1 RANDEZ-MAREQUE, Francisco, Electrical 
Engineer, Paraguay Central Railway, Para¬ 
guay, So. America. 

PSjU ? IC, t A ^ KON °*i Sen i<K’ Field Engineer, 
Braden Copper Co., Chile, 3. A. 

FR4MPTON, ARTHUR H„ Assistant Electrical 
Engineer, Hydro Electric Power Comm., 

Toronto, Ont., Canada. 

GREGORY, WILLIAM II., Assistant Electrical 
Engmoer, Public Works Dept., Shannon, 

GRIMES,. JAMES H., Special Representative, 
WestinghousoElcc.Int. Co., Chile, S, A. 
HANNON, J. WALTER, General Supt. of Plant, 

- Indiana Bell Tolophono Co., Indianapolis, 

HUND, AUGUST, Electrical Engineor, U. 3. 

Bureau of Standards, Washington, D. O. 
ICINNARD ISAAC F„ Electrical Engineor, 

. * General Electric Co., West Lynn, Mass. 

KLINE, 0. HOWARD, Assistant Engineer, 
General Electric Co., Pittsfield, Mass. 

LARSEN, O.X, Consulting Engineer, Automatic 
Electric, Inc., Chicago, III. 

MARSHALL, NORMAN, Mfg. and Consulting 
Engineer, Bridgeport, Conn. 

MCANGE. WILLIAM N., President, Intcr- 
Motintam Teleplione Co., Bristol, Tcnn, 

2NfcORI ; L 5 lR ® IR PHILLIP M„ Vico President 
and Chief Engineer, Mexican Tolophono & 
Telegraph Co., Mexico, D. F. Mexico. 

NOBLE, PAUL ,0., Engineer in chargo D-c. 
Apparatus Dept., General Electric Co* 
Fort W r ayno, Indiana. 

&ROUTT GUY H„ Electrical Engineor, Michi¬ 
gan AJkall Go., Wyandotte, Mioh. 
TILLOTSON, O. 0., Electrical Engineer, Uiiited 
j!: - \ orde Gopper Co., Olarkdale, Arizona 

0ERALD A - Gonerai supt., 
t ?*• B * E ’ p * Comm., St. John, N. B., Canada. 
WATERS, JAMES S., Instructor in Electrical 
• : Engineering, Rico Institute, Houston, Texas. 

S? 1Electl ‘ ical Engineer, General 
. Electric Go., Pittsfield, Mass, 

WINTERER, HORACE IC„ Commercial Engil 
& . »eeiv General Electric Oo., Los Angelos, Oal. 
WET GHT,, PAUL L., Member of Technical 

Staff, Bell (TeIbphono5Labs.,«Now Yprk. 


...*.". . .. . .«...■.-. 

FOR ET.Fr.TiOfU in. -‘mm 


APPLICATIONS FOR ELECTION 

Applications have been received by the Sec- 
rotary from tho following candidates for election 

LfJ lnOTTlhfii'ohln In ^ K „ - 


l , admission to a higher grade 

than Associate, tho grade follows immediately N.Y. ... Wfflj 

afto- tho mmo. Any member objecting to tile Dufhx.lt, J. A„ Tennessee Utilities Commission' 
election of any of those candidates should so Chattanooga, Tonn, ,0n !^^M 

In oxm the Secretary before December 31, 1027. Durgln, R„ General Electric Co., West 

Anderson, E, P„ Genoral Electric Co., Schema w MflS T 8 T ' „ 

tady, N. Y, ' Damos, H. F„ Westinghouse Elcc. & Mfg Co' 

Arnold, E. E„ Bureau of Power & Lteht „ . SP^enold, Mass. ■ 

Angeles 
Balder, H 
N. Y, 

Baldwin, G.. 1105 state St., Brio, Pa. 

Balot^L, E. L. Phillips & Co.. Rockvlllo Centro. 

Bate, H. R. C„ Mazapll Copper Co., Ltd., Aran- 
zazu. C. del Ore, Zacatecas, Mox. 

Batton. W. B,, Westinghouse Elec. & Mfg, Co 
East Pittsburgh, Pa. " 

BiU, Mafs. S " II '' 1 ' Vard Unlvorai ^. Oambrklgo, N . Y . - - ‘T*| 

Beales, J. T., Ji\, Beales Radio Elec. Co., San G ‘ T *’ ElGCtrlc aI Engineer, Now Ybrlcf^^S 

Ans el mo, Calif. N.Y. 

Bitn n oi -- - - Finn on, W. J., Wostinghouso Elcc. & Mfg 


J •* ^uuurai iiiiectnc Co., Schoncc- T V ^ • • • ■ 

:ady, N.Y, ‘ Eamos ' 11 . F„ Wostlngliouso Elcc. & Mfg. 0 

Id, E. E,, Bureau of Power &'Light Los t? f Sp n 1 n ^? old ' Mass ' ' ' 

Uigclcs, Calif, ’ Eaton, 1. 0.. General Electric Co., Schenectady r ;';i»^B 

v, H. H. r Royal Indemnity Co„ New York w, N H 

^ Y - ’ Edscorn, G. B„ Wagner Electric Corp,, St. 

vfn Cl i tAr Ct.t» ex., n . — MO. . ' 


Mo. 

Eidem, E. L., Public Sorvico Co. of No. Illinois, 

Chicago, III. . mjmmmmg 

Elliott, D. A., Columbia University. Now York,- 

EvJon, II. M., California Institute of Toclmologyj ^7 
Pasadena, Calif, 

Fair bum, A. J. B., Coopor Union, Now 

__ Timm 


Anselmo, Calif, 

B ° U, Ohio T " Ul,tV0 *' Slty of Ghieinnatl, Cincinnati, 

Benson, A. W„ Wostinglioxiso Elec, & Mfg. Co 
Springfield, Mass. *• 

Bernard, W. r Habirsliaw Cable k Wire Corp 
Yonkers, N.Y, 1 ' 

Billf Masf'‘ A " G ° nGml ElcctrIc do., West Lynn, 

Blnnie, W O., Consolidated Mining & Smelting 
Co., Chapman Camp, B. O., Can, 

Boggs, J. I., Mountain States Tel, & Tel Co 
Denvor, Colo. ' ' 

B °' l0 tady V, N Y J ‘ GOne ™' Electric Co - Schonoc- 

B °"York,N.Y Ead ‘° °° l ' P- ° f Am01 ’ iCa ' N °"’ 
B '°"n.'y ' H “ N °' V YOl ’ k Et,i80n Co - Nw York, 

Bn >wS^:'wT* 4 G " & El0CMC Co " 

Bry "t“d^N I Y Jl " G ° n0ral E ’ 0Ctl ' 1C Sch “'«c- 

Buohner, R. 6., American Stool & Wire Co 
Waukegan, Ill. ,J,B 

BurraU.^H. 8., Brooklyn Little Theatre, Brooklyn 

0a,-I Ne; York. B ! Y™° Pll0n0 Lab6fat01 ' ies ' I«o. 

Cam ogle, A., Pennsylvania Power & Light Co 
Youngstown, Pa. 

Car ";r I :c G oio! Wetnb0r) ' C ° nSllltiU8 

0ar te X |foct,Me' DnaI RBilWftyS ° f M0XlC °- 
Gonsu]tl ^ 

0ha Co! a sha°o„ H pm W6Stin8h<>USO EIe °’ & Mfs ‘ 
OI,11 shamu:p a r :’'' VBStinEhousoEleo ' * Mfg ’ Co ' 


0laP Fu^'?"- Jr "eTl StlnBho " soElBC ' * Mfg. Co., Ho< *“"i«. O.. Stone & Webster, Ino„ Bostorii'.-’^^^B 
East Springflold, Mass. ' Mass. 

Coh„.K_K’^iy^f 0 e r °^; Denver’, Coll' pit ^iugh Transform^! 

on ts^r to Gas & -r ^ .“-r- & 

Oonnor, J, F„ Westinghouse Elec. & Mfg oo . ,Tolln son^J. K,, Columbia Univei-sity, New York, 

East Springfield, Mass. WlY - r 

Gonrad, R. W., Westinghouse Elec. & Mfg. oo 
East Springflold, Mass. 

Cook, W. L„ Reliable Electric Oo., Chicago, Ill, 


- -■—•■‘O“vi.ou lyiw, «, xviig, yoiPate 

Sharon, Pa. 

’“ZXsJXEr * **•««, 

Full or, M, w„ Victor Talking Macbino 
Camdon.N. J, - • 

GarUrus, I, B., Nor thorn States Powor OoSf^W 
Minneapolis, Minn, 

Goold, IJ. P„ Wostinghouso Elec, & Mfg, Co;i ;i WifiiS 
Springflold, Mass. ’ : 

Gou ySxV" Now Yoric Unlvoi ' suy ' ^|MZ 

Gribblo^V. J. t General Electric Co., Schonectailj^l^^B 

0 vxux £vIy t -’ now Yoi ' kE<i,son N |Si®^ 

Haondlor, A. T„ Edison Bloc. Illuminating Ob?«i 
of Boston, Roxbury, Mass. 

' Undorgi'ound Cable 

H “ g S.Mai. H '’ Geaoral E,cctri0 Oo.. 

Ba ' S nocta(ly, N. Y. 1 ' Q ° neral K! ° Ct, ' ,C °°" 

Ham chic.ago,IlI- ° On,m0nWCa,th E(I,son 

Hart, E; A. Pacific States-Electric Co„ 

Angelos, Calif. : ' 

^MyNY" Qoneral Eloctrio °o.. Scjionoc-||l|^g 

Harvoy, W O., Consolidated Mining & Smoltih^Ml^B 
Co. of Canada, Ltd., Trail. B. O,, Can, 

Hoathcote, H. P„ Westinghouse Elcc. & Mffe. 

Springfield, Mass, i'HMi 

HoXTlck, W. J Westinghouse Elcc. Sc Mfg. 

Sorlnc-nnUl A/Tooo ° I 11 ..ffijrt MWHB 


Springflold, Mass. 
ie, A N,, Now York Edison Co„ 
New York, N.Y. 


Kennedy,’L. p„ General Electric Co., Pittsburgh,. 

’ ra si*.s h s, H ’ i ' wp ““ ‘w-ffsia 

-W' 'MIX 
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INSTITUTE AND RELATED AGTIVIT 




King, B. Li., Bruce Bros,, Syracuse, N. Y. 

Kloisfc, M. R., Armour Institute of Technology, 
Chicago, Ill. . 

Kratzer, J. J., LelilgU Portland dement Co., 
Allentown, Pa. 

Krelg, H. O., Wcstingliouso Elec. & Mfg. Co., 
East SpringIIeld, Mass. 

Langdon, II. J., Electrical Engineer & Contractor, 
Victoria, B. G,,Oan. 

Lnngortl, A, M., Duqmsno Light Co. t Pittsburgh, 
Pa. 

Langguth, P. 0., Wostinghouso Elec. & Mfg. Co P1 
East Pittsburgh, Pa. 

Lawrence, J. II., (Member), Thomas IS. Murray, 
Inc., Now York, N, Y. 

Leerburgor, F. J. t Duqucsno Light Co., Pitts¬ 
burgh, Pa. 

LIcht, II. M„ Williams Hardware Co., Stroator, 
Ill. 

Lindsay, It. W., Mountain States Tel, & Tel. Co., 
Denver, Colo. 

Lissman, M. A., Wostorn Precipitation Co., 
Lps Angeles, CaUf. 

Little, O, 8., General Electric Co., Buffalo, N, Y. 

Longobardi, B. G., Now York Edison Co., New 
York, N. Y. 

Lowry, L, K., Bell Telephone Laboratories, 
Cliff wood, N. J, 

Lutgon, O, J., Brooklyn Edison Co., Brooklyn, 
N. Y. 

Lyons, J. M„ General Eloctrlc Co., West Lynn, 
Mass. 

MaeCarthy, D. D. p Cornell University, Ithaca, 
N.Y. 

Martin, II. T. n Harlem Valley Electric. Corp., 
Pawling, N, Y. * 

Merry, R. E„ Gonoral Electric Co., Schenectady, 
N.Y.; 

Messier, W. J., Wostinghouso Elcc, «Sc Mfg. Co., 
East Springfield, Mass. 

Metcalf, O. N„ Now York Edison Co., New York, 
N.Y. 

Mouron, W, II., Rola Company,. Oakland, Oallf, 

Mltra, S, K„ Gonoral Electric Co., Schenectady, 
N.Y. 

Moore, S. E, Chestor Valloy Electric Co,, Coates- 
villo, Pa, 

Murphy, Howard E,, Stono & Webster, Inc., 
Boston, Mass. 

(Appliciint for re-oiectlon.) 

Murphy, M. E., Bell TelophoneLaboratories, Inc., 
Chicago, Ill. 

Nowhouso, II. E., Wostlnghoueo Elec. & Mfg. Co., 
East Springfield, Mass. 

Newton, E. T., American Brass Co,. Watorhnry, 

. . Conn, 

Nickerson, O., General Electric Co., Chicago, III. 

Noyes, J. A., Turner Palls Power Co., Turner 
Falls, Mass. 

Null, F. E., Wostcm Union Telegraph Co., 
Now York, N.Y. 

O’Dwyor, J. M„ Southern Sierras Power Co'., 
Riverside, Oallf, 

Owen, B, II., General Electric Co,, Denver, Colo, 

Parsons, R, B., Narragansefcfc Elec trio Lighting 
Co., Providence, R.I, 

Pettyjohn, J. G„ General Electric Co.. Schenec¬ 
tady, N.Y. 

Powell, R. W« General Electric Co., Schenoctady, 
N,Y. 

Rei, P. P,, 3675 Broadway, Now York, N. Y. 

Richardson, H. J,, (Member), Snow Mfg- Co., 
Los Angeles, Calif. 

Robinson, A. A., ,Taylor-Wharton Co., High 
Brldgo, N. J, 

Roney, O. K., Wostinghouse Elec. & Mfg. Co., 
Minneapolis, Minn. 

Rush, P. E., University*of Pittsburgh, Pittsburgh, 
Pa. 

Sabbagli, E, N„ Michigan State College East 
Lansing, Midi, 

Sack, J„ 122 Lincoln Ave., Central Falls, R, I. 

Salvatori, H., Geographical Bosoarch Corp., 
Now York, N.Y. 

• .Schanlchlin, W„ (Member) Westinglioiise Elec. 

Mfg. Cot, East Pittsburgh, Pa. 


Schaffer, E. J„ General Electric Ob., i?oi4;Wayho; ; Baiigih Oharlle It., University of Kentucky 
Ind, "• Baughman,'John"S„ Qarnegi© TnstlWto r '-'oif 

Sedgwick, A. F., Central Hudson Gas & Electric Beach, Gordon L., University of Wisconsin " Jy 

Corp., Kingston, N. Y. Boaclmm, Hardy R, t North Carolina State Collogo : : f/'g 

Shulls, J. E., Maintenance Co„ Now York, Becker, Addison J., University of Colorado 
N.Y. Bello Isle, Arniand G„ Syracuse University 

Small. W. H. H., Westlngliouse Eicc. & Mfg. Co., Bondorman, John 0., University of Tennessee 


East Springfield, Mass. 

Smalley, M. F„ Ohio Powor Co., Canton, Ohio 
Smith, II, B., General Electric Co., Erie, Pa. 


Berkley, Leland S., Mississippi Agri. & Mech. 
College 

B erry, Janies F., University of Notre Dam© 


Smith, L. W„ English Electric Co. of Canada, Bingenhoimer, Melvin, University of Oklahoma 


St. Catharines, Out., Can. 


Binneweg, A., Jr., University of California 


Smith, R, E„ Public Service Co. of No. Illinois, Bird, George T„ Georgia School of Technology 


Chicago, III. 


Bird, J. LoGrand, Rensselaer Polytechnic Inst. 


Solodoff. V. J., Westchester Lighting Co., Mt. Bias!ngame, Bonner B,, Univemlty of l^enfcucky 
Vernon, N. Y. Block, Melvin, Washington University 

Span ban or, XI. J., General Electric Co., Buffalo, Boatner, Dolan H., Georgia School of Technology 
N.Y. * Bocho, Ell, Uni vorsity of California * 

Stevens. C. V., Locke Insulator Corp., Pittsburgh, Bosclio, William J., Jr., Buckncll University 

Pa. Bradley, Charles D., Alabama Polytechnic Jpsb. 

Taylor, J. B„ Appalachian Electric Power Co., Bradley. Fred W., University of Michigan' p 


Lynchburg. Va. 


Brnggins, R, Mebane, Jr., University of Colorado 


Tipton, E. W., Westlngliouse Elec, & Mfg. Co„ Brant, Gcorgo S., Georgia School of Technology 


Sharon,Pa, Bromonstulil, Vincent B,, Rensselaer Polytoclmic 

Towner, 0. W., Boll Telephone Laboratories, Institute 

New York, N. Y. ' Brennan, Thomas R., Kansas State Agricultural* 

Trevino, G. L., (Member), Mexican Tel. & Tol. College 

Co., Mexico City, Moxico D. F., Mox. Browrink, James, University of Idaho 

von Aim, A. J„ Enterprise Electric Co., San Brooks, Paul IX, University of Tennessee 

Francisco, Calif. * Brown, Ira W., Mississippi Agri, & Mech. College 

Wallis, C. M., General Electric Co., Lynn, Mass. Brown, James. Brooklyn Polytechnic Institute 
Wallis, G, W., General Electric Co., Lynn, Mass, Brown, Roland B.. University of Kansas 
Wftvth, 8., Southern Boll Tol, & Tol. Co., Jackson, Brubaker, Leonard II., Kansas State Agricultural 
Miss, College • 

Wood fall, W. W.. South eastern Bell Tol. Co., Bruch, Donald W., Lafayette College 
Dallas, Texas Bryant, Austin, University California 

Wentz, E, 0., Wcstlughouse Elec. & Mfg, Co., Bryant, Charles A., University of California 


EastPRsburgh, Pa. 


Bueno, MavceloP., University of California 


Williams, W, R., Northern States Power Co., Bunch, James B., Georgia School of Technology 


Minot, No. Dakota 


Burlbaw, Ernest 0., University of Missouri 


Wihsoy, IC. 0., Now York Edison Co., New York, Burnham, Edwin B„ University of Missouri 

N,Y, Burton, Lester, Kansas State Agricultural College 

Winter, F, E., Gonoral Eloctrlc Co., Schenectady, Bush, Fred W„ Georgia School of Technology 

\r V Calico, Donald H., Carnegie Institute of 


Oallen, Donald H., Carnegie Institute of 
Wlso, R, 0„ Bell Tolophono Laboratories, Inc., Technology 

Now York, N.Y. Cameron, Donald, Kansas State Agricultural 

Wiswall, I. W., Wcstlughouse Elec. & Mfg, Co., Collogo 

East Springfield, Mass. • Campbell, Franklin W.. Brooklyn Polytechnic 

Woll, W. M„ No, Indiana Public Service Co., Institute 1 

Hammond, Ind. Carmack, Hubert S., Rose Polytechnic Institute 

Wood, J., Jr., 200 e! 30th St., Now York, N. Y, Carpenter, Owon M„ North Carolina State 
Young, G. S., Kansas City Power & Light Co., College 

Kansas City Mo Carr, Vernon T\ t University of Oklahoma 

Total Big ’ Carroll, Herbert A., Georgia School of Technology 

Foreidn Camith, Hugh B„ University of Arkansas 

county, iu *™i *— * raSSU* 

Milwarcl! P. Works Dent.. Gov't, of 


jvuiwavu, * • J™'™ Cason, Richard-H., Georgia School of Technology 

Butina, Rangoon, Binnia, India pocUn PhfiHn a University of Missouri 

Scobfo. .!. IC., Municipal Council, Shanghai. oham {, or)aln _ - M ii 0 B ... university of T&as 

SCU n A ,H K f' fI f" 8Sa EngineCll, ’ e WOl ' lfS ' Ud " • 

Delhi, India Oliinn, Floyd T., University of Missouri 

Total Christianson, William E., University of Iowa 

STUDENTS ENROLLED Clark, Stuart. University of California 

Algeo. Bradley O., Jr., Swarthmore College Olatworthy, Buell, Colo. StatoAgriculturalOollege 

AllenCecil ’8., Mississippi Agri. & Mech. College Oleaver, Oscar P., Georgia School of Technology 
Alien son, James H„ Rhode Island State College Cockrell, Will. University of Florida „ 

Anclorson, Harry B., Ronssolaer Polytechnic Inst, Coftoy, Walker J., Mississippi Agri. & Mecli, 
Andos, Earl T„ Univorsity of Missouri College 

Andrews, Robert W., Univorsity of Florida Coffin, Lawrence II., University of CinclnnatL * 

Ankonman, Earl B., Kansas State Agri. College Colby, Paul 8., Kansas State Agi'icultural Oolloge ^ 

Arnold II, Roys, Univorsity of Colorado Colo, Noll D., Carnegie Institute of Technology 

Aiicock, Clifford T., Clarkson Collego of Tech. Collins, Russell W., Univorsity of Notre Dame , : 

Aw trey! Merrill E„ Georgia School of Technology Connor, Gcorgo B., University of Notre*Damc 
Backus! Frank II., West Virginia University Corson, Charles A,, Lafayette Collego 

Baker, Pled P., University of Kentucky Cost, John, Rutgers College L La 

Baker. Roberta, Mississippi Agil.&Modi,Collego CoulU. Louis A., Northeastern University p 

Ball, Georgo A,. IJiooltlyn Polytechnic Institute Coulter, Cecil O,, West. Virginia, thilyerslty . 

Ball J. Wesley, Mississippi Agri. & Mech. Collego Courtis, JosopliW., Bnivorslby or Michigan ,-ir.^ 

Bankerd, Edward A., University of California Courtney, Carl. University of Missouri .. . H|l| 

Barnes, Thomas B„ University of Kentucky Crane, Harold S„ .Northeastern Uniyoisl^y 

Barm Henry J., Kansas State Agri. College Crawley, Clyde 3., Mississippi Agri. ft 

T..II rnu.n/Uan T. Drum PrilvfAplitllo. TilsHtllffl COllOg© . ' . *: 






Bavrott, Tiieocloro L., Rose Polytccimlc Institute 
TJarzllaskl, Peter M„ Buckncll University 
Bates, William W., Drexol Institute 


Orayno, Brucfl A., Univorsity of CaUfornta. 

Creamer, ^Warroiij-EUniveralt^of Main^] v X£|§^g|gi|; 

• . • 









I 


1482 


of 


Croekmoro, Frank B„ University of Oklahoma 
Cress, Joseph E„ Kansas State Agri, College 
Cuglar, Daniel R„ Clarkson College of Technology 
Gumming, Clarence W., University of North 
Dakota 

Cummings, Zooth, Unlv. of Southern California. 
Dally, Charles F„ University of Kentucky 
Dalhouso, Samuel L.,Gcorgla School of Technology 
Dasha, Laughton B„ Northeastern University 
• Kavis, Alrton IC„ University of California 
Davis, Jack, University of Colorado 
Davis, Riclmrd It., Mississippi Agri, & Mech. 
College 

Davis, Robert J., University of California 
Davis, Roy E„ Kansas State Agricultural College 
Dennis, F. Raymond, State Collegoof Washington 
Devine, William F. ( University of Kansas 
DlfckJnson. Charles If., University of Virginia 
Donald, RobortB., Clarkson CollegeofTechnology 
Dorman, Beryl University of Arkansas 
Drompp, Arthur F., Rose Polytechnic Institute 
Dunn, Charles V„ University of Missouri 
Dunning ton, Frank G„ University of California 
Eastwood, Kenneth N., Syracuse University 
Eaton, Thomas L., Georgia School of Technology 
Eckels, diaries E„ Carnegie Institute of 
Technology 

• Edghill, Raymond A„ Clarkson College 
Technology 
Edmonds, Alonzo L., University of California 
Edwards, Don C., Jr., University of Kentucky 
Ldwards, I hilip J., Kansas Stato Agri. College 
Edwards, Thomas A., Georgia School of Tech. 
Eikne*, Leonard M„ Mississippi Agri, & Mech. 
College 

ElU f r|t, Edward V.,.Kansas State Agricultural 
College 

gills, Harold E., University of Maine 
Else Lcslio U. ( University of North Dakota 
Engler, Kyl 0 , Kansas Stato Agri. Colloge 
Eskew, Hubert D., Georgia School of Technology 
Evans, Ernest BWashington University 
Evans, Howard A„ University of California 
Evans, Odea, Mississippi Agri, & Mech, College 

PMk V Edwa^ B n rt n t" U '" vorsity oE Wisconsin 
Sru.iT r d £” / F nlvorsIty of Cincinnati 
Lerriek JamesH., OaniegiolnstltuteofTechnology 
ernigia, Anthony, Northeastern University 

F ~; Honry D '' Nofth Ca,oi,,ia st »‘e 

Foisy, Emile C„ Now York University 
Foltz, Ralph A„ University of Missouri 
*ord, Lyslo N., Northeastern University 
Forrest, Frank D. t University of California 
Foster, Edward, University of Missouri 

? “ 0,,d * X ‘ diversity of Kentucky 
cis, Bion H„ Mass. Institute of Teclmology 

taW im Polytechnic Instituto 
■rronclt, H. Nelson. Lohlgli University 

Prow. Robert A.. Newark Technical School 
Fuon t0a . Antonio M„ Lewis Instituto 
bS jM - Norll '«istem University 
fWM s " u “i v ®rslty of California 

Gntann ■* F r ,,k r Mv UnlversIt - v of Notro Dame 
Caiman, Anton. Lewis Institute 

a agiior, Thomas J,, Jr„ University of P , iUfAm?n 

Oartlm G w’ d r y U ' Gc0rgla School of Teclmology 

G^ChL^° l V lT '“ VersU P of Gallfornl'a OS} 

'J.. Kansas State Agri Coil^ 

oSi# S n £ lvorsIty ° r California 
^BiCtiso University 
Gleason. Richard P„ University of Atnjno 
Goraa. Rodolfo B„ University of Notro Dame 

SSS *,;■ "r ™>>“» ”... 
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tes; s» a z m ■ rr- 


INSTITUTE AND RELATED ACTIVITIES 


Journal A. I. 


Hackott, Ross, Colorado Stato Agri, College 
IJalferty, Wesley, Kansas State Agri. College 
Hall, Kenneth D„ Kansas Aglcultural Colloge 
Haning, Holice F., University of Missouri 
Harries, Julius W.» University of Kansas 
Hart, James A., Georgia School of Tccimology 
Haskell, Warren C„ University of Oklahoma 
Havens, W. T„ Kansas State Agricultural College 
Hayes, J. A., University of Oklahoma 
Hays, Garcol K., Kansas State Agri. Colloge 
Haywood, Kenneth P., North Carolina Stato 
College 

Hazoll, Charles C. t Jr., University of North 
Carolina 

Home, Herbert W„ Pennsylvania State Colloge 
Heifer, Arthur L., Syracuse University 
Homkor, Arthur H„ Kansas State Agricultural 
College 

Homs ted, Glenn S., University of North Dakota 
Henderson, Eugene W.» University of Colorado 
Hendry, John, University of California 
Hentzen, Kenneth, University of Kansas 
Herron. Wesley M„ Kansas Stato Agri, Oollogo 
Hoskett, Lloyd L„ University of Iowa 
Houchan, Robert W„ University of Missouri 
Houn, Andrew C., Lewis Instituto 
Hicks, Louis S„ Georgia School of Technology 
Ilight, Stuart 0., University of California 
Hill, Samuel 0., West Virginia University 
Hinton, James F., University of Toxas 
Hinton, William II., University of Virginia 
Hitchcock, Edwin T„ Jr., University of California 
Hixon, William P. t Alabama Polytechnic Instituto 
Hoag, Stephen B., University of California 
Hooflich, Albert F„ Unlvorslty of California 
ol lings worth, John R„ Georgia School of Tech 
Ho mes, Homer E.. Rose Polytechnic Institute ’ 
Holt, Harry R„ University of Virginia 
Hope, Edward M„ Oregon Agri. Colloge 
Hoskins. Tom D.. Jr.. Georgia School of Tech. 
Howard, Lewis W„ University of California 
Howard, Lydo E„ University of Missouri 
HudsojvR C." Mississippi Agri. AMoch. College 
Hughs. Carieton N., Georgia School of Teclmology 

Hms, n B , aker ; r Lo,,lsJa,la State University 
Hwst, Dunlap, Mississippi Agr. & Moch. College 
urst. Glade IV., Kansas Stato Agri. Oollogo 

Hnte T' ^ UrlCiSh M « University of Maine 
Hutchins, George P„ University of California 
Hutchinson. Howard L„ Unlvorslty of Colorado 

Hydte Hugh H P U 1 ’ Ka ” SaS Stat0 Aetl - Colie B<s 
T~. ' j? UB . h J?" University of California, 

Ittrig. Cyril H., University of Missouri 
kola, George H„ Carnegio Instituto of Tech 
Ingersoil. Charles T., Alabama Polyteclmic lnst 

IrwinVnhrd °j nd n'; UnlVeratty of OaUfornia ' 

> p™ a r d Unlvorslty of Missouri 
Ittnd, Charles K„ Uuivorsity of Oklahoma 
ackson Ralph H., University of Missouri 
James, David M„ University of Kentucky 
emigan, Olaxido II., University of Florida 
Jo uison, George B„ Kansas State Agri Colloge 

Jo ^ Demt t V Mf '^ niVei ' Slty of Oklahoma 

Jo S Guv l ' u' S SSil,pl Agri - & Med,. College 
J nos, Guj L., University of Colorado 

T " University of Iowa 

J° '' a, acQ U" J*’-. Clarkson College of Tech 
JudMn^T ’rr U " IVel ' Sl6y 0f 

Judson. Lairy H„ University of Cinchmati 

aa&v-tesc'-ag 

'‘"Silf.™""" S " «“'« M«,. 

ICeger A'Anit'v UI,nei5l ty °f Kentucky 
gcr, Adolf E., Oregon Agri. College 


Kloin, Horljort, Now York University 
Kloindionsfc, John G„ Droxol Instituto 
KIov, PauU Jv., Oregon Agri. Oollogo 
Kline, Francis Li, University of Toavii 
IC olanowsRL Stanley 0., Lewis In.stilllto 
KoronblaL Miwirico, Unlvorslty of Arkansas 
Kraus, Joo, University of IConlucky 
Krause, OlifU’los K., Lohlgli Uni vorsity 
Kruger, Eugcmo JL, University of California 
Laiho, Jhlmor M. t University of Miclilgnn 
Lampkin, O. F„ Unlvorslty of Oinejunati 
Landby, Jolm O., Now York Unlvorslty 
Lano, Edwin II., University of Kansas 
Lantzy, Percy 1\, University of IdEiho 
Larson, JoEm F„ Uuivorsity of Notro Daino 
Law, Alfred J., Jr.. Georgia Behool of Technology 
Lawronco, Goorgo AY. ( Kansas Hlato AgdctlUlind 
Oollogo r 

LofTerts, WilJUmi G„ Georgia Sch ooi of Technology 
Lehman, W. C>,, Jr (| University of Konlucky 
Leong, Tal W., Lewis Instituto 
Lovoy, Louis G., Jr., University of California 
Llghtbourn, Walter H„ Georgia Hchool of. TYxto. 
Lindborg, Harold C„ Kansas Blalo AgrlculturAl 
c oil ego 

Lisle, Jamos L., Unlvorslty of Oklahoma 
LRtmann, Leon, Now York University 
Lloyd, -Daylcl O., University of Dolawnra 
Loomis, J. Sohuylor, Clarkson Oollogo of Tcoli. 

Lord, Frank J>. r University of California 
Loren, Bernard F„ Symcuso University 
Lovett, Howard W„ Lafayette Oollogo 
Lucking, Herman A., Jr,, Washington lfnlvor«itii^ ! 
Lundy, Ralph University of California 
Lundy, Richard 1\, Georgia .School oT'JVcimology 
Mangum, 0. Howard, Mississippi Agri. Sc Mctiti. 
Colicgo 

Marquez, Oliavlos jp. r Misslssipi)! Agri, Jt 
Moch. College 

Marshall, Brooks, Unlvorslty of Michigmi 
Martin, Ilorscliol B., University of Illinois 
Martin, Lester. Boso Polytechnic Instituto 
Martin, Virgil I5„ Roso Polytechnic Instituto 
Mason, Riclmrd D., University of Oldalioma 
Massey, Paul 1G., Kansas Stato Agri. Oollogo 
Matis, Honry A,, University of Colorado 
May, James I\, Uni versity of Kansas 
Maynard, Noll A., Northeastern Uuivorsity 

Mrrw C, J 0S ? I>h J?" .*•' 'Woshington Unlvomlly 
McOat t, Stmiloy O.. Unlvorelty of Mai no 

u R ; r B " l ns ' UhlvorsUy of Oklahoma -' 
InstRuto l ' m,m B " Alttlmnm UolyloohnlO- 
McDouald, A. P., Texas A, &M. OoIIoko 
AE ^' al 'n ’ Ko )ci Ij °- Unlvoi'sRy of tfonuicky 
1 ColRgo ° of:l1 Kansa8 State AsrlcuHiiral 

McMui-do, Ohfti'los E., U'uivorsKy of Virginia 
Molnzor, Arthur Jg., LowIb Instituto 
Morohimt, Ernest, W„ Unlvorslty or Malno 
Morrlam, Waltor A., Unlvorslty of Colorado 
Mevw*™ Fl0<l Kl ' oxo1 Il,8M l«to 

Meyor' Manlo IT ^ lust. 

miio. » * 11 •’ TCansa « Stato Agri. Oollogo 

Mo' £coT« K - U,, lvorsltyof0olom,lo “ 

J!“; Syraciigo Unlvorslty 

M l or Pam^ rf’ llllotI ° IslftntI 8 tttto Oollogo 

Mills Vom D 'J n " SftS Q StRt0 Ari1 - aolloB ° 
tvfitp.'.nu t D- ' ICa,1Bll s Stato Agri. Oollogo 

Mitchell' OhA V 1>0 “ !18yIviulla Stato Oollogo 
Ml tell nil ^'atltuto of Tech 

Montgomory j 0 »;• Stato Agri. Col,ego 

Mornta > ^towi',^lvj]]|J?!^ d, jj RoS S r RoEy 1 * ;00 * ln * c lost. 
School 111 Newark Toolmlcal 

mSv “If" ^' fyw ' B 't y ofOrtiftento 6 

Murphy' KclmimVn 0al ’ 01 toa Stato Collage 

S2Siss*i’asses* ° r ^ s 

isar ty 

Nobel John K it ^ lc016ift Sch °ol °f Teclmology 
Noill! samuefs ° f Mlwouri ^ 

Noitzerb Carl Un issls t sIppI A % vi • & Mech. College 
Nickels Tn^i^l iv0rsIty of Missouri W 

OrtST ^ * Mississippi Agri, Sc Mech, 
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Nicol, Britton A., University of California 
Nielnuis, Arnold, University of North Dakota 
Nlklforoif, Paul, Now York University 
Noon, Thomas J., University of Notre Dame 
Norell, J. Aklen, University of Idaho 
Norton, Joseph C., University of Notro Dame 
O'Brien, Lawrenco P„ Lewis Institute 
Oorma.ii, Harold W„ University of Illinois 
Olds, Charles B. g Kansas State Agri. College 
Oliver, Burton L,. University of North Dakota 
Oostcrl jug, Henry J„ University of Michigan 
O’Rourke, Jolm J., Alabama Polytechnic JnstItlUo 
Orpilla, Pedro AX., Lewis Institute 
Otto, Harold M., University of Kentucky 
Outt, Jolm It., University of Colorado 
Owen, Arthur Km Kansas State Agrl. College 
Owen, Joseph A., Georgia School of Technology 
Owens. ShorodH., Georgia School of Technology 
Owsley, Olllo M. r University of Kentucky 
Palmer, Oscar H., Mississippi Agvi. A Mech. 
College 

Farizok, George 11., University of Iowa 
Farkor, C. Z., University of Utah 
Parker, James T., University of Notro Dame 
Parks, Ira A., University of IConlucky 
Payne, James P„ Itoso Polytechnic Institute 
Poach, Paul S., University of Virginia 
Pod rick, Arthur S, r University of California 
Pony, C. Burgess, North Carolina State College 
Potor, Theocloro University of Arkansas 
Potorson, Frank C., Northenstorn University 
Potor son, James M„ Univorsity of Idaho 
Peterson, Ross A,, Oregon Agrl, College 
Pholps, Herbert If,, Clarkson College of Tech. 
Ptckott, Craig 15., Kansas State Agrl. College 
Plank, Francis J., Syracuse University 
Pot tor, Leighton B., University of Michigan 
Pounder, Dennis J., Georgia School of Technology 
Powell, Charles A., University of North Dakota 
Frinsloo, Willem J.. University of Michigan 
Fritham, Carroll F„ University of Maine 
Quarles, Lawrence It r University of Virginia 
Race, Cecil R., University of Maine 
Kalin, Wm. E., Lewis Instituto 
Raida, Delmitr, Kansas State Agrl. Collogo 
Ray, Dick, University of Arkansas 
Redmond, William 13., G eorgia School of 
Technology 

Rooco l Itoy D., Rose Polytechnic Institute 
Reeves, Luther M., Jr., Georgia School of 
Technology 

Bold. Hugh M., Mississippi Agri. & Mooli. Collogo 
Rohiking, Iloraco J M Kansas State Agrl. Colloge 
Rcmick, Ron jam in, Kansas Stato Agricultural 
Collogo . 

Roxrotli, Bryon A., University of Kansas 
Rhodes, John S., Kansas State Agrl. Collego 
Rico, Carl 0., Kansas Stato Agricultural Collego 
Rice, Raymond H„ University of California 
Richardson, S. M„ Mississippi Agri. & Mech. 
Collogo 

Roulirinan, Frederick 15., Kansas State Agrl. 
College 

Rogers, George L ( , Clarkson Collogo of Technology 
RothstoLn, Alex I., University of Missouri 
Rotthouse, William H., University of Delaware 
Roxburgh, James L„ Lowis Institute 
Roy, Roland L,, University of Iowa 
Royal, William C., University of Colorado 
Ituhnko, Roy II. r University of North Dakota 
Rule, Ferdinand. K„ University of Oalifornia 
Ruud, Isolds A., University of Oalifornia 
Ryan, John M., Mass. Institute of Technology 


Sandcrford, Ralph B., Mississippi Agri. & Mech. 
Collego 

Sayers, Sam R„ University of Virginia 
Seim for, Alvin W., University of California 
Solum worker, W. Raymond. Rose Polytechnic 
Institute 

Sclicer, George H.. Jr., University of Wisconsin 
Schecror, Theodore J, r University of North 
Dakota 

Schlee, John F., University of California 
Schmitt, Gilbert 12., University of Texas 
Schnitzer, Bornard 15., University of Arkansas 
Schock, Robert 15.. Colo. State Agricultural 
Collego 

Schwanlto, James W„ Kansas State Agri. College 
Sclvwavtlng, Robert E., Syracuse University 
Schwartz, M. IV., Georgia School of Technology 
Scoppettuolo, Victor M., Northeastern University 
Seal, Goorgo L„ Mississippi Agri. & Mech. 
Collego 

Soifriod, Herbert G., University of Virginia 
Senior, Harold A., Kansas Slato Agricultural 
Collogo 

Shainborg, Gerald, University of Missouri 
Sliaul, Bonnie C., University of California 
Shaw, Elgin L.. University of Oklahoma 
Shank. Joe J., Kansas State Agricultural College 
Shorbo, Evaristo O. S., Rutgers Collego 
Shultz, E Patterson, University of Oklahoma 
Siegclin, Carl E., Rose Polytechnic Institute 
Simpson, LoRoy O,, University of Now Hampshire 
Skradskl, Edward J., Kansas State Agri. Collego 
Slozak, Lumlr F,, University of So. California 
Slocum, Harold If., University of Illinois 
Small, Charles D., University of Oalifornia 
Smcltzer, Vivian O., University of Kansas 
Smith, Archibald V„ University of Maine 
Smith, Donald W., Northeastern University 
Smith, Harold, University of California 
Smith, Harold A., University of California 
Smith, II. Millard, University of Kansas 
Smith, Walter F.. Rhode Island State College 
Snooks, James P„ Jr„ Georgia School of 
Technology. 

Spangler, Donovan B. t Swarthmoro College 
Spratloy, Ashby W., University of Virginia 
Sprout, Hiram II.. University of Oklahoma 
Steen, Herman F., Brooklyn Polytechnic Institute 
Steinmetz, Vernon II., Colo. State Agricultural 
Collogo 

' Stephenson, Iloyt, University of Idaho 
Stewart, J, f„ Mississippi Agrl, & Mech. Collogo 
Stewart, Walter 12., University of North Carolina 
Stiles, Jilvorott W,, University of Delaware 
Stiles, John L., Clarkson Collego of Tocliuology 
Stoossor, Oscar J„ University of Kentucky 
Strolch, Robort J., Univorsity of California 
Subor, William J., Droxol Instituto 
Sutton, Morlo E., Oregon Agri. College 
Swntiagan, Donald A., Rose Polytechnic Instituto 
Swanson, Raymond O., Univorsity of California 
Swordlow, Nathan, Droxol Instituto 
Swift. Orville T,, University of Maine 
Tabbort, Russel), University of North Dakota 
Tnnenbnum, Marvin, Cooper Union 
Taylor, Ralph N„ Univorsity of Kontucky 
Taylor, Roy S.. University of Oklahoma 
Tliatcb, Thomas M„ Mississippi Agri. & Mech. 
Collogo 

Tliciling. Henry J., Brooklyn Poly technic Institute 
Tboman, Edward F,, University of Notro Dame 
Thompson, Everett It., University of Colorado 


Thompson, William J., University of California 
Topping. Charles G. f University of Notre Dame 
Townsend, Judson O., Jr., Alabama Polytechnic 
Instituto 

Trent, Sheldon N,, Now York University 
Trosda!/ Eiuar S., Jr., Georgia School of 
Technology 

Tull, Robert II., University of Illinois 
Turmiro, Paul F., University of Colorado 
Ungemach, Charles D., Univorsity of Colorado 
Unger, Arthur M„ University of Colorado • 

Vannoy, Ivan F., West Virginia University 
Van Pelt, Gerald D., Kansas Stale Agricultural 
College 

Varaum, Joseph B,, University of Missouri 
Vaughn. Joe !>., University of Kentucky 
Wallis, George F., Univorsity of Colorado 
Walsh, John IC., University of North Dakota. 
Walsh, John S., Syracuse University # 

Walton. Clark G., Rutgers College 
Wangorin, Elmer O,, Kansas State Agricultural 
Collogo • 

Ward, Lewis R„ University of Colorado 
Warner. Richard E., Kansas State Agricultural 
College 

Welch, Clarence L., Oregon Agri. College * 
Welch, Ernest A.. University of Kentucky 
Wertz, Thomas R„ Georgia School of Technology 
Worlzbaughw, William W., University of Iowa 
Wesley, James W., Georgia School of Technology 
West , Hiram B., Mississippi Agri. & Mech, College 
Wosthoff, Richard II. r University of Kansas 
Wetzel, Theodore A., Oregon Agri. Collego 
Wham, Robert L. t Georgia School of Technology 
Wheeler. Rox E„ Kansas State Agri. College 
White, Harold W„ University of California 
White, Jolm 15., Carnegie Institute of Technology 
White, John P., University of Arkansas 
White, Merle H„ Kansas State Agri. Collogo 
White, Rox E., Kansas State Agri. College 
Whltohaad, Edgar A,. University of Oalifornia 
Wliitling, George It., Jr., Bucknelt University 
Whittier, G. Albert, University of Maine 
Whittlesoy, Fred L„ Univorsity of California 
Wickham, Wilbur H„ University of Iowa 
WItoy, William L„ Mississippi Agri. & Mech. 
Collego 

Wilkinson, CJaudo M., University of Virginia 
Willets, J. Roland, 4 Clarkson College of Technology 
Willett. McNeil, University of Kentucky 
Williams, Floyd C., Univorsity of Kansas 
Willis, Cecil L„ Kansas State Agri. College 
Wilson, Allan C., University of Oalifornia 
Wilson, Edwin T„ Rutgers Colloge 
Wilson, J. Edwin, University of Kentucky 
Winckler, Robert, Newark Technical School * * 

Winger ter, Laurence, University of Notre Dame 
Wise, David IT., Mississippi Agri. & Mech. College 
Wittoiibui'g, Harry W., University*of California 
Wolfe, William A., University of Kansas 
Wolfskin, John M„ Pennsylvania State College 
Wollcnbcrg, L. Harold, Slate College of 
Washington 

Wooster, Gordon B., University of Missouri 
Word. Oborin*.L., University or California 
Wright, Paul G., Mississippi Agri. & Mcch. 
Collego 

Ye tier, Boyd R„ Lafayette College 

Young. Gerald G., University of Nebraska 

Zorn, Bober, Droxol Instituto 

Zsclicilo, Carl O.: I Diversity of Kansas • 

Total 532. 
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• T. J. Fleming, Callc B. Mitre 519, Buenos Aires, Argentina, S. A. 

H * W. Flashuian. Aus. Wcstinghousc Etec. Co. Ltd., Cathcart House, 
11 Castlereagh St., Sydney, N. S. W„ Anstratia. 
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(Oakley).;. .,/irne, 

Railroad Operation, Current Collection from an Overhead 
Contact By stem Applied to Railroad Operation. 
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Air Activities of the Federal Government.. .July, 

American Chemical Society Conference.. July, 

American Engineering Council 

Annual Meeting, Washington, D. C. February, 

Now Plan for Federal Projects.■ ■ • • ■ • • • ■ May, 

Pan American Conforonce Urges S t andar diz a tio n 

June, 

Radio Discussed. May, 

United States Patent Office Procedure. June, 

American Engineering Standards Committee 

Industrial Bodies Join the A. E. S. C. October t 

American Institute of Electrical Engineers 

Addresses Wanted. January, 90; February, 195; 

Anvil, 396; May, 527; June, 643; July, 743; 

October , 1137; November, 

Branches, List of. January , 105; February , 211; 

March, 317; April, 416; May , 546; June, 662; 
July, 759; August, 855; September , 981; October, 
1146; November, 1302; December, 

Committees. January, 102; February, 209; 

March , 316; April, 415; May, 545; June, 659; 
July, 758; August, 854; September, 978; October, 
1145; November, 1301; December, 
Convention, Pacific Coa^t... .June, 636; July, 739; 
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— Summer. March, 295; April, 391; May , 517; 
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— Winter... .January, 76; February, 188; March , 
Directors’ Meeting.. . .January, 79; March, 296; 
May, 520; June, 637; August, 843; September, 970; 
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— Report for the Year Ending April 30, 1927, Board 

of.*... June, 

Elec trophy sics Committee Cooperates with American 

Physical Staiety.* • *; • • ■ 

Gherardi, Bancroft, President-Elect of the A. I, E. E. 
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Meeting, Annual Business..... .April, 392; May, 

-and New York Section. June, 

— Bethlohem Regional, April 21-23,. February, 191; 

March , 294; Apnl, 390; May, 
— Chicago Regional, Ho vember 28-30. September, 969; 
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190; March, 293; Apnl, 
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— Special, of Institute Membership...... November, 
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— Three Regional Planned for First Half of 1927 
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American Institute of Electrical Engineers ( Continued ) 

Representatives. January, 103; February, 210; 

March, 316; April, 415; May , 545; June, 661; 

July , 758; August, 854; September, 980; October, 

1145; November, 1301 December, 

Sections, List of. January, 104; February, 210; 

March, 316; April, 415; May, 645; June, 661; July, 

758; August, 854; September, 980; October, 1145; 

November, 1302; December, 
Student Activities: A. L E. E. Branch Organized at 
Duke University.j . . .May, 

— — Annual Spring Engineers’ Day at University of 

Colorado.. July, 

-Award of National Best Branch Paper Prize 

July, 

-Branch Meetings. . January, 91; February , 197; 

March, 302; Apnl, 400; May, 531; June, 647; 

July, 746; August, 84 S;. September, 972;« 
October, 1140; November, 1294; December, 

~~ — Carrier-Current Telephony. May, 

*-Columbus Section and Ohio State University 

Branch Joint Meeting. July, 

-Conference on Student Activities at Bethlehem, 

Pa.. May, 

-. — Boulder, Colorado....... .April, 

•-Pittsfield, Mass.... J uly, 

-t -Summer Convention..... August, 

-Denver Section Has Student Program. .April, 

-Direct-Current Transmission Considerations 

June, 9 

— — Electrical Engineers’ Party at University of 

Minnesota..,. June, 

-Show at Michigan State College.,. .March, 

-Vaudeville at Louisiana State University 

June, 

-Engineering Exposition to be Held at Lewis 

Institute.Y. May, 

-Open House at University of North Carolina 

July, 

>—— Electrical Show at Pennsylvania State College 

December, 

-. — Show at University of Southern California 

May, 

-Genera] Engineering Council Organized at 

Stanford University. ... ... June, 

-Hydro Power Resources of the United States 

April, 

— Influence of Line Voltage Upon Induction 

Motor Characteristics.... April, 

-Joint Branch Meeting in Milwaukee . ..July, 

-Section and Branch Meeting at Corvallis, 

Oregon.. J une, 

--•--University of Utah./ une, 

--- Large Power Plant Generator Tested by 

Students.- ► ■ - July* 

-M. I. T, Branch Distributes Problem Solutions 

J'tfne, 

-Nebraska Section Has Student Program. June, 

— — New York Section Holds Student Convention 

Election of Officers for 1927-28 Announced 

May, 

-Student Convention, April Sth. April, 

--North Eastern District Awards Best Branch* 

Paper Prize for 1926. June , 

-West District Awards Best Branch Paper 

Prize for 1926.. April, 

—- — Penn State Branch Holds Electrical Show 

January , 

-Santa Clara, Akron and Princeton Organize 

New Student Branches... January, 

-Section and Branch Conference at Portland 

May, 

-Student Activities at Pacific Coast Convention 

Octobcr, 

-Convention at Drexel Institute. .> . ► • • April, 

-- i n California. ...... . February, 

- 0 f North Eastern District— ..... .July, 

—--To Be Held in Connection with Chicago 

Regional Meeting... .'November * 

-Program at Meeting of Vancouver Section 
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-Transmission of Motion Pictures by Radio June, 

Year Book....\Y.. -, r *.* 
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INSTITUTE AND RELATED ACTIVITIES 
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American Society of Civil Engineers to Meet at Denver r 

* May i 521 ' Jr 

— Mechanical Engineers Annual Meeting November] 1291 Gasoline Engine Temperatures. September 

al Convention of Illuminating Engineers.. .. October t 1135 • general Electric Appoints Engineering Council. . . /June' 

Ai Jiji Dinner.... . t OQ Clllorf». 1 Yll Rn.n m’/tff. ’ V _* 


~- rengineers Annual Meeting November . 1291 

Annual Convention of Illuminating Engineers_ October. 1135 

— S. A. E. Dinner.'. January 83 

Arc Welding Prizes Established by Lincoln Electric 

Company.;. April 393 

A. S. M. E. Spring Meeting, Main Features of the’.'. May, 520 
Australian Commission Tours Uni ted States. May , 523 


Gherardi, Bancroft." .,,, . January' 

—-, President-Elect of the A. I. E. E..’ , June 

Guggenheim Sciiool Opens..,.. July, 

II 


Centennial of the Institution of Civil Engineers. December , 

Central Station Design. January 

Chamber of Commerce to Deliberate Water Power May 
Changes Explained in Patent Practises. Apni 

— Recommended for Ignition Systems.’ . '. .March 

i Chicago Power Show. December, 

College Courso in Meters. Maj/ 

Columbia Appoints Committee on Engineering Training 

and Research. March 

University Offers Scholarship in Electrical Engineering 

Conference on Engineering Materials. October 

Convention, Pacific Coast- June, 636; July, 73 q’- 

August, 838; September, 968; October, 

Summer. March, 295; April, 391; May, 617; 

wi . . "33; July, 739; August, 

— Winter ...... January, 76; February, 188; March, 

Coolidgo Awarded Hughes Medal. December, 

— Declines Medal.. 

, Dr. W. D , Honored. i!!!:i!! .777.' 

* D 

Dogi-ees Conferred. Upon Six Scientists. July 

° f Cu l?i e o * News . January,' 106; 

. February, 212 ; March, 318; April, 418; May, 548 : 

June, 664; July, 760; August, 856; September, 9821 
T v \ Tr , ... October t 1148; November, 1304; December 1500 
Dobson, Vice-President, Visits Institute Sections. August] 846 

E 

Edison Medal Awarded to William D. Coolidge. January 
f? eR * n Adam „ s ^presents American Engineers at 

9 0 L ! lt f nal ^’ Louvain University. November 

Llectncal Safety Conference Dissolves. July 

Elihn Thomson Honored. . MnZh' 

Engineering Education. January 

■ Engineering Foundation aanumy, 

Af «n r /v lle - g ° E . duo » tion Through Founder Societies 

and Engineering Found ation. 4 

Deed of Gift. ul 1 

Engineering Researoh..7.7.7.. CjJnhJr 

. , Exceptional Research Problems..77 Novembtr 

Flinn, A. D., Receives Honorary Degree . August 

M Stress 0n Endurance of Metaia Under Repeated 
Officers Elected for 1927.7.7.7.7.7.77.7 .'■ .Mar^/i' 

LngineerS Predict Future of New York.. December 

Ptae Rewards for S .^ ety . Pr °rao‘ion.77' '.DeccmUr 

P En^ ■: • * December 


High-Frequency Electric Currents to bo Demonstrated 
before New York Electrical Society, Now Uses of 

— 7 - Voltage Conference. N/ay 

Holland Vehicular Tunnel the Subject of Now York 

Engineers’ Meeting. March 

Hunt, J. IL, Eleoted President of S. A. E. March, 

I 

I. E. C. Conference at Bollagio. October 

Industrial Transition in Japan... ’ ' October 

“Institute of Chemistry”...7,'.'.' Amii 

Internationa 1 Commission on Illumination Also Moots at 
Hellagio. October 

— Electro technical Commission Sixth Plonary Mooting 

— Radio Convention in October. October, 

J 

James H. MoGraw Honored. . January 

John Fnte Medal Awarded.7 January 

— --for 1928, Award of. .77 November 

— Scott Medal Awarded to' Grid-Glow Tube Inventor 

Johns Hopkins New Plan for Univorsity Work_ April] 
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Patent Office Improvements. July , 
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April, 393 

— School for Engineering Teachers_ May, 522; July , 742 


Testing of Insulation Materials, A New Pamphlet on 

October, 1137 

Trip to West Point on May 12, 1927 . May , 5g0 

Twenty-fifth Annual Convention of American Road 

Builders’ Association. Dece 7 nber , 1468 

Twenty-Three-Day Midwin ter Cruise. October , 11*35 


United Engineering Society; Treasurer’s Report for 


Year 1926. March, 299 

—-Twenty-Third Annual Meeting.71/ arch, 299 * 

University of Illinois Has Established Research 

Assistantship s. February, 195 
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NEW CATALOGUES AND OTHER PUBLICATIONS 

• Mailed to interested readers by issuing companies 

Axitomatic Railway Substation. —Bulletin 1793, A com¬ 
prehensive treatment of the application of automatic switching 
to railway*use. Westinghouse Electric & Manufacturing Com¬ 
pany, East Pittsburgh, Penn. 

Lead Tip Insulator Pins.— -Bulletin, 16 pp. Describes 

• O-Eflead tip steel pins for insulators; also double arm construc¬ 
tion materials and double pin pole top brackets. Ohio Brass 
Company, Mansfield, Ohio. 

Wafer wheel Generators.—Bulletin GEA 820, 32 pp. 
Describes G-E vertical waterwheel driven generators 62.5 lcv-a. 
to 3000 kv-a. Tables for calculating horse power of turbines 
jye ’included and typical installations are illustrated. General 
Electric Company, Schenectady, N. Y, 

• - Speed Reducers. —Bulletin, 15 pp. Describes a line of 
small, speed reducing gears. Winfield H, Smith, Inc., Spring-*, 
ville, N, Y. 

Magnetic Brakes.—Bulletin, P-38, 20 pp., entitled “When 
Industry Says Stop.” Describes the construction and operation 
of all lypes of magnet brakes—both for alternating and direct 
current. In additym it contains tables showing the exact 
size and type of brake for use with the various types of mill and 
e»ane motors. The Cutler-Hammer Manufacturing Company, 
Milwaukee, Wis. 

Insulating Materials.—Bulletin GEA 603, 28 pp. De¬ 
scribes the complete line of G-E insulating materials. Among 
the products listed are compounds, cloths, tapes, varnishes and 
papers. General Electric Company, Bridgeport, Conn. 

Rural Electrification.— Booklet, 48 pp,, entitled “Electricity 
in the Pathway of Prosperity.” Illustrates the uses of elec¬ 
tricity on the farm. The purpose of the book is to stimulate 
rural electrification, and in the preparation of the material the 
collaborators included power companies, the National Electric 
Light Association and numerous agricultural interests. West- 
ingliouso Electric & Manufacturing Company, East Pittsburgh. 

The Georgia Power Company, Atlanta, Ga., has just 
ijssxjpd its new year book of fifty-six pages, which is being widely 
distributed to attract new industries to Georgia. The book is 
beautifully, illustrated in colors, picturing the hydroelectric 
envelopments of the company and the various industries of 
Georgia. ‘The industrial progress of the state is also shown by 
comparative; figures. 

NOTES OF THE INDUSTRY 

yThe Parker-Kalon Corporation, mamifaoturers of self- 
tapping and drive screws used for fastening name plates to 
electrical apparatus, announces the removal on December 1> 
of its faetory and general offices to 200 Varick Street, New York. 

The Hazard Manufacturing Company, manufacturers of 
t'i|ectrioal wires and cable, announces the removal of its New 
York office to the Transportation Building, 225 Broadway, 
^phe'Chicago office has been moved to the Midland Building, 168 

AdamS Street. The New York office and warehouse of the 
.Hazard Wire Rope Company, manufacturers of wire rope and 
rope fittings, now separate and distinct from the Hazard 
|i||p^tu^ Company, will be retained at 633 Canal Street. ’ 
office and warehouse will be retained at 32 So. 
gifeiinton'S tree fci ;■■■• 

Across » the -Line Starting Switch es.^Tlie Electric Con- 
^ollbr & Manufacturing Company, Cleveland, are now supply- ' 
ing tlieir standard type ZO aoross-fcke-line starting switches for 
mm a-c. ino torts in iron clad tanka, yhick makes them suitable 
i for, operation in atmospheres where acid fumes are present,* 


Like the standard EC&M type ZO starting switch, all of the 
contacts including the overload trip, open and close under oil 
so that this starter is flame-proof. "PH 

New Shell Type Lincoln Motors.— Tlie Lincoln Electric 8|p 
Company of Cleveland, Ohio, manufacturers of “Stable-Arc” 
welders and “Line-Weld” Motors, lias just perfected a squirrel Sff| 
cage motor for use in various lands of wood worlang machinery 
and all other machinery requiring high speed motors. This -liSS 
motor is of the so-called shell type, an all-welded design, and is '•■|2jS 
made to the standard dimensions of the trade. It is supplied in llf||f|| 
two sizes, 3 HP and 5 HP. Both motors are manufactured 
for either two or three phase, 60 cycle current and a speed of 3600 
R. P. M. Tlie stator is composed of laminated sections arc- |fj 
welded together. The rotor is also entirely arc-welded and >|l|§| 
provided with either a straight or tapered bore. • 

Larde Westinghouse Unit for Japan.— The Tolrio Elcc- -;|f| 

trio Light Company of Japan recently placed, through the 3 : M 

Westinghouse Electric International Company, an order with 
the Westinghouse Electric and Manufacturing Company for 
one 25,000 Kw. turbine generator. The unit will be built at ■ :Wm 
the South Philadelphia Works of the latter company and in- : 
stalled in the new extension of the Senju Power Plant. The .Wm 
Senju Power Plant is a steam standby station, located just out- 
side the City of Tokio. This unit will be of the same design as 
two machines installed there in 1925, and will bring the capacity 
of the station up to a total of 75,000 ICw. 

Sterling Electric Motors, Inc. Organized. —Carl E, , 
Jolmson, formerly vice-president of tlie U. S'* Electrical 
ufacturing Company, has organized the Sterling Electric Motors, M "Mmm 
Inc., Los Angeles, to manufacture a new line of electric motors •' 
and motor specialities. Property has been purchased, and plans 
and specifications drawn for a modern daylight factory which SlfB 
will be in operation next January. Associated with Mr. John- TfSgi 
son as officers of the new corporation and in the active manage- ’ iWlpl 
ment are J. M. Sharp, Earl Mendenhall, Allen A. Adams, and llli 
Horace S. Walling, who were formerly president, chief ongi- 
neer, superintendent and sales engineer respectively of the U. S. " " mm 
Electrical Manufacturing Company. 

Ohio Brass Creates New York Executive Branch.— In 
recognition of the constantly increasing growth of the utility 
and industrial interests which are concentrated in tlie eastern 
states, the Ohio Brass Company has decided to create an execu- 










tive .branch in New York City, covering New England and tk 
territories served by their present New York and Philadelphia -M M iP 
sales offices. , • 

It is anticipated that the establishment of this executivl"®#^^® 
branch will better enable tlie company to serve the industry in 
the broad sense and will develop a more intimate rninHnnnlilj ijMlH 
with this large center of utility and industrial activity. This : lSI§t|tif 
change will be made effective about the first of the year with 
Mr. Frederic Attwood in charge. Mr. Attwood is well known ,'W^Sm 
in the electrical industry, both here and abroad, having direeted-:®iB^fc 
the interests of the Ohio Brass Company in Europe for several 
years and has recently returned to tliis country'to undertake 
organization and direction of tlie New York executive offlco|i|#^ft 

60,000 Kilowatt Turbine. Genera tor for Birmindham.^i^|SBlfHSl 
The first giant single-cylinder turbine-generator for sdrviee south 
of the Mason and Dixie Line is now being manufactured in the \w‘ ;- 

Schenectady shops of the General Electric Company. Rated at 
60,000 kilowatts, tbij unit will be the initial iustallatioii 
station being built by the Dixie Construction Company near thb 
site of the present Gorgas station of the Alabama Power»%!oiPl 
pany near Birmingham, Ala. The ultimate capacity': of 
station, will be 240,000 kilowatts, and will be used to ^#W|R 
fast growing load demand of the south. 
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Change in Institute 

Publications Ratified 

The opening article in the Journal for November, 
1927, gave an outline of the changes proposed for the 
publications of the A. I. E. E. and these changes were 
adopted' by the Board of Directors at its meeting on 
December 16th, after a careful canvas of the situation 
by the Publication Committee. They are being put 
into effect as rapidly as possible and it is expected the 
new plans will be in full operation within the next two 
months. 

In order that the changes should be acceptable to 
the membership, the Board of Directors, invited sug- 
gestions and criticisms, and in addition, two hundred 
letters were sent out by the Publication Committee 
to some of the most active members, also inviting 
comments on the proposed changes. The net result 
of these appeals was 75 letters from a membership of 
18,000, which can probably be construed as a vote of 
confidence in the Institute’s committees to carry out 
its publication policies to the best advantage of all. 

Of the 75 replies received, 78 per cent endorsed the 
suggested changes unqualifiedly and but four or five 
had objections. These letters also contained numerous 
suggestions which the Publication Committee ac¬ 
knowledges with thanks to the writers. Most of the 
suggestions received, however, had been previously 
considered and rejected for reasons which are more 
readily apparent to those experienced in the publishing 
business than to the laity. For example, several 
of the proposed plans would make the publications 
ineligible for second class post office entry, while others 
would require an additional force of employes to handle. 

The plan finally adopted, which it is believed, will 
cover the Institute’s publication requirements for 
several years, is predicated on the production of the 
maximum amount of technical literature for the avail¬ 
able money. There is probably a general feeling that 
the Institute should be the repository for all of the most 
important contributions to electrical engineering litera¬ 
ture, and with this thought in view, the present plans 
contemplate a gradual increase in volume of material 
published, limited only by our financial resources. 

Pamphlet Copies 

As soon as practicable, after the receipt of manu¬ 
script, pamphlet copies of each paper will be printed, 
and an important point to be noted is that in every 
case the pamphlet copy will contain the paper in full 


* • 
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Each pamphlet copy will bear a serial number for. 
convenience in ordering and this serial number will 
appear on the Journal abridgments of the papers 
and also on an order form to be printed in each number 
of the Journal. It will then only be necessary to 
check on the order form the number of the paper desired 
tear off the form and mail to headquarters in order to * 
obtain any pamphlet copy free of charge. By meads of 
this arrangement every paper is at once available to • 
every member who wants it, and without any expense. 

The Journal • 

. As soon hereafter as the plans can he put into effect ^ _ . 
.the Journal will consist of articles none of which 
will he over four pages in length. These will consist 
chiefly of abridgments of the papers presented at 
conventions and regional meetings, but owing to the 
condensed form in which they will appear, sufficient 
space will be conserved for the publication of many 
section and branch papers of merit, as well as con¬ 
tributions, all of which have been largely crowded out 
in the past for lack of space. The JOURNAL will 
therefore contain a resume, in brief and interesting 
form, of each of the papers published by the Institute, 
which it is thought will enable every member to keep 
abreast of electrical progress in all fields without being 
bothered by details in which* only the specialist is 
interested. At the same time, any paper the- reader 
may desire in full is immediately available, as explained 
above. Discussions in the Journal will be in abstract * 
only. 

The Transactions , 

Volume 45 of the Transactions for 1927, which is 
now in course of preparation, will be the lagt annual 
volume to be published by the Institute. Thereafter 
the Transactions will be issued quarterly, in pamphlet 
binding, for which a subscription price of two dollars . 
per year will be charged. In all respects the contents 
of the Quarterly Transactions will be the same as in , 
the Annual Transactions,, that is, all papers and • 
discussions will he printed in full. Objections^ have 
been made in some cases to the pamphlet binding erf 
the quarterly, and to meet such objections arrange- • 
ments have been made to bind the quarterly in cloth, 
identical in style with the previous annual volumes, 
for an additional price of two dollars. 

The annual volume for 1927 will include the papers 
presented during that year from January 1st through 
the 1927 Summer Convention. This will make a 
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NOTES AND COMMENTS 


book of about 1200 pages. The first quarterly will 
include the papers presented at the Pacific Coast 
Convention and the Chicago Regional Meeting in the 
Fall. It is estimated the quarterlies for 1928 will 
average about 375 pages in size, and will be published 
in the months of January, April, July and October. 
One effect of issuing the Transactions quarterly is to 
advance the time of publication about a year, and there¬ 
fore during the transition period of 1928 the membership 
will be receiving both the 1927 Annual, and the 1928 
quarterlies, so*that subscriptions to both will fall due 
during the same year. 

fn order that the above program may be put into 
effect the Board of Directors at its last meeting adopted 
the following ruling: 

Manuscripts of over 4000 words intended for publication in 
the, Journal in abridged form, must be accompanied by an 
abridgment of not more than 4000 words, and of a proportion¬ 
ately smaller number of words if illustrations are included. 

Hereafter an essential part of all papers submitted* 
will be an abridgment, in accordance with the above* * 
ruling, for Journal publication. It is not believed 
that this will impose any additional burden upon the 
authors as they now have to prepare abridgments in 
order to present Jfche papers at meetings in the allotted 
ten minutes time. The same abridgment, covering 
the most important features of a paper, would be 
suitable for Journal publication and for presentation 
at meetings. 


Journal A. I. E. EiiA 



The results of the new publication policy may be 
briefly summarized as follows : 

1. Each member will receive the monthly Journal 
as at present and sucli complete pamphlet copies as 
he may select, without extra charge. 

2. Each member subscribing two dollars will 
i eceive four Quarterly Transactions containing all 
papers and discussions in full that are deemed suitable 
for this permanent reference work. 

% 8, Each member subscribing four dollars will 
receive the Quarterly Transactions hound in cloth 
identical in style with the annual Transactions of 
previous ye^rs. 

4. During 1928, both an annual for 1927 and 
quarterlies for 1928 will be published and subscriptions 
for both will fall due. 


Some Leaders 

of the A. I. E. E. 

Edward Leamington Nichols, Professor Emeritus 
of Physics, Cornell University, a Member of the 
Institute since 1887 and its vice-president 1889-1891, 
was bom September 14,1854, at Leamington, England; 
his parents, however, were Americans, their home being 
in New York City, and the boy was prepared for college 
at the Reekskill Military Academy. In 1871 he entered 
Cornell, studying under Professor, William A. Anthony, 
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then in charge of the Department of Physics. Later 
in 1887 when Professor Anthony left the chair, his 
former pupil was chosen to fill the vacancy, continuing! 
as head Professor of Physics until his own retirement. : 
Following his graduation from Cornell, Doctor Nichols! 
went to Germany to continue his studies with such 
teachers as Wiedermann, Kirchhoff, Helmholtz and 
Listing. It was under Listing that he received his! 
degree of Doctor of Philosophy from the University of f 
Gottingen. As a Fellow of Johns Hopkins, Doctor 
Nichols returned to America to continue his scientific : 
work in the laboratory with Professor Henry A. Rowland.’! 

Thus, he had the great advantage derived from ! 
early association with the leading physicists of both 
Germany and America, and in the early days when 
establishing technical courses work in electrical engi¬ 
neering was often combined with the study of physics. 

In 1880 Doctor Nichols joined the staff of Thomas A. 1 
Edison at Menlo Park, there working with problems 
appertaining to the incandescent lamp. The follow- •! 
ing. year, however, he was called to the Central:!; 
University of Kentucky as professor of Physics and: 
Chemistry, in 1883 he was made professor of Physics and ; 
Astronomy at the University of Kansas. At Cornell, 

Doctor Nichols has made exhaustive researches in the!! 
fields of electricity and optics. He was the first to| 
investigate alloys with low temperature coefficients of Si 
resistance and to show that certain proportions of the 
ingredient alloys could be obtained even with a zero ' 
or negative coefficient. His work dealt with photometry, ■!■ 
physiological optics, fluorescence, phosphorescence, :i> 
luminescence and co-related phenomena. Many of his 
papers on experimental physics have been published in 
the scientific journals of Germany, England and America; 
his books too are well known to the professional world. 1 mk 

In 1893 he founded the journal, Physical Review, himself 
editor in-chief. In the same year he became secretary to 
the Chamber of Delegates of the Electrical Congress at 
Chicago, and a member of the visiting committee 
officially appointed by the Bureau of Standards. He 
obtained his B. A. from Cornell, the degree of LL.D. 
was conferred upon him from the University of Pennsyl¬ 
vania and his D.Sc. was earned at Dartmouth. He is 
a Fellow of the American Academy of Arts and Sciences, 
a member of the National Academy of Sciences, the 
American Philosophical Society, past-president of the 
American Association for the Advancement of Science 
and the American Physical Society; and honorary 
member of Illuminating Engineering Society and the 
Optical Society of America. While Doctor Nichols' 
work has been of great practical value his ideals are 
research for its own sake. It is his contention, however 
that many practical applications of fundamental 
scientific truths cannot Joe foreseen and that therefore 
this same application is but the outgrowth of research 
which at its inception, might appear to have little or 
no practical application. He has been rightfully 
placed among the leading scientists of the age. 







Rectifier on the Chicago, North Shore and 
Milwaukee Railroad Company. 


BY CAESAR ANTONIONO 1 

Associate, A, I. E. E, 





Synopsis.—Actual operating results and experiences with a 
mercury arc rectifier feeding a railroad are given in this paper . 


The rectifier is compared mth synchronous converters in regard to 
efficiency, troubles , maintenance and other points. 


T HE application of the mercury arc rectifier is one 
of the newest developments in the railway power 
field and very little is yet known about its possi¬ 
bilities and applications in this country. 

Other papers presented before the Institute have 
covered the technical points and details on the subject, 
so that I shall attempt to confine myself to the rectifier’s 
performance on railway work in conjunction with auto¬ 
matic operation. 

The development of the rectifier in this country is 
very much in its infancy as regards its commercial 
application. It appears to be used more extensively 
in Europe, and the extent to which it will be. applied 
here is limited only by the economical and operating 
results which can be obtained. 

In considering its application to any property we 
naturally compare it with the synchronous converter 
and motor-generator set designed to serve the same class 
of service, with which we are familiar. . 

The advantages of the mercury arc rectifier over the 
synchronous converter and motor-generator according 
to previous papers presented before the Institute are: 
1. High efficiency over the whole working range, 
2. Very high capacity to absorb momentary loads, 
3, Insensibility to sliort circuits, • 

4. No synchronizing, 

5. Simple operation and minimum attention, 

6. Noiseless operation and no vibration, 

7. Low maintenance cost, * 

8. Reliability of service. 

This paper discusses each of these points in connection 
with the experience we have had with the operation of a 
rectifier on the Chicago, North Shore and Milwaukee 
Railroad. The rectifier is rated at 1000 kw., 600 volts 
direct current and it is located on the section of the road 
as shown in Pig. 1. This section is fed also by syn-, 
chronous converters of 1000-kw. and 1600-lew. rating as 
shown. This rectifier, made by the General Electric 
Company, is the first 600-volt machine made in this 
country which hafe been installed in actual service, 


1 . Chicago, Norfcii Shore and Milwaukee Railroad Go., 
High wood, Ill. . *" 

Presented at the Regional Meeting of District No. 6 of the 
A.^. E. E., Chicago, III,, November 28-30,1927. 


Efficiency 

• 

The efficiency of the rectifier was compared with that 
of five converter stations by taking measurements*on 
each substation for five months. The results of the 
records are shown in the accompanying Table I. The 
efficiency is taken as the d-c. output divided by. the 
a-c. input. The figures include the efficiency of powef 
transformer and converter or rectifier. They do not 
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Fig. 1—Section op Railroad Fed by Rectifier Substation 

Location of synchronous convertor substations also shown. Partf’of 
Chicago, North Shore & Milwaukee Railroad 

include the power used for the operation of automatic* 
devices and auxiliaries such as vacuum pump, motor- 
generator set, heaters in the rectifier station,.nor the 
power used by auxiliaries and a-e. contactors in the 
converter stations, • > 

I believe this comparison is fair. It was the best 
method I had of making a comparison in the short time , 
available preparing this paper. Although 1 not exactly 
correct, it shows a pronounced difference in the effi- 
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TABLE I 

PERFORMANCE OF RECTIFIER AND SYNCHRONOUS CONVERTER SUB STATION S 
Tfte kw, and efficiency v&luoa do not include the power used for the operation of automatic devices and auxillurioa such as vacuum pump* wutoi* immp*|||g|p 
motor-generator set and heaters in the rectifier station nor the power used for auxiliaries and a-c. contactor itt t i i o con v or tor aUUIcma ^ ^ 
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No, 1. substation... 

A-O. input 

87300 





80800 





82200 




1600-kw. syn. converter... 

D-O. output 

02130 

341 

11 

182 

71.2 

59024 

300 

10 

130 

0B 

67140 

341 

ii 

1(17 

No. 2. substation. 

A-C. 

43500 





34200 





34200 
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1600-kw. syn. converter... 

D-O, 

30550 

201 

0.5 

161 

70.2 

23214 

180 

0 

128 

07.8 

25294 

201 

(5.6 

126 

No. 3, substation. 

A-O. 

69600 





74400 





78300 




1600-kw. syn. converter... 

D-C, 

53200 

310 

10 
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70.6 

68200 

330 

11 

176 

78,3 

00800 

341 

11 
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No. 4, substation. 

A-C. 

125700 





84300 





95700 




^500-kw. syn. converter... 

D-C. 

07900 

434 

14 

225 

78 

62400 

315 

10.5 

197 

74 

73000 

372 

12 

100 

Liberty Lake. 

1000-kw. syn. converter... 

A-O. 

D-C, 

115960 

83154 

496 

16 

167 

71.8 

139950 

106844 

000 

22 
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76.0 

140100 

104203 
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23 

m 

No. 6. substation. 

1000-kw, mercury arc rec¬ 

A-O. 

89700 





76000 





70060 




tifier. 
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D-C. 
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• TABLE I—GONTi 

PERFORMANCE OF RECTIFIER AND SYNCHRONOUS CONVERTER SUBSTATIONS 

i a .1 1. 1! Tly , ! ' “ n - —— - ■ ■ _______ 


Substations 


• No. l substation. 

1500-kw. syn. converter.... 

No. 2 substation... 

1600-kw. syn. converter. 

: # » 

No.3 substation.... 

11500-kw. syn. converter.' 

No. 4 substation.... 

IWO-kw. syn. converter. 

Liberty* Lake. 

1000'kw, syn. converter. 

No. 5substation,,. 

1000-Kw. mercury arc, rectifier. 


A-C, input 
D-C. output 

A-O. 

D-C. 

A-C. 

D-O. 

A-O, 

D-O. 

A-C. 

D-O. 

|A-C. 
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carried by any of these stations. The duration of 
this load is controlled by thermostats on the load- 
limiting resistors set to release this load in about six 
or seven min. 

It is, however, possible to have aload abovetherating 
of the equipment and below the 175 per cent overload 
j’elay setting for a much longer time than 7 min. A 
load of this kind would be without thermostatic control 
and might last indefinitely. It could be caused by 
traffic schedule disarrangement on account of trouble, 
extra passenger or freight service or a trolley wire on the 


imposed on the rectifier an overload of much longer dura¬ 
tion than we know. There are norecordinginstruments 
to show when this occurs.. The rectifier does not show 
any signs of having been abused; momentary opening of 
the high-speed circuit breakers is the only indication that 
there must have been excessive load. 

Insensitivity to Short Circuits 
Our experience shows that the rectifier is not sensitive 
to short circuit. Repeated reclosing on a short cir¬ 
cuit does not affect the rectifier. Uncler the same 
treatment a synchronous converter of the same capacity 



Fiq. 2—Current Delivered by Mercury Aro Rectifier on Day of Extremely Heavy Ljad 
Part of record of June 24 t 1026 on Substation No, 6 of Olilcago, North Shoro and Milwaukee Railroad 
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Fia, 3 —Typical Load on the Eectifiek Substation 



Fig, 4—1000-Kw. Mercury Arc Rectified, and Automatic 
Switchboard 

Substation of Chicago, North Shore & Milwaukee Railroad 

* 

ground at such a distance that the resistance of the 
feeders would limit the current. . 

Happenings of this nature are not unusual on a rail- 
’ road and I believe that we have more than one time 


would be likely to flashover regardless of the protective 

devices, and in an automatic substation it would lock 

itself out and the station would be shut down until an 

« • 

inspector could put it back in service. 

No Synchronizing 

The fact that synchronizing is not necessary .with the 
rectifier is quite important. In the automatic stations 
on our system only 4 to 6 sec. are required to connect a 
rectifier to the line. From 20 to 35 sec. are'required to 
put a converter on the line. Therefore we can deliver 
a higher voltage to the train and trolley 16 to 29 sec. 
sooner with a rectifier. 

Simple Operation and Minimum Attention 
We must agree that the mercury arc rectifier requires 
less attention than the synchronous converter, and its 
operation is much simplier. There are no brushes, 
commutator nor slip-rings to take care of. There is no 
dust spreading over the equipment. These advantages 
are very much appreciated inautomaticstations without 
attendance. The ventijation of the equipment and 
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RECORD OP SHUT-DOWNS OP RECTIFIER 
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building is also simplified as compared with converters, 
especially in unattended stations. 

I do not want to create the impression that there are 
less devices involved in the mercury arc rectifier than 
there are in the. converter station. On the contrary, 
with the rectifier more auxiliaries are used, such as 
* arc-starting exciters, vacuum pump, water supply, 
temperature regulators, tank heaters, etc. While in 
our case # some of these devices have caused a large 
number of shht-downs, the troubles were in the in¬ 
dividual pieces of apparatus and they have been cor- 
, rented. Those devices should not need much attention. 

• Noiseless Operation and No Vibration 

Th*e absence of vibration and noise in the mercury 
are equipment makes it possible to install it in locations 
where the synchronous converter would not be allowed. 
In one converter installation it cost about $8000 for 
sound-proofing and ventilating the substation building, 
eliminating the noise to comply with the wishes of the* 
surrounding residents. Such expense would not have 
been necessary with mercury arc equipment. In- 
ciderttally in addition to the first cost we have added 
ventilating equipment and extra building maintenance. 
Obviously, with the absence of vibration it is not neces¬ 
sary to install special foundations for the rectifier. 
It may be set on an ordinary floor. Ventilation becomes 
of minor or no importance, and in general a less expen¬ 
sive building is required. 

Lower Maintenance Cost 

We do not know at this time just what maintenance 
will be necessary on the rectifier. ‘ 

From May 1926 to May 1927 this station was 
attended by an operator and the manufacturers of the 
rectifier kept a close watch on its performance. Being 
in a development or trial stage they took care of neces¬ 
sary maintenance. In addition, new developments 
which they made in other installations were applicable 
to this equipment and minor changes were made 
accordingly. Since May of this year this equipment 
has been in automatic operation without an operator, 
i he maintenance required is very little, outside of the 
regular weekly inspections it has amounted only to 
applying a little oil. Like others we are watching this 

lw I?* a - g T Gat deal of interest - Our impression is 
that the maintenance will be very much less than that 
required for a converter although some manufacturers 

Xr Stretehed thls point a little much. Time 

&i...R eliability of Service 

^eautomatic rectifier station is as reliable, or more 

«R n H an ft, average 60 ' c y cle synchronous con- 
5tatl °n of the same capacity, 

Ww lESwf-? 1 '' ilier ™ batatioi i, commencing 
S2, " h “!* «• started and put in service 

May 


Cause of shut-down 

No. 

Total UiaiSjjg 
mill, 4 V I 

High temperature of tanks. 


2 

48 

Exciter trouble... 


30 

530 

Driving chain and motor on wator pump.... 

13 

316 . •>:* 

Loose connection and bad control circuit,. ,. 

3 

61) 

Vacuum-pump trouble, motor and oil pump, 

3 

200 

FJashover of anodes.. , 


0 

810 ,v.=i % 

Starting fpiodes sticking. 


5 

C02 

Misc, unknown. 


12 

noo 

Total shut-downs., 


83 

3730 .3 

To$al time rectifier operated 337,140 min. !;| 




For, cent of 


No. of 

Avo. timo 

timo of v 

Shutdown by failure of 

times 

min. 

o puru lion 

Rectifier..,. 

25 

68 

0.436 

Auxiliaries.. 

58 

30 

0,074 * 

A11.. 

83 

45 

1.100 


Commenting on the foregoing data, it is of interest to 
note that the time the rectifier was out of service on 
account of troubles with the rectifier itself was 0.486 
per cent of the total time. The time lost on account of 
the auxiliaries failures was 0.674 per cent of the total 
time. 

The nature of the trouble with the auxiliaries is rather 
interesting. A larger amount of trouble might b© 
expected with the rectifier on account of its newness 
in the field, but to have a small motor-generator set 
or a chain on a water pump and motor cause this.; 
bad record is out of place in our days. Engineers have 
been building and operating motor-generator sets and 
water pumps for years, but in this case we were after 
the big things but let the little things cause the most 
trouble, Fundamentally the record is good, the nature 
of the troubles is not serious. Since May 1927 thr 
record as ah automatic substation is as follows: 
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Failure in auxiliary 


No, of 
shut-downs 


• Motor on ono vaouum-pump burned out. 

Locked out after third reclosing of the oil circuit 

breaker within a definite tiino during storms. 

Locked out on account of brolcon spring on oil- 

switch mechanical latch* ... 

Locked out after third reclosing of the oil circuit 
breaker within a definite timo, eauso unknown,., ■ 
Fuse blown on operating transformer supplying 
power for the operation of devices.. ., 

Total shut downs. 
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thi?H a !' theSe s, “ lUI “" ,|ls ' the toe lock-outs after tho 
0, u‘ hC < ? switeU could be questioned and 
possibly may have been caused by arc-back in Hi« 
rectifies, or other troubles in the reXol which we 
have not detect®). All the remaining troubles were not 
mhereut w,th the rectifier, hut „* causX otX 

Our confidence in its reliability is suc h that we 
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established a weekly inspection for this rectifier station, flash barriers, brushes, brush rigging and the insulation ( 

but we do not consider it advisable at present to leave in other parts of the machine. , V"4fa 


a converter so long without inspection. 

The record of the rectifier was compared with that of 
a synchronous converter of modern design and of the 
same capacity. This converter is located on another 
section of the railroad where the load conditions are 
about the same. It is protected from excessive loads 
by load-limiting resistors without high-speed- circuit 
breakers. In this comparison I used none of the con¬ 
verters shown in Fig. 1 because these converters are 
of larger capacity than the rectifier and naturally they 


Since May 1927 to date this same converter flashed 
over 8 times and due to fhe many flashovers which this 
machine has had, extensive repairs had to be made on 
the commutator, rings and other insulation involving 
150 hr. in one shut-down. 

This record seems to indicate that the troubles with* 
the rectifier itself probably will not he as serious as with 
the converter of the same capacity under similar load 
condition. * 

The writer has great confidence that the mercury are 


are more stable and would take a larger shock and carry rectifier is here to stay and predicts that 10 or 15 Vrs. ( 
, more load without flashing over; nor have I used the from now a large application supplementing the eon- 
converter at Liberty Lake, Fig. 1, as the momentary verier. The converter had its day, the rectifier’s 


load demands on this station are less than they are on 
the rectifier. 

The converter which I compared had 45,434 hr. of 
run on its record on May 1927 and had 34 flashovers 


day is coming. It is true that the rectifier at present 
costs more than the converter of the same capacity and 
there is some misunderstanding as to its rating. Bijt 
with an increasing number of installations and our co- 


causing as many shut-downs, representing 276 hr. out operation, as operators, with the manufacturers, the * 


of service on account of flashovers. There was an 
average of 8.1 hr. out of service per shut-down as the 
majority of these flashovers, damaged commutator 


' development process will he speeded up and the pro¬ 
duction cost will naturally be reduced to a figure 
comparable with that of the converter. 


The Hall High-Speed Recorder 

s BY E. M. TINGLEY* 

Associate, A. I. E. E. 

Synopsis. —A new form of oscillograph for recording fault is described. Representative records are analyzed and further appli- 
ctirrcnts and their voltage disturbing effects in electric power systems cations of the instrument are suggested. 


Introduction 

L IFE histories of electrical disturbances in the exten¬ 
sive 60-cycle, 12,000-volt systems df the Com¬ 
monwealth Edison Company have been written 
during the last few months by the high-speed recorder 
developed by Chester I. Rail. The object of this paper 
is to describe the application of the device and the 
records obtained with only a limited reference to the 
details of its construction. 

Description of Recorder 
This instrument is a form of oscillograph for tracing 
continuously the maximum values of current and volt¬ 
age during system fault conditions, Sturdy construc¬ 
tion makes it suitable for application in generating 
stations and substations. It seems to be the only 
instrument yfet. developed for this class of service. 
Its performance lies between that of the standard 
oscillographs and the switchboard curve-drawing meters 
with speed-up attachments. 

The measuring element or meter is of the saturated 

1 , Commonwealth. Edison Company, 

Presented at .the Regional Meeting of District No, 6, 
of the A, I '* E u Chicago, III, Nov . 28-80, 1927* 


magnetic-vane type, having a natural period of vibra¬ 
tion sufficiently high to attain full deflection always in 
the same direction in each half cycle of current 
measured, and the motion is practically dead beat» 
The envelop of the maximum deflections is therefore 
a measure of current or voltage. • 

Four meters, three for voltage and one for* current, 
are inclosed in a light-tight case, and the records are 
made on a flat stationary, 11-in. by 14-in., superspeed 
photographic film. 

The optical system consists of an automobile*lamp 
with reflectors and lenses for concentrating light beams 
on the mirrors of the oscillating systems from which 
they are reflected to a movable plane mirror, which in 
turn reflects them to the pho tographic film. The plane 
mirror traverses the light beams across the film, giving 
a time scale to the records of 1 in. per sec. Thfe travers¬ 
ing mirror is operated by a phonograph spring motor 
through suitable gearing. 

A starting relay, dry batteries for the lamp,\trans¬ 
formers for the current and voltage meters, and alarm > 
and signal circuits complete the installation. _ 

Under fault conditions; the relay connects tHeff|||g| 


• • 


• • 


♦ 
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suring elements to their transformers, lights the lamp, 
and starts the light-traversing mirror. The starting 
operations require' 1/10 sec. or less. At the end of the 
record, which continues for ,10 sec., the measuring 
elements are disconnected from their operating circuits, 
the lamp is extinguished, and the alarm is sounded. 

. Application 

The Hall recorders as applied to the Commonwealth 
Edison 'system are installed in generating stations. 
They are* started by fault currents to ground, and they 
measure this current and the three-phase voltages to 
grdund. As faults invariably go to ground, the maxi- 
mum information is obtained from a minimum number 
of recording elements. 

The f , Commonwealth Edison 60-cycle, 12,000-volt 
system consists of four large separate systems, Craw¬ 
ford, Calumet, Fisk, and Northwest. Each unit 
system consists of a generating station with radial 
distribution cables to the substations. The neutral 
of one generator in each station is grounded through a’’ 
3-ohm resistor which limits ground-fault currents to 
about 2000 amperes. There are several hundred miles 
of 3-conductor cables in each 12,000-volt distribution 
system with only a few short overhead or open lines. 

. The generating stations are usually coupled only 
through their transformer lines so that a ground fault 
in one system does not cause ground current in another 
system. However, Fisk and Crawford are occasion¬ 
ally conductively coupled at 12,000 volts, and with this 
condition a fault causes neutral current at both generat¬ 
ing stations. 

The relays were first adjusted to trip with 125- 
, amperes neutral current, but so many transient currents 
of undiscoverable origin operated the recorders without 
leaving a record that all the relays were readjusted to 
trip with 400 amperes. Transient currents were prob¬ 
ably caused by synchronizing operations or the starting 
of transformers or motors, 

Thp rather high condensivfe coupling to earth by the 
cables df the distribution systems may possibly be 

responsible for some of the neutral transients. 

, More than 100 records have been obtained, but only a 
few representative forms can be shown and described 
They are necessarily a “behind-the-scenes” view of some 
of the accidents and failures incident to the operation 
of a great power system. However, very few of the 
.failures recorded interrupted service. 

^Thefollowing^paragraphs describe the faults recorded 
on the records shown in the corresponding illustrations. 

. Record No. 20 , Crawford Station 

Th^l? ° n a \ overhead line sorted this fault. 

f ected after which the arc 
igended to the other phases in an irregular manner. 

due dtW to ?h«° f ff^ T*"? CUrrent may have been ' 
mlifl the , effect of a three-phase arc or to the 
.momentary complete extinguishment of the arc The 


opening of two circuit breakers, indications of which 
lost in the arc irregularities, relieved the system of 
fault. Mr 


The excessive voltage disturbances shown sire 
respect to ground only. The delta or phase-Lo-phnae |f|§£| 





||f* 
Wllmim 




voltage at 
slightly, 


the generating station is affected 


only " 111 

' I8lj 

The disturbance pattern is characteristic of a 
flaming arc in air. , ' 


Record No. 27, Crawford Station 
T his is an unusual case of two simultaneous single*^ 


RECORD NO. 17 . CRAWFORD n/E STATON 

CjEN.AUX. ± BUS'■ . IZMIA.M. 

, \i550 AMPS. ^C^RENT 1 ”" 

r ^3.7 ^ .. \ 


1 




8 4 VOLTS TO GROUNP ’ ,>;r . . ' . L ■' 

. ^ISOVC 


.r T/*y. ^ 0680 V. . 

•:' : ; I £ t?v X* • r Z ’! i ? •• o * -j • ywwfr : 


C 4 VOLTS 'TO qRDUNO ' : ... 


if: 

. :| 


to ground precipitated the second faitarT Wad S 
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circuit-breaker openings were required to clear the two 
faults. Note that there are seven different steps in the 
neutral ground current. One of these is probably due 
to arc variations. 

The first failure is on the A-phase ancl the second on 
(7-phase. The abrupt increase of current at the begin¬ 
ning of the second fault is characteristic, as practically 
all records show that cable faults attain high current 
values very quickly. 

The horizontal lines and patterns within the records 
are due to multiple reflections in the optical system. 
The vertical bands are caused by slight irregularities in 
the gears which drive the mirror that traverses the light 
beams. 

A small allowance in the time scale is made for the 
starting time of the recorder. 

Record No. 32, Crawford Station 

A three-phase cable fault produced this diagram 
and inspection of the burned cable indicated that the 
fault probably started between two phase conductors 



and burned some time before going to ground, as the 
small time and small ground current indicated by the 
record do not account for the extent of cable burning. 
Zero value of neutral current during the first second of 
the record may be due either to a three-phase arc, or 
to the entire extinguishment of the arc. The fault was 
cleared by the operation of two oil circuit breakers, the 
effects of which are lost in the irregularities of the 
currents. * " ...... 

Record* No. 34, Crawford Station 

This record started with a <C-phase cable fault to 
ground which extended to A-phase after 6.71 sec. The 
circuit-breaker relays were slow to respond to the 
ground-fault current, but the fault was quickly cleared 
by three circuit breakers after it developed to include 


another phase. As there are indicated only two steps 

in the neutral current reduction and three circuit 

♦ ... 


■ RECORD ND 34:; 6-23-27. 2‘53A,M. 

5EN. ADX, + BUS CRAWFORP AVE. STATION. 


^380 AMP?.... 


>fB6QAMPS;± CURRENT. ; 
10900Vo : 

<•>.?.r-.it i, 


-7.5-SEC—> 


: A # VOLTS TO GROUND 


4750V. 6770V. 


; L::/'■: ; ■ '" '■ "' " 


B 4 VOLTS TO finOUNP 




liiSSlSIfi 


breakers operated, it seems that two breaker openings 
were simultaneous. '• 


Record No. 36, Crawford Station 
This is a usual fault to ground in one phase of a cable 
that was relieved by two circuit-breaker openings. The 
rounded corners in the current cut-off may indicate 
arcing within the circuit breaker. That the A-phase 
only is involved in the fault is shown by the reduction 
of the voltage of that phase to ground, and the increase 
of voltage on the other two-phases, This may be other¬ 


RECORD 'No.35 CRAWFORD AVE.STATI0N 
CEN. AlIX,± BUS 6-29-27. 8:02A.M. 


wOAMPS.'dt CURRENT'' 


¥ 218 SEC—1 


A £VGLT5 TO GROUND 




.1 jV ' ; ; :/ • y ^lilJ^: 1 -!'-fTc 

B * VOLTS TO GROUND' 1 .. 

;; .viziddv. 

6900V. 

;. ' .H‘- i 1 ' ’■ ; ‘ 


C <t> VOLTS TO QROUNP 


wise expressed as the displacement' of the* neutral 
point within the delta or as the tendency of the system 
voltage diagram to stand on one corner, 

Record No. 38, Crawford Station 
This record was made when system voltage was 
applied to a faulty cable. It is usual to make a ground 
test on a faulty cable by applying full system voltage 

on each phase singly by cjosing. the disconnect and then 

* • 
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closing the oil circuit breaker. In this case, the circuit, 
breaker was closed twice on the faulty phase, B, possibly 
through the defective action of the circuit breaker 
Uniform closing and opening speeds in the circuit 
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RECORD No 38. CRAWFORP AVE.STATION ; 
^Tj EN.AUX. ± BUS ; 6~$0-£J. 5:4+P.M. ■ 





A I VOLTS TD QROJMP 

tr-. • ^ 

■; i/B $ VOLTS ".TO Q Ffi[^^ ! :-i; f: v. 5- 

C 4 VOLTS TD QRQjjNP 


breaker are indicated in both cases. This is an ex¬ 
ample of the way in which the Hall recorders furnish 
ftheclcs on the condition of apparatus and on its correct 
operation. 

Record No. 43, Crawford Station 
This trouble was caused by the leakage of brine on 
transformer bushings in an ice plant. Pour bushings . 
broke down. Two circuit-breaker operations were 
required to relieve this fault which may have extended 
beyond the 10-sec, limit of the recorder. The fault 


RECORD No.43. CRAWEORPAVE STATION 
QEN.AUX. ±BUS 8-1-27, j: 25 P.M. 


620 A- 




M-75AMPS.± CURRENT 

!•— -. 845 SEC 1. 

SUSS-hAA.. . »WSS8» 



/3860V. 


B 4 volts* togWounF 

T 10400 V. 


... ,‘ v •. ; •-I .f ;i : \* r-v I • LDJfll J * 

V'' ' .• J?Wrl 

C $ VOLTS TO GROUND 


Record No. 13, Calumet Station 'WSs 
The steady current effect of the single-phase fa Jllll 
in the cable is again shown. The first and greati^^w 
reduction of fault current is caused by the opening 
the circuit breaker at the generating station and tliillSSltll 


■ RECDRp" No 13. CALUMET STATION ■ : 

f UNITS Nol&2 . 6 -26 -27. 3:52 A.N. 


' ' iy, 


,6830V. , 

I5SDV 

^cT^^RPURp. 


lii; 


final interruption is at the substation end of the 

The fault current burned one cable conductor entirely! 'Silffl 

in two. Small oscillations on B-phase voltage indicate ; i:lll||| 


that some synchronous apparatus may. have been dis^ljf 
turbed at the time the first breaker opened. i ltlllff? 

Record No. 19, Pisk Station 
This most remarkable record of the series shows 
cable failures and a generator winding failure, all IpfljP 
ground. In addition, there are three oil circuit breaker MSS 


RECORD No.19. FISK 3T STATION 
UNIT No..13, 7-15-27. 2:00 A.M. 

. '!' k-SOJi; . . 

j •! ■ 

'2070 AMPS ± CURRENT 

('—3.8 SEC.- 

7840V. 


A $ VOLTS TO GEN. ± 


-4 



.7 460 V 

' '' - : ' ■ 7T-'.Tvk;':.; 

B 4 VOLTS TO GEM. ± 


755DV. 


C $ VOLTS TO GEN. ± 


to have Started with small arcs on all three-phases 

r tM. of ta. arc/iri ££? t 

• • • ■ • . ■ / • i • measured to the generator neutral and not to grounJc % 
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consequently, the voltage distortion registered is small, agreement between the Hall records and inspection 
It is possible to determine the time sequence of only reports regarding the phases affected and other details hAtffflf™ 

• 


a few of the events. The record started with a high 
neutral current due to 23-phase cable fault, as the volt¬ 
age on this phase is low.' After about three seconds the 
C-phase was involved. The resulting voltage dis¬ 
turbance caused the generator winding to break down, 
which was quickly cleared through the action of the 
balanced differential relays. The relays also opened 
the generator-field circuit breaker and the generator 
voltage died down. The fault persisted on the B- and 
C-phases of the generator as indicated by the low-voltage 
on these phases, and the higher voltage on the A-phase. 
Starting Characteristics 

In the generating stations as the recorders are started 
by neutral ground currents, a fault between phases 
does not start the recorder until shortly after it develops 
into a ground fault. Important parts of some faults 
are therefore lost. It has seemed impracticable to 
arrange a relay for starting on excess phase currents," 
.as ground-fault currents are usually small and become 
lost in the load currents. Also, it is impracticable to 
start a recorder in generating stations by phase voltage 
reduction, as this is usually small. Starting on neutral 
ground current is the best compromise that can be 
effected. 

It has been proposed to install recorders in some sub¬ 
stations where the effects of voltage disturbances are 
important. A quick start may be made here on voltage 
reduction between phases, where it is important, but 
there will be no response to phase-to-ground distortions 
such as are measured at the generators. More complete 
information will be obtained through two sets of records, 
one at the generating station and one at the substation. 

Records are frequently lost through the improper 
handling of the film holders and two separate sources 
of records furnish a good insurance against complete 
loss in important cases. 

Use in Testing 

Recently during oil circuit breaker testing,. the 
recorders were found very valuable in measuring effects 
of the test currents on the system. The long time scale 
allowed the starting of the instruments through tele¬ 
phone orders just before the test currents were applied. 
There were, therefore, no lost intervals such as occur in 
automatic starting. Both generator and substation 
voltage disturbances were accurately measured. Such 
information is very valuable where synchronous 
apparatus o;- induction motors having no-voltage 
releases are liable to be shaken off the system due to 
momentary voltage reductions because of testing or 
fault currents. ’ 

General Comments Regarding Records 

Records are not used to locate pr identify system 
faults. This is better done by methods that were 
used before the recorders were available.. Faults are 
located, inspected, and repaired long before the films 
are collected and developed. 


so far as they may be interpreted. Normal faults to 
ground in cables and resulting breaker operations are ; 
rather uniform in performance. Departure from a 
normal characteristic calls for explanation regarding 
circuit-breaker relay operation, and in this way thq 
records are of great value in cheeking the operating 
condition of such apparatus. 

The effectiveness of the isolated-pilose principle in 
generator station design has been fully demonstrated 
and recorded. On one occasion a single-phase arp to 
ground on the Crawford bus burned for 2J4 min.* 
without affecting service. The first f<?ur seconds of fault 
produced a record at Fisk Street through a temporary 
12,000-volt tie. The remainder was obtained from 
the speed-up charts. 

THE NEW HEINRICH HERTZ INSTITUTE 

FOR OSCILLATION RESEARCH AT THE TECHNICAL* 
HIGH SCHOOL IN BERLIN 

The extraordinary rapid development in all branches 
of technical electricity, especially ill communication, 
together with the unfavorable conditions of the post¬ 
war period, has left the scientific research work in this’ 
field far in the rear. The danger in this condition 
requires no discussion; in the final analysis, every ad¬ 
vance depends on the results of scientific research; 
without it, a sound development of technology is not 
possible in the long run. In order to promote research 
on the subject of electric and acoustic oscillations, in 
support of a suggestion made by State Secretary Dr. 
Bredow, the German Post Office, the Prussian Minister 
of Science, Art and Public Education, the Reichsrund- 
funk-Gesellschaft, the Technical High School of Berlin*, 
the large firms in the electrical industry, and the Ver- 
band Deutscher Elektrotechniker organized for oscilla¬ 
tion research. The group has the task of inaugurating 
and maintaining a research institute at the Technical 
High School of Berlin, to be known as the “Heinrich 
Hertz Institut fiir Schwingungsforschung” 'in honor of 
the discoverer of the electric waves. It will have as its 
head, the former president of the Telegraphenteehnis- 
chen Reichsamt, Prof. Dr. Engr. E. H. K. W. Wagner. 
At the same time President Wagner will assume the 
professorship for oscillations, just formed at the Techni¬ 
cal High School of Berlin. 
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Commercial Messages over the oceans interfere very 
little with land broadcasting now because of the passage 
of the old-style spark transmitters which once were 
scattered up and down the coasts, especially*from Bar 
Harbor, Me. down to Washington, D. C, These 
usually operated on a wave length of about 460 meters. 

Today continuous-wave, vacuum-tube transmitters 
are used almost exclusively for transoceanic and shjpr-^W^ ||f|| 
to-shore communication and' the wavelengths • -lift/-^ll 

usually between 1800 an& 2000 meters, 
commercial radio ou^i^f the zone of popular 
Usually there is a good * casting.— Elect, Z$it., T &e pt. 16. , * . 









The Chicago Regional Power System 


BY E. C. WILLIAMS' 

Member, A, I. E, 


Synopsis.-Tim paper is a general description of the inter- paper outlines important features of major stations and Iran, 
connected power system m the region surrounding and including mission and distribution systems and gives plans for the future 
Chicago as a center. • The electrical energy generated in this region developments. It also explains the cZZciZ Ill, * % 

• n lmG wa . s ° ver j>°00>000,000 kw-hr. and the combined generating energy among the three largest companies. ° t 

capacity of the three largest companies was i,340,000 kw. The ***** 
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rriHE design*of any electricity supply system should 
be coordinated with the geographical, industrial 
• and social character of the community which it 
servps. The electricity supply systems of the Chicago 
territory are in a father unusual position in this respect 
because of the potential resources, both industrial and 
commercial, of the territory served. Chicago, due 
ts its location, has been since the beginning in an 
excellent position to command an enormous growth. 
Being near the center of a great agricultural district 
with coal, ore, lime-stone and other deposits close at' 
hand, with excellent transportation facilities both by 
rail apd water, it is not surprising that it has grown 
■ from a village of 4600 people in 1840 to a city with a 
population of 2,700,000 at the time of the last official 
census and now estimated at 3,700,000. The Chicago 


follows: Commonwealth Edison Company, Public Ser¬ 
vice Company of Northern Illinois, Northern Indiana 
Public Service Company, and Illinois Power & Light 
Corporation. The combined load of the three larger 
Companies, namely, the Commonwealth Edison Com¬ 
pany, the Public Service Company of Northern Illinois 
and the Northern Indiana Public Service Company 
all of which are operated by the same interests has 
shown a growth in the last decade as shown in 
. Ffc T _ th e maximum load being below 400,000 kw. at 
the beginning of 1916 and being slightly above 1,000,000 
kw. at the peak load period in 1926. 

The stations of these three companies with their 
present capacities are shown in the following tabulation:: 

PRESENT GENERATING STATION CAPACITIES IN THE 
OHIOAGO REGION 

Common weal til Edison Company 

Crawford Avonue Station,.. 324,000 Kw. 




§ia»- 

i' TO 4-P 
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Calumet Station.*.. 

Elsk Street Station. 

Northwest Station. 

Quarry Street Station,,, 
Miscellaneous. 


187,500 

230,000 

105,000 

84,000 

06,000 


o Lxuxmxrrn era 

1916 1918 1920 1922 1924 1926 1928 1930 ° 
YEAR 


Fia. 1 —Generating Capacity and Maximum Load in the 
Chicago Region 

Regional Planning Association estimates that by 1930 
there will be a population of 4,891,600 within a radius 
of approximately 60 mi. of Chicago. 

This industrial and commercial activity has created 
a demand for electric power which has been met by 
what has beert called "the-greatest pool of power in the 
world. According to the U. S. Geological Survey 
73,791,064,000 kw-hr. of electrical energy were 
generated in 1926 by utility companies in the United 
States and 4,128,466,000 kw-hr. or 5.6 per cent were 
produced in the Chicago region. 

: The prin cipal companies serving this area are as 

; Electrical Engineer, Public Service Company of Northern 

Presented at the Regional Meeting of District No. 6, of the 
A. l. Chicago, III., Nov. 28-80,1927. 


Public Service Company of Northern Illinois 

Waislrceaa. 110,000 kw. 

Joliet... .C0,000 

Blue Island. 43,000 

Miscellaneous. 34,700 

Northern Indiana Public Service Company 

East Chicago. 26,400 kw. 

Miscellaneous.. i j . 20 426 


1,056,600 kw, 


237,790 lew* 


GRAND TOTAL. 


40,826 kw. 
1,340,175 kw. 


GENERATING CAPACITIES TO BE ADDED IN THE NEXT TWO 
YEARS 

1928 Crawford Avenue.. *,.100,000 kw. 

1928 Powerton (Partly for use of Chicago 

Ke S ion ). *,., 52,000 kw. 

1929 State Line.,200,000 1^, 

The Crawford Avenue Station with a capacity of 
324,000 kw. is at present the largest Ration in the 
region and is capable of being developed to perhaps 
three quarters of a million kilowatts provided there is a 
certainty as to the amount of conderfsing water that 
can be depended upon from the Drainage Canal. A 
view of the turbine room of this station is shown in 
Fig. 2. * 

Another large generating station is the Calumet 
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Station located on the Calumet River having a capacity 
of 187,600 kw. which is already utilizing about all 
available water in the Calumet River and has conse¬ 
quently reached its ultimate capacity. Other large 
stations in Chicago are the Northwest Station, the 
Fisk Street Station and the Quarry Street Station which 
are older stations and on account of water conditions 
and property limitations can only be increased in size 
by the replacement of present units with more efficient 
units of larger size. 

The main outlying stations are at Waukegan and 
Joliet with present capacities of 110,000 kw. and 50,000 
kw. respectively. The site at Waukegan is capable of 
development to approximately 1,000,000 kw. The 
site at Joliet is capable of similar development providing 
the condensing water available from the Drainage 
Canal is not limited as mentioned in connection with 
the Crawford Avenue Station. 

As to future generating stations which will furnish 
energy to the Chicago region two large ones are already 



Eio. 2— Turbine Room, Gbawford Avenue Station 


under construction, namely the Powerton Station 
located southwest of Peoria near Pekin on the Illinois 
River and the State Line Station on Lake Michigan at 
the Ulinois-Indiana State Line. Property has been 
acquired in Michigan City and also at a location south¬ 
west of Chicago on the Drainage Canal for the con¬ 
struction of f.uture generating stations but it has not 
been definitely announced when construction will 
begin at either of these points. The Powerton Station is 
rather unique in that it is jointly owned by four com¬ 
panies which are the Central Illinois Public Service 
Company, the Illinois Power and Light Corporation, 
the Public Service Company of Northern Illinois and the 
Commonwealth Edison Company. These companies 
have pooled their comparatively small requirements in 
the immediate vicinity and are erecting this modern 
efficient station. The first unit with a capacity of 
52,000 kw. is scheduled for completion during the sum¬ 
mer of 1928. In connection with this project a 132,000- 
volt transmission line is now being built- from Joliet 


through Oglesby and Kewanee to the Powertop Station 
for interconnection with the Chicago pool. 

With regard to the State Line Station, the tract of 
land procured is adequate and plans are being made for 
a station with an ultimate capacity of a million kilo¬ 
watts or more. This station is to be owned jointly 
by the Commonwealth Edison. Company, the Public 
Service Company of Northern Illinois, the Northern* 
Indiana Public Service Company and the Middle West 



Fig, 3— Unit No* 1, State Line Power Station 

• • 

Utilities Company. The first unit, scheduled for * 
completion in 1929, is to have a capacity of 200,000 kw. 
and will consist of three turbo generator sets each having 
a capacity of approximately one-third of the total 
arranged as shown in Fig. 3. Steam at 660 lb. pressure 
is admitted to a single high pressure turbine whieh 
exhausts into two identical low-pressure turbines each 
taking half of this exhaust steam. 

In the design of this unit, means are provided where- 



]£ Mils 

Fig. 4 — Bus and Feeder Connections, 1929 State Line 
Station 

« 

by any one of the three turbines may be taken out of 
service and the other two continued in operation thus 
overcoming the common objection from an operating 
standpoint of such a large capacity being contained in 
one unit. At present five such units of 200,000 kw. 
each are planned for this station with suitable trans¬ 
mission facilities for carrying away the energy. Con¬ 
trast with these units, the 30,000-kw. units which were 
installed at the Calumet Station as late as 1921, which 
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then the largest ever built tor this territory, shipped in units or grouj 
fclfeft- ;i: ^ ft The electrical installation also is rather unusual m wiring, taping and adj 
■g*V' that the generator bus will be completely out of doors factory where workmans 
Kfs. m and entirely enclosed by metal so that no physical ra yiRore avoi c 

i W\ \ contact can be made with any live parts. Fig. 4 shows view of this equipment. 

p>; : ; the schematic arrangement of the bus which is a double In geneial this matte 

Kg ring bus divided into three sections, one generator becoming quite senous 

fc * * supplying each section with suitable reactors and oil capacities. It would se 

p|| circuit breakers between sections. It is so laid out that 

J as future#generators are added one additional bus sec- 

tion will be placed in the ring for each additional *— UIHUC * 

i- . generator. The generator voltage and consequently THiS 

, 5 - • the bus voltage for this station is to be 22,000-volts ° *** L ™ 

||o; which is somewhat higher than ordinary practise, * 

H'; . The station is designed purely as a generating station 
and the energy will all be transmitted away in large 
’ quantities either at 33,000,66,000 or 132,000 volts. ^No 
jtne busses are provided, transformers being installed 
•p|X. - . integral with each individual line. T< 

•KsX- Another unusual electrical installation is to be found.* n | **** 

B||;; * at Waukegan in the 12,000-volt "iron-clad” switchgear I % H* - T»P1 

WmiM , used in connection with the recently installed 50,000- \$t m 

kw. (68,825 kv-a.) unit. Although equipment of this ^ 

• type has previously been used in connection with lower 1 

voltage bus work at several substations in the Public 
Plii: Service Company territory, the Waukegan installation interrupting capa < 

K isthefirst used in a generating station in this country in ^ the growth of 

connection with such a large capacity. The largest £ he requ i rem ents of the 
ifevl-Vi' switches are rated at 1,500,000 kv-a. interrupting been that the supp 

ill? capacity and 3000 ampere carrying capacity. This hften forcedto make cos 
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shipped in units or groups of units with practically all ", 
wiring, taping and adjustments completed* in the ; . 

factory where workmanship and labor costs are natu- 
rally more favorable than in the field. Fig. 5 shows a,^g| 

view of this equipment. * ' „'‘via 

In general this matter of switching equipments 
becoming quite serious especially as to interrupting 


capacities. It would seem that the development 
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Fia. 6— Transmission System in Chicago Region as Proposed ,j 
for 1928 ■ 


high interrupting capacity switch gear has not kept v|||||^ 
pace with the growth of the business and consequently 
the requirements of the supply companies. The result' 
hhs been that the supply companies have quite often;, 
been forced to make costly changes in structures as weUggft;|§ 





I Fig, 5 —InoN-CtAD SwltOHOBAB on .Generating Bxfb, 

■ ; • Waukegan Station 

: installation which is indoors completely encloses in 

all of the bus work and switching equipment and 
reduces the hazard .to operators in coming in con- 
with live parts as well as providing several other 
li»g«1mport^t advantages. This apparatus is very com- 
; thus simplifying the building requirements both 
|[^P^|||lll||^|3]^|ime of installation and at times when it is neces- 
- sary to make additions or increase capacity. It is 


■ ■ r, ft";ft-.j; • i 

r**. ■■■ ft/.; : T ; ■.■A; •ft; 7 ;;/ ■ 

• V * 


as retire comparatively new equipment due to radicalj j^^g 
changes in design on the part of the manufacturers Of ; |^ 
unsatisfactory performance of equipment. _ 

The transmission system in the Chicago region has V 
had a very interesting development. Practically 
of the stations have been interconnected. Withih'i^i 
Chicago the system has developed from one 2250-volt ft 
transmission line in 1897 to the network of 12-kv. and 
66-kv. underground cable of today. The outlyin|;|« 
stations are either connected with each other or with , : ||^ 
the'Chicago stations by means of a 132-kv. net-wohl(:'||jj|j 
with an auxiliary 38-kv, system. Fig. 6 shows t^||H 
system as it will appear in 1928. It is to be noted 
superpower interconnections have already been made 
with neighboring companies on practically all sides. 

The transmission of large blocks of power through ■ 
densely populated areas will soon require the extensive ; 
use of high-voltage imderground cables. A move ilV .g. 
this direction is to be noted in the six mi. of 132-1 ^^ 1 
underground line connecting the Northwest Station,. ;. 
in Chicago with the overhead transmission line frophy|f 
Waukegan at the city limits. This line consists of thi^Jj|| 
single-conductor, hollow-core, oil-filled cables with M Wm 
capacity, of 90,000 kv-a. and has been in satisfactoryte;^ 
operation since Jfine of this year. • . 

In this same connection there is still room for „ilrt|IfSjjf 
provement in the design of overhead transmission: jihie|| |^, m 

• * • '. 

• * • , ... . - •» A'Wftf 

» •, ft' V ^ g 
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especially in regard to mitigating the effects of lightning. 
Considerable progress in this respect however has been 
made during the last few years by the use of ground 
wires/ arc-controlling devices and the lowering of the 
plane of the conductors. The following tabulation 
summarizes the experience with ground wires in this 
territory: 

EFFECT OF GROUND WIRE ON 132-KV. OVERHEAD LINE 
INTERRUPTIONS CAUSED BY LIGHTNING 
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The company actually owning generating capacity, 
in fVio 7»n1nmn 111 OXCGSS of its allotment 


Lino 1 

Interruptions 



Length 





No. 

Location 

miles 

1924 

1926 

1926 

1927 

1. 

Waukegan—Niles Center., 

27.6 

28* 

20* 

14* 

o? 

2. 

Waukegan—Northwos t 








31.1 




1*? 

3. 

Waukegan—Kenosha. 

20.7 




0* 

4. 

Joliet—Chicago Heights.,. 

29.8 


9 

29 

It 

5 . 

Chicago Heights—108 th St 

14.4 


71 . 


61 

0 . 

108tli Street—Aetna.. 

26.7 


on 

Oft 

1ft 


TOTAL. 

150.2 

28 

36 

60 

9 


♦Equipped with arcing-rings. 

113,S mi. equippod with arcing rings. * 

JGround wire installed over circuit. 

I Ground wive installed ovor circuit on opposite side of tower. 

The improvement brought about by the use of ground 
wires is conspicuously evidenced in the case of lines No. 

1 and No. 4 where the ground wires were installed after 
some experience without them. 

I wish now to refer to the “interchange energy con¬ 
tract” betweep the Commonwealth Edison Company, 
the Public Service Company of Northern Illinois, and 
the Northern Indiana Public Service Company by 
means of which an equitable interchange of energy and 
capacity is obtained. The capacity of all three com¬ 
panies is placed in a so-called “power pool” from which 
each company may draw in order to supply its load. 
The principal purpose of the arrangement is to enable 
the entire load of the three companies to be carried by 
the most efficient generators regardless oPtheir owner¬ 
ship, leaving the less efficient to carry the peaks and to 
act as reserve. The energy is paid for by each con¬ 
suming company at various rates depending upon the 
stations from which the energy is supplied. .The 
investment charges are taken care of on a basis of 
demand and capacity illustrated by the following 
typical example. The figures given in the following 
tabulation show the generating capacity and previous 
maximum load for each company as of December 31st, 
1926, one of the monthly billing dates. The total 
generating capacity of 1,199,500 lew. is allotted to the 
three companies in the ratio of their previous individual 
maximum demands shown in the second column. 


shown in the first column, 
receives the carrying charge on this excess from the 
other two companies wKich own less-than their allot¬ 
ments. A limit of 20 per cent reserve on the total sys¬ 
tem is set up beyond which no credit is given, 

I now wish to refer briefly to studies of the trans-, 
mission network which are being made in the Chicago 
region. A plan has been adopted wherein the entire 
region including the City of Chicago hjs been divided 
into areas for distribution purposes. All the energy 
for each of these areas is to he supplied from pne 
source. This source may be a generating station or a* 
large or major distribution center receiving its supply 
over either 66,000 or 132,000-volt transmission* lines. . 
The energy is to be distributed at 33,000 or 12,000 volts 
from this main source to the various substations in the 
area for re-distribution. The substations in one area 
will not, in general, be connected to those of another , 
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Previous 

Demand at- 

■ 

Generating 

maximum 

time of 


capacity 

demand 

system max. 


12-31-26 

12-31-26 

12-16-20 

Commonwealth Edison Co. 
Public Service Co. of Nor. 

935.000 kw. 

804,300 kw. 

• 

•804,300 kw, 

Ill.;.. ... 

187,800 

139,800 

136,600 

Nor. Inch Public Service Co. 

40,700 

43,600 

40,200 

v TOTAL... 

1,199,500 kw. 

1,047.700 kw. 

1,040,100 kw. 


,"1 


■' ’ < v 't \| 


Fig. 7— Proposed 33,000-Volt Area Transmission Systems 
Public Service Company of Northern Illinois, North Part of Territory 
* «• 

area although some emergency ties may b'e needed 
which will normally be operated open. With this 
system, the relay problem will be materially simplified 
and trouble may be more easily segregated than with 
the system in use at present wherein the varioue sub¬ 
stations are connected to several sources. _ The duty on 
oil circuit breakers will also - be considerably reduced. 
Fig. 7 shows the proposed scheme applied to a part oj 
the territory of the Public Service Company of Northern 
Illinois. The high-voltage transmission lines supplying 
the major distribution centers are not shotvn. The 
groups of radiating loops from the major distribution 
centers conspicuously define the respective areas. 

Fig. 6 shows two such major distribution centers 
planned for Chicago located at Washington Park and 
Humboldt Park to be supplied at 66,000 volts and 
scheduled for completion in 1928 and 1929 respectively. 
They are in addition to those already established at the 
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Various Chicago generating stations. By 1928 the area ing them to the attention of engineers generally as thes^|ip|g 
surrounding Chicago will have several similar major problems are not peculiar to this locality but aro beingf jf|g§ 
distribution centers other than^the generating stations, encountered in similar metropolitan areas. Bwdne8ttK |^P 
the most imDortant of which will be located at Niles connected with oower developments in such regions 


the most important of which will be located at Niles connected with power developments in such regions 
Center, Bellwood, Chicago Heights, Aetna, Michigan should be on the alert to so carry on system design tha^fi|||^ 
City, Oglesby and Kewanee, . ■ future demands may be met at reasonable cost and 

• Transportation in the Chicago Region accounts for a minimum of obsolescence. ^00/j 

a considerable part of the demand for electrical energy. It may be regarded by some as highly optimistic bu 
Of the 1,040,100 kw. total system demand which iSlI 

occurred December 16th of last year nearly 360,000 kw. 
was supplied to the electric railways in and around 
Chicago. The first and only steam road in this region 

*to electrify is the Illinois Central Railroad which com¬ 
pleted the electrification of its suburban service in 
June of last year. This customer’s maximum demand 
to date has been 22,864 kw. The railroad operates its 
c^rs at 1600-volts direct current supplied by seven 
substations, five of which are owned by the Common- 

• wealth Edison Company and two by the Public Service 
Company of Northern Illinois. The conversion to 
direct current is accomplished in some cases by mercury 
arc rectifiers and in others by units of two 760-volt 

, rotar/ converters in series. Pig. 8 shows the Vollmer 
Road Substation at Flossmoor, installed by the Public 
Service Company of Northern Illinois for supplying 
this railroad and the light and power business in that 
vicinity. This particular substation was thought of 
interest inasmuch as it is located in a residential terri¬ 
tory and in order to harmonize with the developments 
in that region a building of Spanish design which 
should not detract from the general surroundings was 
erected. The first impression might be that such a 
design is expensive but if the architect is ingenious in 



Fra. 9 —Glen Ellyn Suhbtation 




'Meh Road Substation 


the use of materials this need not be so. In fact the 
2*2* Cubic of content of this particular s ^! 

Stiff A WaS prac j tlcally the 831116 a « that of another 
*££**» erec ^ at the same time following the 
ordinary type of construction. g 

dScurSrf SS" Ellyn Substation supplying 

Where EnnV th ® C J 1 . cag0 ’ Aurora & Elgin Railroad 
We harmonizing architecture was used again. 

problems tTJH * p ° int out th6 


it is not inconceivable that sometime in the future th© J 
dictates of our customers may make intolerable th© 
voltage dips and momentary interruptions due to % 
lightning discharges and emergencies, tjie elimination 
of which we are prone to regard as insurmountable. 

It is to such problems that I commend the energy of: 
the engineer for scientific study in order that the quality ? 
of service we render may continue to improve and that ^ 
our system may be competent to meet the require- ' I 
ments of the public which are rightfully becoming 
more exacting year by year. : ; ' i ?|| 

WEIGHING BY RADIO 

One of the latest applications of the radio principle 
appears in a weighing machine developed by the labora¬ 
tory staff of a large New England producer of pulp and 
paper. This unique device automatically weighs any 
material, such as paper, rubber, chewing gum and 
coated fabrics, passing through the mechanism in 
continuous web form. This is accomplished at full 
machine speed without touching the web of material 
at any point. 

The principles underlying this unusual development 
are those of the tuned radio circuit. The web of 
material passes between two parallel metal plates which 
act as a condenser in the receiving circuit.' Variations m 
the weight of the web change the capacity of the con¬ 
denser and affect the response of the circuit to a wave 
of controlled frequency. These variations are shown 
on a meter connected in the circuit and may bo used to 
operate fhachme .controls by suitable relays. The 
machine is of great service in maintaining uniformity 
m the weighing of paper and an adaptation of the device 

mav hp non/1 w— ^ _ - • 
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The Vacuum Tube Rectifier 

Oscillographic and Vacuum Tube Voltmeter Study of its 
. Application to B-Voltage Supply for Radio Receivers 

BY JOHN H. KUHLMANN 1 and JAMES P. BARTON 2 

Member, A. I. E. E. Enrolled Student 

Synopsis.—This paper covers investigations made in- under- a d-c. output delivered with the least practicable voltage drop and 
taking the design of a rectifier for-use as the B power supply for radio having no fluctuations of sufficient magnitude to interfere with the 
receivers. It determines the most satisfactory type of filler circuit proper operation of the set. A vacuum-tube peak voltmeter used to 
and the appropriate values of inductance and capacitance to give detect very s mall fluctuations is described. * 


T HE object of this investigation was to determine 
a good method of design for a vacuum-tube 
rectifier for converting alternating current into 
direct current equivalent to that obtained from a 
battery. The d-c. output should be such that it can 
be used to properly operate a radio receiving set and 
loudspeaker without introducing any interference or 
modulation from the a-c. source. The study of the 
the eliminator was prompted by the lack of engineering 
literature 3 on the subject and by the desire of the 
writers to more fully understand the proper design, the 
characteristics, and the limitation of the device. 

The study is divided into several sections. 

1. The rectifier vacuum tubes, : V 

2. Oscillographic study of the action of inductance 
and capacity, talone arid in combinations), upon the 
rectified wave form. 

3. Vacuum tube peak voltmeter study of the small 
ripple in the load current and its elimination by use of 
two section filters. 

4. Calculation of per cent voltage fluctuation. 

5. Conclusions. 

The eliminator to be investigated consists of three 
distinct units, • 

1. The rectifier proper 

2. The filter 

3. The load resistance for dividing the load voltage. 
The units which make up the general circuits under 
study are shown in Fig, 1. In Fig. 2 is shown the 
completed eliminator and its parts as used in this study. 

Section 1. The Rectifier Vacuum Tubes 
The vacuum tubes used for the rectifier were the 

1. Assistant Professor of Electrical Design, University of 
Minnesota. 

2. Minneapolis, Minnesota. 

3. Soo “Theoretical and Praotical Aspects of Low Voltage 
Reotifler Design When Employing the Three-Electrode Vacuum 
Tube” by R. D. Duncan, Jr., Radio Review, Vol.IIf, 1922, pp. 
69-71 and pp. 114-1-24. "The Production of Constant High 
Potential With Moderate Power Capaoity” by A, W. Hull, 
G. E. Review, Vol. 19,1916, pp. 173. "The Thermionic Vaouum 
Tube” by Van Der Bijl, Chapter VI? McGraw Hill, New York. 
“Alternating Current Rectification” by L. B, W. Jolley, Chapter 
X, John Wiley & Sons, New York. 

Presented at Regional Meeting of District No. S of the 
A. I. E. E., Chicago, III., Nov. 88-80,1927. 


obsolete power tubes, UV-202, being the only tubes 
available at the time. Three tubes were tested;,their 
plate current—voltage and plate current—resistance 
curves are given in Figs, 3 and 4, respectively. 

From the plate voltage—current curves in Fig. 3 it 
is seen that the tubes 1\ and T s saturate at a much lower 
current density than r L\, which was an unused tube. *. 

"Ti and T 3 had both been used as oscillators; T% used 
longer than T t . These curves show that if the rectifier 
is required to give a peak current of over 100 milli- 



Fig. 1—Circuit ’Diagram of Experimental Vacuum Tube 
Rectifier * 

♦ 

Rectifier?: 

E p = 300 volts effective from center-tapped transformers 
Ef = 3.76 volls effective from center-tapped transformer 
T\ 5* T* « U V 202 6-watt power tubes with grid connected to plate 
Filter j # * 

C\, Ca, Ca are 600-volt condensers, Several values of capacity were 
used in the experiment , 

L ] and Li are similar iron-cored tyductunces each having inductance 
of about 30 henrys for the normal d-c. oxcitafcion. Tho cores are in 
two laminated sections, each L-shapodj butt JointB are Used giving 
small variable air-gaps. Each coil contains about 0200 turns with 
an aver age re sis tan ce of 045 olun a • 

Load: 

Low-inductance, wiro-wound variable resistance units of ample current 
capacity. Resistors for final set are wound on flat strips of bakollte 
and are of fixed value. Several values of resistance were used in tlie 
experiments 

amperes, the rectified current wave will be flat topped. 

The plate current—resistance curves, (Fig. 4), were* 
obtained to show the variation of plate resistance with 
the rectified current. These curves are desiyable in 
order to match tubes and thus obtain equal amplitudes 
in both halves of the rectified wave. 

In the oscillograms, Fig. 2 b, Vi and Vi show the 
current wave forms as per 2\ and T' 2f and Vs gives the 
resulting current Ii, in the resistance load of 8000 ohms. 
The values of Vi, V 2 and Vs were taken simultaneously. 
The circuit diagram is shown in Fig, 2a. 
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The wave forms V* and Vs, Fig. 2b, show the result¬ 
ing current in the Joad and the 60-cycle e. m. f. applied 
to the rectifier, respectively. The oscillograms show 
that the rectified current is in phase with the applied 
voltage. This is to be expected, as there is practically 
no reactance in the load circuit. 

The half wave rectifier gives a load current wave form 
as shown in Fig. 2b by V i or V 2 . 

The current wave forms, instead of the voltage, 



current. The operation of the condenser may 
explained as follows: When the voltage is applied to 
rectifier, the condenser takes a charge and continu^|^^^iJ 
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Pig. 3—Plate Current— Voltage Characteristic of TnnEi?|||||^J 


U y-202 Vacuum Tubes 






-Assembled Rectifier with Pilter 




Pig. 3a- 


- Circuit Diagram of Rectifier with 
Shunted Across Load Resistance 
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aSjfio, 2 a—Circuit Diagram of Rectifier Without Filter 
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Fig. 3b—Oscillograms for Rectifier Circuit Pig- ' 3 % 

V\ is rectifier currant. Vs is condenser current, V3 is load current- 
with 2.ia a f, shunt capacity .'-3 
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Iffpyjei, 2 h—Oscillograms for Rectifier Circoit Fiq. 2a 

■ Vi and Vs nro individual tube output currents. Viand V« are load cur- 
■ rent- far full-wnvu rectifier. Vs ts BO-oycle applied Yoltafte 

were observed throughout this study because the 
f A.curreht consumed by the voltage element of the oscillo- 
|| graph is a large portion of the total rectified current and 
jAjtherefore would disturb the circuit and current con- 
iipitioiuv'to be studied. 

Section 2. Oscillographic Study of the A 
Action op Inductance and Capacity Alone and 

in Combination Upon the RECTiFiEp Wave Form 

The Effect of Capacity on the Load Current Wave Form. 

The addition of capacity across the load resistance of 
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Pig. 3c—Oscillograms for Rectifier Circuit Fia. 3 a 


Ev<E , t Vi is rectiflor current. Vi is condenser current. 

P ; ^rectifier, as in. Pig. 3A. reduces the ripple in the load with 12.13 m f. stunt capacity 


V 3 is load current 













































Fig, 4b—Oscillograms for Rectifier Circuit Fig, 3a 

Vi is condons or current, V 2 is load current with 2.13 /* f. shunt capacity, 
Vo is OO'Cyclo applied voltage 

voltage becomes equal to the increasing rectifier 
voltage. The load current pulsations are of much 
smaller amplitude for the circuit shown in Fig. 3a than 
for the circuit shown in Fig. 2a, because the condenser 
discharges through the load resistance and supplies 
the load current during the time the rectifier voltage is 
passing through zero. The condenser discharges 
through the load* resistance in accordance with the law 
for the discharge, of a condenser through a resistance; 
thatTS, * 

E 


Fig. 5c— Oscillograms for Rectifier Circuit Fig; 3a with 
One Tube 


Vi is roctiflor current, Vz is condenser current, 
with 12,13 /1 L sliunt capacity 


Va Is load current 


From the above discussion, it appears that it should 
be possible to reduce the load current ripple by increas¬ 


e. m. f. V*, is shown. The value of Ci is 2.13 micro-, 
farads. The upper waves of Vi show very well the 
dissimilar characteristics of the rectifier tubes. It is 
well to point out that in Vi the wave forms above the 
axis represent the charging currerit, and below the axis, 
the discharge current into the load. 

Removing either 2 1 * or T 2 from the circuit Fig r : 
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charging until the rectifier voltage reaches its maximum 
value. As soon as the rectifier voltage begins to de¬ 
crease, the condenser begins to discharge and in so 
doing,, builds up a voltage across the tubes which 
opposes the applied voltage. The rectifier current 
wave, therefore, takes the shape shown by Vi, Fig. 3b, 
instead of that shown by V 3 , Fig. 2 b. The condenser 
continues to discharge until the decreasing condenser 
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F4ATE CURRENT l p 


ing 'the time of discharge of the condenser. For a 
circuit such as shown in Fig. 3a, the time constant, 
T = R C 

Since the load resistance “is fixed, the time constant can 
only be increased by increasing the capacity. Fig. 8b 
shows the load current when the shunt capacity is 
2.13 microfarads and Fig. 3c shows the load current 
for a shunt capacity of 12.13 microfarads. The oscillo¬ 
grams show that the ripples in the load current are 
very much less for a shunt capacity of 12 J.3 microfarads 
than for a capacity of 2.13 microfarads. 

In Fig. 4b, the relation between the condenser current 
Vi, the load current V 2 , and the impressed 60-cycle 


Fig. 4—Plate Current—Resistance Characteristic op 
U 7-202 Vacuum Tubes 


Fig. 5b— Oscillograms for Rbotipier Circdit op Fig. 3a 

V, Is^loaU current 


Vi is rectifier current. Vi is condenser current, 
with 2,13 ft f. slum-1 capacity 
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gives a half wave rectifier. The oscillograms in Figs* 
5 b and 6c show the effect of shunt capacity across the 
load, resistance on the output current of the half wave 
rectifier, In Fig. 5b, C x is 2,13 microfarads; in Fig, 
5c, Ci is 12.13 microfarads. In both of these oscillo¬ 
grams, Vi, V 2j and Vi are taken simultaneously, with 
# rectifier output current, V 2 the condenser 

current, and V s the resulting load current. In V z the 
wave forms above the axis give the charging current, 
and below the axis, the discharge current to the load. 
Effect of Inductance on the Load Current Wave Form. 


Journal A. L.E.M 




Fra. Ga— Circuit Diagram of Rectifier with Inductance 
in Series with Load Resistance 



A r -A A A A A a ; a 


A A AAA / 


and 7« in Fig. 6b, V 4 being the output of one tube (jth&ffli 
output of the other tube being the same), V 6 the lo^lll 
current, and the impressed e. m.f. The ripple of 
y 6 is considerably smaller than that of y,, and the hookjpll 
on the wave forms of V 4 are larger, indicating a greater 
angle of lag between current and impressed e. nulJllfj 
Furthermore, the load current ripple is now practically , 
a sine wave of a frequency twice the input frequency 
of 60 cycles.' ; *igl§ 

Increasing the inductance still further has only Iplp 
very small effect on the load current ripple. Half wave 
rectification, with inductances in the load only, gives f 

slightly disturbed upper half of a sine wave. Thelll 
oscillograms for the half wave rectifier are not shown 
here. >t 'Wm 

It has been demonstrated above that the amplitude 
of the load current ripple is reduced by increasing the|§! 

ff^ 5 vt , > v < mm 

rf : »| 

ff =; ±c, % imUl ^mm 

— 3 —- 1 —-r* ''-'mm 

Fia. 8 a Circuit Diagram op Rectifier with SHM*!klf||f| 

NDUCTANCE AND CAPACITY SHUNTED ACROSS RR10TIFl|(|f||^W 

Cj " 12.13 /l/. Li + Lt - 60 henrys 


* 4 '' A bt.S', S' S' S', S' S' S' S^ Si 

mim I ....;;. t I 



Fig. 6b Oscillograms for Rectifier Circuit Rio, 6a 


ma lm,lvldual 11,1)0 0,, tPUt cun-ent. V. is load current 
* wjUi Li 7.6 henrys, v. is output current of ono tube. V, is load current 
with £,, - 30 honrys. V, is 60-cycte applied voltage 

Introducing inductance into the load circuit, as illus¬ 
trated in Fig. 6a, causes a reduction in the amplitude 
curr ^ nt Hpple and also a large drop in the effec¬ 
tive load voltage, because of the high IZ drop of the 
inductance. On the other hand, the shunt capacity as 
shovfti in Fig, 8a gives a higher effective load voltage 
than is obtained when both L and G are out of the cir- 
cuit. This effect of the condenser is obvious from the 
^discussion given above. 

In the oscillogram of Fig. 6b, y 1( y 2 and V 3 were 
taken simultaneously with L u having an inductance of 
approximately 7.6 henrys, while y, and y, show the 
individual tube output and V 3 the load current. The 
small hooks on the wave forms of Vi and V 2 show that 
the rectified current lags the impressed e. m. f. because 
of the series inductance. 

The. effect of increasing the series inductance to 
approximately 30 henrys is shown (Fig. 6a) by V t , y 6 , 


' H - !.:■ - ! h ■ ' ■*. 

Lal- Ivj ,a; •!...f •=•. * 
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Pig. 8b Oscillograms for Rectifier Circuit’ Fig, 8a 

w!M. l o 1 % reC f ifl f cui ’ reilt - Vi is condenser current. V s is load current 
capacity M CapaCity ' V ‘ Is Ioad d™nt with 12.13 ,p f. aliunl 


tinie constant of the load circuit. For the circuit shown 
m Fig. 6a, with an inductance of L x = 50 henrys and a 
= resistance of 9000 ohms, the time constant is 
0.00556 sec. The circuit in Fig. 3a with C x = 12.18' 
microfarads and a load resistance of 8000 ohms has a 
tune constant of 0.097 sec. Therefore,'’the amplitude" 
of the load current ripple should be much less for the 
circuit with shunt capacity than for-the circuifewith» 
series inductance. This is clearly shown by the oscillo- 
grams, Fs Fig. 3c, for the circuit with shunt capacity 

an S,V 6 Flg ’ 6B) for the circ uit with series inductance. 

Ibff&ct of Inductance and Capacity on the Load Current 
Wave Form. The effect of capacity shunted across the 
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load resistance and the effect of inductance in series with so damped that only two cycles are apparent. The 
the load resistance on the amplitude of the load current effect is more pronounced in V*. In the steady state, 


ripple have been shown above. By properly propor¬ 
tioning inductance and capacity, therefore, it should be 
possible to reduce the amplitude of the load current 
ripple to a negligible value. 

In oscillogram Pig. 8 b, for the circuit of Fig. 8 a, 
Vi, Vz, and V 3 were taken simultaneously, V i showing 
the current from the rectifier, V 2 the condenser current 
with 2.13 microfarad capacity, and Va the load current. 



Fig. 9a—Circuit Diagram op Rectifier 
Series inductance Li isJlO lienvys, Ci is 4,26 ju f. C? in 4.7Q n f, 



Fig. 9b — Oscillograms for Rectifier Circuit Fig. 9a 


_Vs is condenser current Ci. V 2 is condenser current C 2 . V * is load 
current. VY Is currant in series inductanco 

Increasing C\ to 12.13 microfarads gives the lqpd current 
shown by V lt which is practically a straight line. The 
per cent ripple in this load current is 1.2 per cent and 
was determined by the method explained in Section 3 
of this paper. With the oscillograph, the current shown 
by Vi appears as a straight line. It is seen, therefore, 
that the oscillograph will not show a ripple which is 
less than about 2 per cent. Since a load current with 
a ripple of 2 per cent is not satisfactory for “B” battery 
supply for radio receiving sets, further filtering and 
other means for detecting the ripple are necessary. 

Two more interesting oscillograms are shown to give 
the action of the second condenser in the filter shown in 
Fig. 9a. In the oscillogram of Fig. 9b for the circuit 
shown in Fig. 5 a,. Vi, V* and V 3 were taken simul¬ 
taneously, with Vi. the condenser current of C u Fa the 
condenser current of C 2 , and V 8 the load current; 
Vi is the inductance current and was taken separately, 
although timed nearly the same. * , 

A starting transient is observed herb, and is due to 
the charging of C*, which had no charge at the start. 
, The transient is observed to be slightly oscillatory but 


Cz draws a small current, being charged by the 120- 
cycle current ripple and discharging into the load, thus 
reducing the load ripple still further. The load current, 

V '3 Fig. 9b, shows a smooth line. 

The circuit, Fig. 10 a gives an inverted L filter. 
Oscillograms, Fig. 10b, show Vi the inductance current, * 
V 2 the condenser current, and Vi the load current, 
taken simultaneously, with C 2 equal to 2.13 microfarads. 

The wave forms V 4 , V s and V 6 show these same currents 
but with C 2 increased to 12.13 microfarads. 

Several interesting things are to be observed: First, 
the highly damped oscillatory transient due to the 
charging'of Ci; second, on account of large shunt 
capacity and a proper series inductance, the ripples in 
the load current are less pronounced. Increasing the 
capacity, C 2 , increases the transient and gives a smooth , 
load current. 

Section 3. Measurement op the Load Current . ’ 
Ripple by the Vacuum Tube Peak Voltmeter 
The output current of a vacuum tube rectifier was 
found to be a pulsating current as illustrated in Fig*2 b. 

♦- 

VfV, VfV 4 v 3 -v s 

ry** |eooouj 

Fig, 10a—Circuit Diagram of Rectifier wits Inverted L 

Filter 

Li ' = 30 Renrys, Cz = 2,13 or 12.13 n f. 



Fig. 10b — Oscillograms for Rectifier Circuit Fig, 10a 


Vi is Inductance current, Va is condenser current and Va Is load cur¬ 
rent when Ci =2,13 /if. Vi is inductance current, Vilis condenser 
current and Va is load curront when Ci = 12,13 /u f. 

It has been shown that the amplitude of the pulsations 
can be reduced by means of a filter with properly pro- 
protioned series inductances and shunt capacities. It 
was also shown that the oscillograph would not detect 
a ripple in the load current less than 2 per cent. But a 
ripple of 2 per cent in the load current of a vacuum tube 
rectifier is too large for “B” battery supply for radio 
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receiving sets; therefore, the following method for plate current meter I will no 

TZltlS mt rip ? e r? d r loped - W*wtaE™ S 

alternating S “f 7 be °° ked , Upon as a periodic ever > that it cap be neglected, 
alternating cunent of some wave form superimposed The calibration curve for thi 

upon a constant direct current. In this case of the 12. Two^Smtion curves^a 

output of a vacuum tube rectifier through a filter, the to 11 volts, and the other froi 

CUmiS practically a sine order that no grid current shall j 
ycle frequency. By measuring the two be measured should not excee< 
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Fia. 11 Circuit Digram op Vacuum Tube Voltmeter 

VET“• - 

components of the load current, the ripple may be 

expressed in per cent by 

* . Ifnao 

—r— X 100 

J dc 

fnT/ U 'i:l th !, maXimUm vaIue 0f the a ‘ c - component 

After analw' 6 C< C °T° nent ° f the rectifier ^ent. 
After analyzing several methods for measuring these 

° f , the l0ad Current ' ifc was fou nd that 

Stisfactorv T Vl VO tme ! :er WOuld P™W he the most 
satisfactory. The results obtained show that this 

method is well suited for such measurements. 

a „ „f- , s! . 1 ° ws the circuit diagram of the voltmeter 

as used for these tests. Here R L is the load resistance 

Eh the 0ad v ° Itage ’ and I L the load 
current, which contains the ripple. A d-c. potentiom- 

CaPaWe ° f a V0ltage variation from 0 to 
’ IS i a Senes Witl1 the grid-filament circuit. 
SSflSf ffi-v r 1S P ° tentiometeris: W to balance out 
the Srf d_C ’ C ° mponent and keep it from biasing 

the^gnd, (2) to measure the value of the d-c. component 

of the load voltage indicated by the meter E h . When 
th® switch S is closed, the galvanometer G is used to 
etermme if the potentiometer voltage is equal to the 
d-c. component of the load voltage. The meter I 
indicates the plate current. 

of plate current of a vacuum tube is a function 

a!d h f, ?h P d gnd T° ltage ’ this device can ho calibrated 
and used as a peak voltmeter. The meter was cali¬ 
brated by passing a known 60-cycle current through a 
known non-inductive resistance and applying the IR 

oopo t0 m 6 te ™ mal . s 1-2 of the me ter with the switch S 
f d bias ' P Jate voltage and filament 
cmrent were used. Since the voltmeter was calibrated 

'S^gg" and . us f d on 120 cycles, there is a possibility 
of a slighterror in the readings; due to the fact that the . 


’ xviirwiix'Journal A, 

plate current meter I p will not read the eO-cyclelM 
120-cycle pulses the same. The error is so slight,-hllff 
ever, that it ca$ be neglected. vSM 

The calibration curve for this meter is shown in )M 
12. Two calibration curves are shown, one from 'Mil 
to 11 volts, and the other from 10.5 to 57 volts, SM 
order that no grid current shall flow, the peak voltage tO 
be measured should not exceed the value of the grift 
biasing battery voltage, in this case, 9.1 volts. Wifclj 
the gnd at a positive potential of 15 volts, the grid 
current is negligible in comparison with the load current* 
0.05 amperes, and therefore voltages up to 25 voIts;dl| 
be measured with a high degree of accuracy and higher 
voltages can be measured with nearly the same degSl 
of accuracy.. The plate current shown by the calibulSI 
tion curves in Pig. 12 is not biased to zero. ThiiPlitf 
done so that a known zero can be maintained and any 
deviation noted and corrected. The low-range ca$I 
bration curve is a close approximation to the plate 

voltage stafc * c characteristic curve ofVf®|Sf 
UX-201A vacuum tube. 

To use the vacuum tube voltmeter, the grid, filamefiit, 
and plate battery voltages are adjusted to their proM 
calibrated values. With the complex current in $ta 
load resistance, the approximate value of E L is d^M 
mined and the potentiometer set to that value. §WM. 
switch S is closed and R p varied until the meter <? 
reads zero. Then S is opened and the reading of M J 
f. 1 , ^ be corresponding value of the a-c. component 
of the load voltage is obtained from the calibration 

. . in| 
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volts 

ig. 12-Calibration Curve for Vacuum Tube Voi.t.methji 

curve, Pig. 12. The reading of E h . gives the d o' 5 ® 
component. Prom these two values, the per cenE riiSi 
an be calculated as explained above. In order to 1 

ba‘lT I ?V the '’ 3h “- i!0 appIied 

in +L • be constant because very slight changes 
t , 6 Primary voltage will produce large variations in SI 
the voltmeter readings across the load. For these 
a constant a-c voltage was obtained 

set rift battery excita Z £"Z 
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The various filter circuits shown in Fig. 13 were 
studied with the vacuum tube voltmeter, for which 
purpose, the full wave rectifier was used with a load 
resistance of 6100 ohms. With this resistance across 
the rectifier and no filter, an r. m. s, load current of 
0.060 amperes was obtained. The load voltage E L 
obtained with the different filter circuits with constant 
input voltage is shown in the figure. The effect of 
varying the shunt capacity for each of the filter circuits 



plate circuit of the vacuum tube voltmeter, the ripple 
can be detected audibly. A ripple that, was just audible 
was found to be equal to 0.08 per cent. To check these 
results, a small portion of the load vol tage was impressed 
upon the terminals of a 1 to 6 audio-frequency trans¬ 
former and the secondary connected to the terminals 
1-2 of the vacuum tube voltmeter. With a plate 
current of one milliampere, the hum was just audible. 
This method of test was used for the circuit shown in 
Fig. 17. When using the audible method of detecting 
the ripple, it was found that the removal*of the shunt 
capacity across the load ( C 3 , Fig. 17) introduced p. 
bad circuit noise caused by high frequencies in the load 
current. It was also noted that a capacity of at least 
two microfarads should be used, at CaFig. 17, to ‘by¬ 
pass the high frequencies that tend to enter the load. 

The circuit devised for measuring thetwo components 


-mm 






Fig. 14 — El « 250 Volts, Fig. 15—El = 186 Volts 
Jl = 0.049 Milliamfere 7 l = 0.03 T Milli ampere 
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Fig. 13 —Effect of Varying Capacity in Various Types of 
Filter Circuits 
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, is also shown, in Fig. 18. The results of these tests 
show that the filters with a small per cent ripple in the 
load voltage have a high-voltage drop. By combining 
several of the types of filters shown, one with a small 
per cent ripple and a low-voltage drop can be obtained. 

One section of a Pi-type filter with the test results 
is shown in Fig. 14, and a single section of a T-type 
filter with test results is shown in Fig. 16. The Pi-type 
filler gives a current with a smaller ripple and also has 
a lower voltage drop than the T-type filter. The T 
filter can he improved by adding a capacity C 2 across the 
load as shown in Fig. 16. The results of the test show 
that the per cent ripple has been reduced to a negligible 
value, but that the voltage drop in the filter remains 
unchanged. By adding a third capacity C„ as shown 
in Fig. 17, the desired results are obtained; that is, the 
ripple is reduced to a value that*cannot he detected by 
the voltmeter and the voltage drop is* the same as for 
the Pi-filter shown in Fig. 14. 

By inserting a.pair of high-resistance receivers in the 


Fig. 16—Bl ~ 186 Volts Fio. 17—.El *= 250 Volts 
7l =* 0.037 Milliampere T l =* 0.049 Milliampere 
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Figs. 14, 15,16 and 17— Filter Circuits which werb Tested 

TIig amount or ripple and the load voltage for different condenser values 
are shown herewith. In all cages Li and U equal 30 Honrys each and 
ilL equals 6100 ohms 


of the load current by means of the vacuum tube volt¬ 
meter is believed to be a new application for this type 
of instrument. 


Section 4. Calculations of Per Cent Voltage 
Fluctuation sr 

The 'percentage voltage fluctuation in the load resis¬ 
tance may be calculated by the formulas given by 
H.^T. Van Der Bijl in his book above mentioned.’ For 
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follow 6 ° f filt ! r sh0Wn in Fig ' 8A ' the formula is as 
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of measuring .the percentage fluctuation gave 0.20 
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Section 5. Conclusions vi lfill 

In order that the voltage drop in the filter drJItt 
should not be too high, the series inductance should fl jppfr 
be larger than required to produce a current witht®^ 1 
npples. For the filter circuits discussed above S 
mductance to the working load current should not W 
less than 25 henrys. The resistance of each induetflSPi 
should preferably be kept low,-not greater than S 
ohms. To further reduce the voltage drop a 

t nf 1 /Non _ . . v 


8 ^ ara<: ^’ L - Li + Lt = GO henrys, 

? L i ~, 8 J ?°° 0hms and " “ 2 v X 120 - 754. The 
calculations give a percentage voltage fluctuation of 

of alter show ” in «*• «*, «* following ot “Ot loss should'^tl! 

provide a ,ow in,pe<in " CT ‘Mil 

tw^l%u reCtifi + ed CUrr “ t with negligible rippill 

wo Pi-type filter sections will generally be the mrudfe 
nnun number required if shunt capacities equal to. II 
larger than, four microfarads are used. A amidt* 
P.-type filter section can be used to give a L 
approximately 0.10 per cent if both condensers haJ Jilt 
capacity of six microfarads, or larger, and if the miSM 
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machinery tnlhe unstable as well as in the stable range is described 11^“^ £"* <0 60 synchronous condensers iLuS 

The results of tests performed on two machines is shown and die- ° ^ - * 
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be tolerated ” *" e#w ' en< un ^rloading of mils will ham I# 


Introduction 

recent years the*loads on power systems were 
with a predominately lagging current. While 
* tde regu ' atl0n of the generators was sometimes 
quite poor nevertheless the operation showed high 
th* %£ the field rheostats were adequate to control 
e* voltage without loss of synchronism. Perhaps 
because of th>s fact, and perhaps for other reasons 
textbooks have shown practically no diagrams or full- 
. load saturation curves for leading power factors. The 

tfon of 61 Ql ? tam the impassion that the solu- 
tion of the problem of regulation for such power factors 
would •be carried out without difficulty, but when one 
attempts to carry out the solution, one meets with 
several obstructions of a theoretical nature. 

i- , ate y !f rs the volta S e and length of transmission 
lines have been increasing and the number of inter- 

LtnL°^fr; tt9U tr ty 'Wisconsin. 
Rented at the Regional Meeting of District No. 6 of the 
A ' J ' E<,Qhicago 111 , M 0 v. 28-80* 1927. J 


SSbS h£ WiB * °T***>r tte leadta# 
“ d “ b «™mine Wife an item. At the name 
th ‘ due . to attempts to improve customer power factor 1 

Z^TY nn ' ent l0ad has shown a tendency 5 

have been nnU C0 ] nseq J ience ' some curious phenomena 
nave been noticed and reported: 1. A very unstable I 

te* carried 1 bv^too^f when . fche line char ging currenUl 
is earned by too few units. 2. Inadeauate flalff i 

combStion S of n T t0 keGP , the V ° Itage down - 8 - Th«| 

excitin? thatk m6S and generator becoming self- ■* 
the macbffif IS ' a ^ sonance be ^en the inductance of y 

voltage with flic ® ca Pa cit y °f the line, giving high 
age with the field circuit open. 4. Generators ® 

remaining in step with small reverse field exita • 

-taf* a pole when therev^K 
excitation is increased, and before the voltage is broutrh i 

the™ ? ari JT thiS ^ s “"e» p£ : 
considerably above mT™ V0,ta8e *" rl8 ° 10 ; 

The difficulties met in attempting to apply *hft**7 
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A. I. E. E. rule for leading current loads is well illus¬ 
trated in Fig. 1. The curve 0 X is the no-load satura¬ 
tion curve; FT is the full-load zero power factor 
lagging saturation curve, and F Z, the full-load unity 
power factor saturation curve. The zero leading 
power factor full-load saturation curve is shown by 
the line AB CD, or the line A B C E. The segment 
A B is as much above the no-load saturation curve as 
the line F Y is below it, as required by the A. I. E. E. 
rule. For saturations below this point, one is in doubt 
as to just how to proceed,but if it be assumed that the 



Fig. 1—Illustrating Difficulties in Estimating Zero 
Power Factor Leading Saturation Curves 


synchronous impedance is a constant, the segment 
B C would be drawn parallel to the line 0 X. For 
voltages below. 0 C we meet another difficulty. If we 
continue the line toward the point D, we have a charac¬ 
teristic which, unlike the lagging characteristics, does 
not pass through the point F. If we reverse the seg¬ 
ment C D, we are unable to account for the operation 
with reversed field currents and we must imagine a 
sudden 180-deg. shift of phase at the point C, 

With the peculiar behavior of synchronous machinery 
reported and the obvious defects in the more usual 
theory before us, we determined to make some tests 
with leading current conditions and if possible, try to 
extend them into the region of unstable operation. 

Preliminary Tests 

Our first tests were of a qualitative character. We 
sought to verify for ourselves just what took place when 
a generator lost control of its load. We connected an 
a-c. generator to a synchronous motor load, but did 
not take power from the motor. We overexcited the 
motor, loading the generator with leading current of 
low power factor. We included a field ammeter, 
armature ammeter and voltmeter in the generator 
circuits. We attached a G. E. slip meter to the syn¬ 
chronous motor sjiaft, which we excited from the same 
60-cycle supply that furnished power to the synchronous 
motor which drove the generator being tested. The 
amount of leading current was held roughly ^constant 
and varied the generator field current and generator 
voltage. The characteristic A B C E in Fig, 1 was 
obtained. At the point E there was a surge of voltage 
and current, the generator forged ahead one pole or 


the motor slipped a pole as indicated by the slip-meter 
differential turning 90 electrical deg. The voltage 
after the surge corresponded to the point G. 

This experiment was considered to prove, in a 
general way, the results previously reported, and to 
indicate that further tests were worth while. 

• 

Tests of-Generator Characteristics by a Pump 
Back Method 

First of all it was determined to employ an opposition 
method of testing, in order to obtain, if possible, 
characteristics of the unstable condition of operatfon. # 
This procedure was successfully used by one of t the 
authors in testing synchronous motors in their unstable 
range, and reported on in the A. I. E. E. Journal, 
Jan. 1926; p. 11, It was found that the connections 
in Fig. 2 were suitable. The generator (1) was directly 
connected to an identical machine (2) with a movable 
stator controlled by the hand wheel (3). These * 
“machines were 15-kv-a. 1200 rev. per min. machines 
rated at 220 volts with a Y-connection. Machine (2) 
absorbed the power generated by (1). The losses were 
sometimes supplied by a d-c. motor belted to the set, , 
and sometimes, from the connection shown to the 
60-cycle line. The amount and phase of the current 
output of the generator could be controlled by the 
hand wheel (3) and rheostats (4) and (6). 

The output of the generator was measured by a 
polyphase wattmeter; sometimes by the three-watt¬ 
meter method, using the neutral point on one machine. 
The line current and voltage were measured with the 
aid of a polyphase board. The phase angle of the 
terminal voltage with respect to the pole axis was^ 



Fig, 2—Connections for Determining Complete 
Excitation Characteristics of Ai/ter-nator 

measured with the contactor (6). This contactor was. 
the usual point-by-point wave form apparatus, and was 
connected in series with one phase of the generator and 
a d-c. voltmeter, which was shunted by a condenser. 
The movable arm carrying the contacts could be turned 
about and their position noted on a degree scale, They 
were turned at all times so that the voltmeter gave a 
zero reading. The shift of the contacts from no load 
to the point under observation indicated the amount 
that the pole axis shifted with respect to the terminal 
voltage. This use of*J]\e contactor was ■developed by 
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at E MZrtivX Earle ^ When 

caculated by maintaining a difference in the excitation 
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shown with reversed current in the field, also thati«HH 
agging and the leading characteristics join 
common point F, and that the shift of 180 deg. is onlPlSlSf 
gradually accomplished in the mutable IfiMl 

phase shift from 30 deg. to about 160 deg. occurs 
practically constant voltage. These “nose” she 
generator characteristics are believed to be novel. 

Since a transmission line connected to a generate*- ill 
no-load represents a zero leading power factor Ioad-^wp* 
constant ratio of amperes to volts, it was thought ii 8 i» 
e o interest to take a series of cross curves from Fig, pllilll 
representing constant equivalent single-phase "Sipttgtl 
ceptances” of values from 0.00 to 0.2 in steps of 0.02 . I 
ampmes per voft. These cross curves are plotted in>4pil| 
I^g. 6 . It will be seen that with a charging susceptance H 
of large value, the characteristics are quite steep ah|MM 
m some cases practically vertical. Under these 
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GHAriACTEKlaTICa 0F Alternator 

• 

between the two machines. Runs were taken for 
armature currents of 60, 60, 40, 30, 20, and 10 amperes. 
Voltage, field current and phase shift were recorded for 
each run. Owing to the fact that when the generator 
e d was large, the motor field was small, and vice versa. 
the voltage seldom exceeded 270 volts. For the higher 
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Fig. 6—Excitation Characteristics op Alternator at N-i'lll 
Load and Various Line Capacities ' :.>§f||| 

ditions. voltage control is difficult. If it is not f<wribi»agg| 
<n i tv. ib " v X [ J *? se s y nc ^ ronous condensers on such a line and under-* 

1 -Tt at light ** «>«> a wm bo taZISo :;s * 

shut down too many units at light load. Of course if a 
considerable improvement in generator design is made, .HL. 

this conclusion may.be modified. 

second seiies of tests was made at a current of 
crniv^f eieSJ p I acti -P any full ' load rated current. For 

isss 

Armature Currents and Various Angles op Pole Slip ’ , ’ factor Was van ed from zero lagging to 

zero leading by a proper variation.of thu bm 


constant terminal voltage. In each''•'9§Sf 
. * - - -actor was varied from zero lagging to t * m " m 

t rhpnJ e ? dra i by a i Pr ° per variatio ^°f the two field ,«»n 

voltages, therefore, the set was synchronized with the w" Ji ^ 6 ach T Un the termin ^ voltage, power- MR 

a-c. line. Thedata were in such fonn that it could be againstth/fiS dlSplac f iea f of the ^tor was plotted #g|lj 
directly plotted m Figs. 3 and 4. Fig. 3 shows the from Li fS T®?* Cr ° SS CUrves were teken "itt 
voltage characteristics for zero power factor, Fig 4 n u„ w n* e , f ° constant Power factors and constant 

shows also the phase displacements in the unstable 90 nertcnM 61 ”* 1118 of !’ ator ‘ Curves for 0, 70, and - 11118 
range. * P er cent lagging, and for 100 , 90, 70, 60 20 and M 

It is to be observed i%t stabjp operating condition is for lO^ot SO^O 8 60^ . Curv ^ 

, • . • ''' w> bU » b0 - and 90 deg. phase displace- 
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ment were taken. AH these curves are plotted in Pig. 6. 

It is to be observed that all the full-load saturation 
curves pass through one common point F; also that for 
power'factors of less than 20 per cent leading current, 
it is possible to obtain stable operation with reversed 
field current. The line E S F passes through all the 
points where the curves are vertical and may be taken 
as the limit of stable operation. Below and to the left 
of this line, generator operation is unstable; that is, it 
will forge ahead a pole if it is free to do so. The phase 
displacements of the pole axis from the terminal 
voltage are small in the stable operating range and are 
considerably less at high saturations. 

The hope for improved design and increased stability 
consists of being able to extend the nose of these curves 
toward the region of reversed field currents, and to 
lower the lower edge of this nose at the place where it 
intersects the Y-axis. Attention will be called in a 
later paragraph to the constant of the machine, which' 
requires improvement. 
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run was taken at a constant field current of the 
alternator tested. 

For each point of data, the field rheostat of the d-c. 
motor was weakened until the generator slipped poles. 
This pole slipping was easily identified by the current 
and voltage surge which took place! Some practise 
was required, however, to secure readings at the point, 
just before the pole slipping took place. It was ob- 



Fia. 7 —Connections for Determining Point of Pole 

Slipping in an Alternator • 

served that with reversed field current on the generator, 
only a small load could be earned without pole slipping 
taking place. Under these conditions, the generator , 
slipped only one pole and regained synahronism. When, 
the fields were excited in the normal manner, a consider¬ 
ably greater load could be carried without pole slipping; 
but when the critical load was exceeded, the generator 
fell out of step completely and continued to slip 
poles. 

Readings of generator voltage and watts were taken 
for the slipping point and plotted against the armature 


Fid, 6 —Full-Load Saturation Curves by Test Loci 
of Constant Power Factor and Pole Slip Angle. Locus 
ESF of Stability Limit 

Tests of Generator Stability with , 
Direct Loading 

In the endeavor to determine the locus of stable 
operation, such as E S F in Fig. 6, by direct loading and 
actual observation of pole slipping, we took a 6-kv-a., 
1800-rev. per min. 220-volts, three-phase Northwestern 
machine and connected it according to the diagram in 
Fig. 7. In this figure (1) is the alternator to be tested, 
driven through a belt by the d-c. shunt motor (2). 
The alternator .delivered its power to synchronous 
motor (3), and this, in turn, to the alternator (4) and 
the a-c. line. P’y controlling the rheostat (5) in the 
field of the d-c. shunt motor the amount of power 
circulated could be controlled.. The amount of leading 
current taken from the alternator ceuld be Controlled 
by the field rheostat (6) of the synchronous motor. 
The field of the alternator (1) was controlled by revers¬ 
ing switch (7) and rheostat (8). For convenience each 
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FIELD CURRENT • 

Fig. 8—Stability Limitq^of Vqltagu and Power in an 

Alternator for Various Current Loads 

« 

currents, for six runs, during which the alternator field 
currents were respectively 2, 1.6,1,0, 0.5, 0, and—0.5 
amperes. Cross curves were taken from these^ for 
a^ature currents of 2, 1.6, 1, 0.75, and 0.50 times 
rated current, The cross curves thus obtained are 
shown in Fig. 8. 

The curves shown agree inform fairly*well with the 
* * 
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■ mm 


, i - i ^ f 111 P be v °ltage of the generator is 

too high at conditions of large leading current. The 
chief conclusions to be drawn from these curves are 
as follows: (1) The criterion* of stability assumed,— 
namely, a vertical volt field-current characteristic,— 
is borne out. (2) Generator operation is unstable 
' f , a v ° ltage whlch varies in proportion to the current 
load on the machine. (3) To operate at normal volt¬ 
age in a stable manner, the leading current load must 
be kept down to a certain fraction of the rating con- 
eeted to the line. It is to be hoped that improved 
generator design will increase that fraction. 
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Blondbi,. Tto BBACTior^iIaRl, 0 ™™ ° 0M !, DTB1> BY 
Power Factor and Pole Slip Angle ° F GoN8TANT 

• Predetermination op Generator Characteristics 
with Leading Current 

A - L E - E - Journal for February 1927 
f (P* *^) > one of the authors proposed a rnptWi f * 

and novel shape of the curves in Fig, 6, an agreement 
would g,ye a satisfactory confirmation of thl Sry 
The constants of the machine tested in this naoT £ 


S theoretical studies of synchronous machines shouiB^J:' : j 
e be based on some form of the Blondel two-reactio||p®| 

I • , The *?*? * the " n ose” of the curves and the 

3 22* « 11086 ° n the Y - axis seems to depeniil»Ii 

; clnefly «p°n the constant of transverse reaction. 'ill|fj§f 
Conclusions " 

: noLV hl f rep01 u Va ?°V S remarks have been made to^MP 
• Po nt out results of significance. The most gener|^^fc 

Si f°*w b ° draWn is this; By a eduction of thell««i 
value of the transverse reaction with improved design', H Mfl : 

theie is a hope for machines of greater stability SpHR 

consequent improved behavior under conditions 

low leading power factor. |J§ |g I#; 

The problem of stability is likely to become morlMMH 
acute as the voltages, lengths of transmission 

so tbit" S .. n ; ul f be1 ' system interconnections increase, 

hydroelectric development in Iji 

The necessity of importing all its fuel has been the ; :^^Pl 
ba ™bcap to the industrial development of 
Palestine, and the principal factor in the future eco-"llllllll# 
nomic progress of the country is the Rujtenberg project • 
for hydroelectric development. ^ g P ° J WHKft 

of T! 16 p? e ! lbei ^ plan> which has tll e official sanctioiill^^tt 
of the Palestine Government in the form of a can^-'WNM§.- 

Ttd )° r Tel r S P T S t . Palestine Electl ’ic Corporation 3MV 
tbp d io J 'i ’ Pa 'estine, calls for the harnessing - 

the Jordan River at intervals from its source to 

FT* W n re 1 ‘ empties int0 th e Dead Sea, in addition Ipf/.J 
to the utilization of the waters nf -n ? 


^ . , 7 . ~ w uuiu ils source to % 

imint where it empties into the Dead Sea, in addition " 
to the utihmtion of the waters of the Yarmuk River 

at ItrrrLc^ 6 first dam ^ be constructed ;I|||Aii 
La • Pn m w here the Jordan River leaves Lake Ti- 
erias (the Sea of Galilee) with a power house at the i : Mpjif| 

f “ badleL Bel .f een toese two points there is a 1 HMSm 
tall-of 40 meters in 8 miles. \ 

The promoters assert that by using the Lake of Ti- 

n f u ;' aI 7 s 7 0ir toe neighboring country 
will be insured of a steady supply of water throughout IM 
year, whereas at present this section usually suffers f 

fr °Hi ff h'; a f hte 7 Ty e ai ; durin ® toe dry season. ■ . " lIHil l 
High-tension lines of 66,000 volts will run from the 
ffist power house to transforming stations located at I 
the mam centers of consumption, where the nmwr mill 
be redistributed over lines carrying 16,000 volts for the 
country districts and 6000 volts tnr 4a w— tC^mUm 




m. cuiuciLure, uirect i /o . , volts for th« 

ohm per phase of Y , tra„ a ve rae ,-eact J,ce °T? y ? atncts . and 6000 ™to for the towns. 

i« as shown in Fig. 3* Z Satnrata tet stage of the development fs cZSed a srnX of 

With the constants in the above panmoh the Ivi!!! 0 ’ 0 /?/ Io " att " hol " s of energy Per year will be pro- 
characteristics shown in Fig. 9 were comnutS Tb! d d d ? at ^ nsum P tlon , according to the present 
should be compared with Fig. 6. We consider tvf Wl11 be 20,000,000 kilowatt-hours a year, 

agreement is very good, and* believe tbT f L w ^ lcb ^11 leave a considerably surplus for new indus 

, / s • ’ a^ believe that further trial entejprises.-Commerce Reports ' ' new ,naus - 
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Influence of Internal Vacua and Ionization 

on the Life of Paper Insulated High-Tension Gables 

BY ALEXANDER SMOUROFF 1 and LEO MASHKILEISON* 

Follow, A. I. E, E, Assoclato, A. L E, K, 

Synopsis—At the end of the year 1926 the High-Voltage 2, Residual deformations , occurring when the cable is put on a 
Laboratory of the Electrotechnical Institute in Leningrad undertook reel and taken off it afterwards. 

an experimental research in order to study the influence of internal 8. Changes in chemical structure in the impregnating compound 
vacua and ionization on the life duration of paper insulated high - under the influence of ionized air, which produce a decrease of 
voltage cables , as well as to dear up the conditions under which such volume of the compound. » 

vacua may occur. The aim of the research was to clear up tl& part of the above 

W* A. Del Mar 3 drew attention to the importance of internal mentioned causes in the formation of internal vacua, then to deter- 
vacua in high-voltage cables and pointed out the three probable mine the values of those vacua and the decrease of life duration. 
causes of their appearance, namely: °f the cable under the influence of the latter. , ( 

1. Temperature changes after installation of the cable , which pro- The research is not yet finished and only its preliminary results 

ducc a change of volume of air and oil in the cable in view of tliedif- are reported on these pages . 
fcrenl thermal expansion coefficient of lead and insulation of the cable. * * * * 


Object of Investigation 
S an object of investigation a higli-voltage cable,, 
was taken, the design of which is Reproduced in 
Fig. 1. 

The cable consists of three cores,. each having a 
thickness of insulation of 10 mm, (25/64 in.) and each 
covered with a lead sheath. The three cores are wound 
together into a three-phase cable and are protected by a 



Pig. 1—Cross-Section of 35-Kv. Cable Used in Tebt& 

» 

a. Outer copper conductor 

b. Inner conductor for Lypro cable protection 

c. Lead slioath 

d. Paper insulation 

o. Double steol ribbon armor 

double steel ribbon armor. The working pressure of 
the cable is 35 lev. with grounded neutral and the work¬ 
ing pressure for each phase is 20.2 kv. The conductor 
of each phase is split into two concentric stranded 

1. Professor at the Electrotechnical Institute of Leningrad. 

2. Electrioal Engineer and Teacher at the High-Voltage 
Laboratory of thS Electrotechnical Institute in Lenigrad. 

3. William A. Del Mar, The Effect of Internal Vacua Upon 

the Operation of High-Voltage Cables. A. I. E. 'E.^Thans. 45, 

1926, p. 572. . 

Presented at the Winter Convention of the A. I. E. E., 
New York, N. Y., February 13-17,1928. 


conductors. The inner conductor serves for cable 
protection by the Lypro system. ’ • 

The tests were made with single conductors of the 
cable having a length of 10 m. and with grounded lead 
sheath. , 

Conditions op Tests * 

During the performance of tests chief attention was 
drawn: (1) to the control of internal vacua, (2) to the 
electric field design on the end of cables under tests, 
and (3) to the elimination of the cable end influence 
during loss measurements. 

The ways of propagation of air in the cabhj were 
studied in order to work out the best method of control 
of the internal vacuum in the cable. For this purpose 
different methods of pumping* the air out of the cable 
and of the manometer connections were tried, These 
tests showed that the propagation of air in the cable 
takes place chiefly along the stranded core in the inner 
part of it and immediately on its surface. 

The insulation of the cable presents in most eases a 
medium quite impenetrable for air. Air can be con¬ 
centrated in single bubbles between the insulation and 
the lead sheath, but it cannot propagate'along the 
cable. In view of these facts the pumping out of the 
cable of air was made from one of its ends and the inter- , «. 

nal vacuum was controlled by two manometers con- • 
nected with both ends of the cable. • ■ . 

In most cases the same pressure on both manometers « 
connected with both ends'of the cable was established 
during a few seconds. But in certain special cases 
obstacles were found in cables which prevented the , 
longitudinal propagation of air. t 

As previously mentioned, the insulation of cables 
presents a medium quite impermeable for air. But in 
certain cases air may be propagated from the conducting 
core to the lead sheath by bifurcated paths between the 
sheets of p aper strand s of the insul ation. This explains 
the leakage of air through the insulation of the cables' 
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ends, for the performance of tests necessitated the 
taking off of the legd sheath on the ends of the cable on 
a length of 1 m. In some cases the leakage was so 
considerable as to make difficult the maintenance of a 
constant vacuum in the cable. The control of the 
electric field on the ends of the cable was accomplished 




Fig. 2 — Cross-Section or Cable Terminal 


a. Hemp packing 

b. Transformer oil 

c. Porcelain bushing 

d. Stuffing box 



Fia* 3 —Cable Terminal 


ISo^ <l phiX 0 h% h r tica “ y shown h 

«<• «»«rad«rtS^.phte' l< Th^OT, daild i itSs " Ia “ 

metallic, p ’ ihe lower electrode is 

* a jaSaln 3 ^^onner oil, 

oustung, and d, a atuffi ng -bo X . The test 


voltage is about 130 lev. This design of the cable J 

insulator provides quite a satisfactory form of 

electric field on the ends of the cable, so that 

breakdown of the cable during the tests occurred alwaya||i||fi|| 

somewhere in the middle of the cable, but not on 

ends. If the curvature of the stuffing-box were nuidjii MB M 

not along the arc of a circle, but along another 

suitable curve, the spark-over voltage of such a cabliiljl SIi ji 

end insulator could be noticeably increased withoutJli^^^S 

increase of its dimensions. . 

The elimination of the influence of cable ends on the : flilifif 
measurement of losses in the cable was performed In 
the following way. At a certain distance .from thei|||i||iii| 
ends of the cable two circular grooves 2 mm. wide were 
cut whereby the [lead sheath was divided into three 
parts. The middle part was connected to Shoring*)! llp||pj 










Fig. 4— Cable Reauy yoii Teat 


bridge for measuring the loss and the two outer part# 
were grounded and formed guard rings, 

After the sample of the cable was prepared for the 

r hune °” two ■«£■* : 

The test voltage was derived from three Koch &■ 

Stedtramform™ 0.6/125 fo,., which could bo con * 4 

nected in series. The voltage control was effected " 

«cit„T:r» ,ator mad8 by the 8nme; 

a*? ssrss z 

500 volts, a sinusoidal curve was ohfnirw? .7v from 
transformer only for voltages above- 4 ) kv ^Tf 
potential regulator was fed at 11 n v*n -T* ‘ 
curve proved to be 4,.. • 1 , vo ^ s > voltage /: 

voltages under 50 kv., the potentS 0 ’ T 1 h ® rofor0 * for 
at 110 volts and three f / 6gUlator was fed 

put in series. For voltages above^O^^lK™ 61,8 Wefe 
regulator was fed at SOO^olts anri 6 ° J”’* the Potential 
age transformer was used ^ ° nly ° ne W * h *™lt- ; , 


mj 
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In all these cases, the voltage curve was of a good tive resistance can be calculated as follows: 
sinusoidal form, as indicated by oscillograms. J 2 R 0 ~ R 0 

Dielectric loss measurement was made by means of a Thig loss must equa j t h e difference of losses measured 
Scheming bridge. The air standard condenser was of a j n £] ie ^ w0 cases mentioned above. Agreement be-, 
flat type with three plates, the middle of which was £ ween the results of measurement, and calculation 
connected to the high-voltage winding of the trans- indicates normal operation of the bridge. Such a proof 
former. The working surface of the plates (without of the bridge was made several times and always* 

presented quite satisfactory results. 





Fig. 5—Variation of Cable Life with Pressure and 
Vacuum at 60 Kv. 

guard rings) was equal to 17,840 cm. 2 The distance 
between the plates could be changed in such a way 
that even for very low voltages, about 3 kv. the power 


Ijowt* 
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Fio, 6— Variation of CariiB Life with Vacuum at 50 Kv. 

♦ 

factor could be accurately measured to three significant 
figures. 

To clear up probable errors in the measurement of 
losses, phase displacements in.the resistors weremeasured 
by means of acompensationmethod. Thiswasalso done 
with the parasitical capacities (capacity of the connecting 
conductor of the bridge and the capacity of the non- 
inductive resistances). These measurements showed 
that the largest probable error does not exceed a few 
seconds of phase'displacement. 

During the loss measurements the bridge was con¬ 
trolled in the following manner. After a measurement 
of the loss angle in the cable, a known norf-ihductive 
resistance R 0 was put in series with the latter and the 
loss angle was again determined. For a voltage E 
and a capacity C of the cable the loss in the non-induc- 


Lipe Duration op Cable in Function of‘Internal 
Vacua 

For the determination of the life duration of* the 
cable in function of internal vacua, different vacua* 



Fig. 7— Variation of Cable Life with Vacuum at 42.6 Kv. 

• 

were created in the interior of the cable and the latter 
was put under different voltages. During each test the 
vacuum and the voltage were held constant and the 
lapse of time was noticed, until breakdown of the cable 
occurred. As it was impossible to close the ends of the 
cable hermetically, as already pointed out, it proved 

t • • 



Hours • 

Pig, 8—Variation of Cabeb Life with Voltages at 

Different, Vacua • 

, 9 

a. 100,mm. vacuum 

b. 200 nun. vacuum 

c. 300 min. vacuum * 

necessary to renew the vacuum periodically. This • 
was done without taking off the voltage. «The per¬ 
mitted variations of the vacuum were ±.6 mm. baro¬ 
metric pressure. But in several cases, when the leak¬ 
age of air through the cable insulation was small, after 
the voltage was put on the cable, an increase and not a 
decrease of the vacuum was observed. This can 
probably be explained by chemical changes occurring 

in the impregnating'compound under the influence of 

♦ • • » 
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ionized air and accompanied by a volume decrease of 
the compound, as suggested by item 3 of the synopsis. 

□The chief results of tests of life duration of the cable 
under different vacua and voltages are given in Table 
.. 5, 6, and 7 are drawn curves giving the 

life duration of the cable under different voltages in 
function of vacua, and the curves in Fig. 8 give the 
life duration under different vacua in function of the 
impressed voltage. 



Voltage, kv. 
across 
1 cm. of 
dielectric 


GCi 

60 

60 

GO 

00 


60 

50 

60 


42.6 

42.6 

42.6 


« _.TABLE I 

Vacua in mm, 
of mercury 
column (under 
the atmospheric 
prossuro) 


0 

100 

200 

300 


100 

200 

300 


100 

200 

300 


Pressure in mm. 
of mercury 
column (over 
the atmospheric 
pressure) 


250 

0 


Life 

duration 
in hours 
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Dielectric Losses in the Insulation of the Cable? 
in Function of the Internal Vacua 

in the Latter ’ . 

, In order to make a more complete analysis of the ^W 1 ^ 
influence of vacua on life duration of the cable and tollSlt 
clear up the phenomenon of an optimum vacuum,'iSlllI 
measurements of loss angles were made at different: 
voltages and for different vacua and pressures in the@lllll 
interior of the cable. The results of these measurements -I; 
are given in curves of Figs. 12 and 13 which show the i® I 
losses as functions of internal vacua and pressures. :ltS# 

'3BMI 


10.5 

5 

5.2 

4 

2 


13 

21 

11 


30 

57.7 

41 



The character of the places of breakdown of' the 
cable is shown on Figs. 9,10 and 11. 

•The study of curves on Figs. 5-8 shows the surprising 


WO 700 IOO 
Pressure (mm.) 


fOO 200 300 

Vacuum (mm.) 



Fig. 


12—Relation Between Power Factor and Internal 
Pressure 


Wmm 



The vacua are drawn in the positive direction of the 
axis of abscissas and the pressures in the negative 
direction. . a; 

, ^ anc * ^ are drawn curves showing losses 

tor different voltages as functions of different vacua 
P iessuies - These losses are expressed as tangents 
ot the imperfection angle 5 of the dielectric. These are 
approximately equal to the cosines of the angle of 
lead for ordinary cable dielectrics such as those under 
consideration. 

As we ma^y see, with increase of voltage, i g 8 in* 


Fios; 9, 10, 11—Breakdown Points of- Cable 


fact that to each voltage corresponds a certain most 
advantageous vacuum, at which the life duration of a 
cable „becomes a maximum, which is very sharplv 
pronounced at voltages of 50 and 42.6 kv. and less 
sharply at a voltage of 6Q kv. To check this fact, 
duplicate cables were tested and the results obtained 
showed a satisfactory agreement with the statement 
mentioned above. This would suggest the idea that 
this cannot be explained by lack of uniformity of the 
cable samples. 

RW f ?S Qn A thi8 lt may be seen from the ^rves on 
5 ‘ 8 * iat /he vacuum for which the life duration 

Volta L Cab w-if S - ltS greatest value depends upon the 
voltage. With increase of voltage the maximum 

becomes smoother and is displaced in the direction of 

lower V3CU3) 
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Pressure 

creases, reaches a maximum value, and then decreases. 
The maximum of tg8 is reached at a flower voltage as 
the internal vacuum becomes greater." The variation 
of the value of t g 8 is least in proximity to the maximum. 

An explanation of the decrease of power factor with 
increase of voltage was given by C. L. Dawes and 
F. L. Hoover. 4 With an increase of voltage after all 
the air m the cable has been ionized; the potential 
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gradient in this air does not depend upon the voltage 
but equals the breakdown gradient of air. Hence it 
follows that the loss in air at any further increase of 
voltage will remain constant and the total loss in the 
cable will increase more slowly than in proportion to 
the square of voltage, i. e.,tg 8 will decrease. 

Assuming the loss angle of the dielectric proper 
(i. e„ without air) to have a constant value and neglect- 



KHovolH 

Fig. 14—Relation Between Power, Factor and Internal 

Pressure 

I, Pressure 400 mm. over atmosphoro 

II, Atnospliorolc pressure 

III, Vacuum 300 mm. 


- E 2 ) 0?8o-Mi)+*gSi]=E 2 co C t g 5 

Thus 

tg8 = (tgS 0 -lg8{) + tg5, 

The curve drawn on Fig, 16 gives the loss in the cable 
as a function of the applied voltage at atmospheric 
pressure. The dotted curve gives the ^alues* of t g 8, 
as calculated from the above formula. As it may be 
seen, there it is fairly good agreement between the cal¬ 
culated and experimental curves. 

The curves on Figs. 12 and 13 show that a certain 
vacuum at which the loss is a maximum corresponds 
to each voltage. After the maximum is attained the 
loss begins to decrease and the velocity of decrease, 
of the loss at first is greater then at a further increase 
of the internal vacuum. 

With increase of voltage, the maximum loss is 
displaced in the direction of small vacua and conse¬ 
quently we find displaced in the same direction the 


ing the small variations of capacity of the cable at 
increase of voltage, it is possible to determine the loss 
angle of the entire insulation (i. <?., including air) for 
voltages higher "than the voltage E 0 , which corresponds 


Fig. 





I. Pressure 250 mm, over atmosphere 

II. Atmospheric pressure 

III. Vacuum, 400 mm. 


to the maximum value of tg 8 = t g 5 0 , if we know the 
loss angle of the insulation proper, tg 8. 

In effect the loss in air for a voltage E > may be 
expressed as follows: 

Pi = El 2 w C (t g So - tg 5i) = const. 

The loss in the insulation at a voltage E will be: 

Pi = B 2 co C t g 8\ 

Therefore the total loss will be equal to: 

P = Pi -f* Pi ' * 

4. C. L. Dawes and P. L. Hoover, Ionization Studies in 
' paper Insulated Cables, A. I. E. E. Tuans., Vol, 45,1926, p. 141. 



Fig. 16—Comparison op Calculated and Experimental * 
Curves Between Power Factor and Voltage Above the 
Voltage op Maximum Power. Factor 

parts of curves with diminished loss variations. Thus 
we have a relation of the same character as that al¬ 
ready mentioned, between the life of the cable and the 
internal vacua. This similarity shows that there is 
something in common between the two phenomena 
and suggests the ways for explanation of the nature of 
the phenomenon of the optimum life vacuum. 

A complete explanation of this phenomenon'was 
not yet found, but it is possible that its cause may be 
as follows. 

With an increase of the internal vacuum in the cable • 
at a constant voltage, (beginning from large pressures 
of the internal air at which the air is not yet wholly 
ionized), the loss will increase at first. Then with a 
vacuum, at which the internal air is wholly ionized, the 
loss will attain its maximum value. - With a further 
increase of the internal vacuum the loss will decrease, 
as the dielectric strength of air will decrease and there¬ 
fore the voltage drop across the air will also decrease. 

As the dielectric loss will heat the cable, the temperature 

» * 
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xypiaAL niFE-VAcn™ Curve as Sugg 
Power Factor and Vacuum Relation 


w as observed, as it seems under »i 
influence of chemical alterations in the imm-ematmpWi^ 
compound under the influence of ionized air 

2o f i a —' 

the appearance o^elnS 

extremity of the cable was WmnKnoii,, ^ _i * ^ 


. • . ;• internal vacua. The oth^IllSIlP 

can«J e ‘ j r !?° mi ?f nt in com Parison with all other the^ame Cable WSS hermeticaII y closed. A ^fK 

i.: rSiPu Cab,C S hfe Wil1 be ^ n t0 increase. With JraslJL S Tneasarem ? tS were undertaken. All| 

> a further mcrease of vacuum, the rate of variation rf mllt 'Z S ' 18 re P rod « c c the results of the experi- < : 

losses,^ as stated above, will diminish. Thls^lMead of Ji CUrVeS ar6: J ' the Ioss cm-ve; II, the 

to a state when the influence of causes decreasing the wm,M T va ? aa < an d HI, the curve of vacua, whiclP#8iHi 

cable s hfe will predominate. the ^ d ba P^ if.there would not be connected 

This miatysis shows fljat the curve giving the in- rubhef L '^ l V ° lume of air in <*e leads aH 

• xss“rr b ° * “uSotT”^ at the end of mm 

=,t ” be explained by imperfeot 
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fact that _the maximum becomes smoother with an afteHtSuf“7 ° bs . erving the cha nge of the vacuu^«B 
increase of voltage can be explained in the following ^‘taanh-oduction into the <*able. • al 

m at W voltages, the gradient in the iSulaS vo 1^77 *°S m 111 that under the worh^B 

.of the cable and the tangential components TZ 










For the determination of internal vacua which can 
appear under the influence of temperature changes, a 
piece of cable was heated to a temperature about 40 
deg. cerlt., measured by a thermometer dropped to the 
core of the cable. 

The cable was heated with an electric current about 
800 amperes. After the heating currentwasinterrupted, 
in a lapse of time, which allowed to attain a compara¬ 
tively uniform distribution of temperatures in the 



Fig. 19—Relation Between Poweh Factor and Luna on a 
Caule which Failed in 167 Min. 

interior of the cable, the latter was hermetically closed 
and connected to a manometer. 

In this way it was found that at a decrease of tem¬ 
perature in the cable of 25 deg. cent, the internal 
vacuum increased to 180 mm. of mercury (corrected 
for the parasitical volume in leads of rubber tubes and 
the manometer).' 

Losses in Cable as Function of the Duration 
of Voltage Application 

Loss measurements in the cable were made at the 
same time as life duration of the cable as a function of 
the internal vacua was determined. 

Characteristic curves of power factor as function of 
applied voltage obtained during these tests <are repro¬ 
duced in Figs. 19 and 20, As may be seen from these 
curves, t g 8 at first diminishes, then remains constant 
for a time and then increases until breakdown of the 
cable occurs. ' . 

The decrease of l g 8 during a certain time after the 
application of voltage may be explained by the heating 
of the cable through the dielectric losses. The ambient 
temperature was about 15 deg. cent, and as the cable 
losses have a minimum at a temperature about 40 
deg. cent., as shown by Mr. P. Dunsheath/ the heating 
of the cable leads to a decrease of t g 8. After establish¬ 
ing a thermal equilibrium, l g 8 remains constant for a 
certain period. This shows that the chief causes of the 
breakdown in the cable are chemical alterations, not 
pyroelectric effects.* 

If.breakdown in the cable were due to thermal causes, 
we should have a continual rise of temperature in the 
cable and the loss eurve would not hav.e its horizontal 

- * # ^ 

6. P. Dunsheath, “Dielectric Problems in High-Voltage 

Cables,” Journal of the Institution of Electrical Engineers, 
January, 1926. . 


part. The pyroelectric effect begins to play an im¬ 
portant part only at the approach of the cable’s break¬ 
down, which accounts for the appearance of hot spots 
before the breakdown. * 

Conclusions 

1. Internal vacua of the order of 350-400 mm. of 
mercury may appear in a cable under the influence of 
temperature changes and ionization of air. 

2. The appearance of internal vacua at the forking 
voltage of a cable may noticeably lower th8 life duration 
of the latter. 

3. Air can easily propagate along the core of a cable , 
and in the interior of the latter, but on considerable 
lengths of cable stoppers may occur, which will impede 
such a propagation. 



Hours 

Fig, 20—Relation Between Power Factor and Life* 
on a Cable which failed in 10 hr. 29 min, 

4. To prevent the dangerous effect of internal vacua 
the following measures may be recommended: 

a. Use of chemically stable compounds; 

b. Arrangement of free ducts in the interior of the 
cable for air- to 'maintain the atmospheric pressure in 
in the interior of the cable by using the flow of air from 
the extremities of the cable; 

c. Arrangement of free air ducts in the interior of 
the cable and in the splices for compensation of vacua 
that may appear with the volume of air contained in * 
them; 

d. Pumping of dry air through ducts in the core of a 
cable to maintain the pressure in the cable higher than 
that of the atmosphere; 

e. Filling a cable with transformer oil forced under 
pressure at the splices of a cable to provide compensa¬ 
tion at volume changes of internal air in the cable. . 

WILL TAKE DISTRIBUTION CENSUS 
FOR 1930 

The fifteenth decennial census which will he taken in 
1930 will probably include a national survey of dis¬ 
tribution, according to a recent statement by Secretary 
of Commerce, Herbert Hoover. It is stated that 
details of the national census remain to be worked out 
but that the need for statistical information relating 
to the distribution of commodities has long been felt. 

A census of production is well organized but a census 
of distribution must be put on the basis of an actual 
enumeration. • , • 

. *• * . • 
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Approximate Solution for Electrical Network^ 

When These are Highly Oscillatory 


BY E. A. GUILLEMIN 1 

Associate, A. I. E, E, 


Synopnis.-The general solution lo the slightly damped network 
' u txprtutful in terms of the undamped solution by means of series 
Mpan*ion$, The first pari of the paper gives a method for evaluat¬ 
ing th* earn pit x roots of the deter minantal equation, and the second 


part shows how the expansions of the first part may he comd\ 
until the Heaviside formula to form the complete appro&iri 
solution . An example illustrates the application lo a irtfflj 
network. 
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I IN working out the general solution of an electrical interest might be stimulated in this general direction! 
network, subjected to suddenly applied e. m. fs., by If we consider the meshes in our electrical notvvO 

. -1 . 1 i.1 1 J 1 _ _ r , i l i j _ 


►in irwii\iiij£ uul one general buiulivu ui au ciccir icai 

network, subjected to suddenly applied e. m. fs., by 
•the classical method, there are two steps which 
involve a disagreeable amount of calculation—the 
determination of the natural angular velocities of the 
system, and the evaluation of integration constants or 
’transient current amplitudes. The use of Heaviside's 


* .. Wiiomw IIITOUCO 111 UUI UJUl. U lA’tU HUIVVIJ 

numbered from 1 to n, and let X (i , p U) a a be the to 
inductance, resistance, and elastance, respectively, 
mesh i, and further let - X u ., ~ p ih , - <r ik be Lite to) 
inductance, resistance, and elastance, respective] 
»i,i,uuucd. . j-nc use ux neavisiae s common to meshes i and k (\ ik being the sum of mu til 
expansion formula does considerable toward simpli- and common self inductances), then the system \ 
fjrng- at least systematizing—the latter; but there, homogeneous differential equations describing l| 
ecessitv of solving high natural mode of oscillation of the system, when writti 

for the mesh charges, takes the form :* | 

an + «i2 Xt + , . , , + ai„ a:,, = 0 
« 2 i Xi + a S2 xz + . . . . -|- f[ 2 » x„ « 0 


®nl #1 + tl n 2 %2 "f* ♦ , 

(p n 

with «»-'X»-5v + p„- rr + ,tt 


T a;,, “ 0 
d_ 
d l 


and 


** = ^ i h d t 




(I 


still remains the necessity of solving high powered 
algebraic equations, which, when the network contains 
, mare two meshes, becomes a tedious process. 

Primary among^the factors which contribute toward the 
unwiekliness of the solution are the dissipative terms 
Introduced by the presence of ohmic resistances. The 
solution for an idealized system with no ohmic losses 
u mut ; h sim P ler both analytically and in consequent 
numencal manipulation. In the first place, the deter- 
tmnantal equation for this case contains only even 
powers of the independent variable, say p, and, when 
solved for p-, contains only negative real roots which 
, ma f. be evaluated by ’Newton's or Lagrange’s approxi- 

* T &condt° d onlv en th i d6gree - is above the third in ThG mesh char S es instead of mesh currents 4 

quantities 0r . purely real TJ , u appearance integrals in the system (I 

evaluating manipulations involved in ai l d a 50 brings out a closer analogy between the oled 

• SSS COn ?" tS iMlead of «•»»>« tr “ a !. systam and the equivalent toeKXXnl 

aetuT “ r TT“ «*" i,,t0 «• P«b- ** laments take the place of elecStThX^ 

manifold. l‘„ toett 0 “* “ to Syslera (1) tho llorm « 

oi"“t* w,0 «« h J 

*» attenuation. Cr \^ na ca || ll< i!!!!| ISe ° nlya relati ''ely tllere results the system of simnltoo™.. 1 ._IS 

—latory." Practically 

twtkm with mrlin foiarxE y network use ^ in con- 

. 

" damped + *“ X « +••■•+ KX. - 0 . 

tti»aieoM«tol7Sl*“‘ ls 1 “ nila toed condition. where t ht - b,„ (p) -W+ . . . 

I r^” s . Wwmbeu8d ”'^ 8( ™ «> 

* r - ^—. Alin Win a* | 


f>n Xj 4 - J 12 X 2 + 

X, f -bnXt + 


+ ^ln X M «= 0 
+ b 2n X, = 0 


(6) 
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Our following equations (4) and rtn t , 1 

to 0 M . , qmam (1 W “1/« O p On«»«»d in Urn „„„ J 
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to non-trivial solutions for the amplitudes X k . This A first approximation to the roots of (10) is given by: 
will be the case if the determinant of the system p* (j,) = 0 . (11) 

vanishes, i, e., if. which is the determinantal equation for neglected 

J . j attenuation. As already pointed out, it contains only 

D (p) = on. .. . ■ <Hn _ 0 ( 6 ) even powers of p, the roots for p 2 being negative real, 

• ... ' and hence those for p purely imaginary. Let the roots 

bnl - ’ • \ bn * of ( 11 ) be given by: 


For the solution to be unique it is further necessary 
that D have the rank n - 1, •£. e., that at least one of its 
first minors shall not vanish. Equation ( 6 ) is in 


v = p* 

According to the Newtonian method® we then put 


compact form the determinantal equation of the oseil- for the roots of D (p): 

latory system, Since each element is in general a see, j or Qxamplo, Woods & Bailey, “A Course in Martie- 

polynomial of the second degree in p, D will be a ma tics,” Ginn & Co., 1907, p. 114. The method is there shown • 
polynomial of the 2 nth degree in p, and according to applied to the solution of numerical equations, but the general 
the fundamental law of Algebra ( 6 ) can be satisfied idea involved is the same as that used in this paper, 
in 2 n ways. Hence. 2 n solutions (3) exist with 2 n p = p* + 5 (13) 

arbitrary amplitudes X k to satisfy the 2 n initial an( j su kgtitute this value into D* (p) of equation ( 10 ), 
charges and currents in the given electrical system. p or the second term in ( 10 ) it is sufficient to substitute 

Consistent with our major premise, we proceed to ,j 2 v We then have: 
nvr\ori/l in unwprfl nf n.-, hv Tavlor's theorem. We - 


expand ( 6 ) in powers of p ik by Taylor’s theorem. We 
have : 3 


d(p) = r d.(p)] 

L, j 

+ tt2*[ 


& D (?■>) 

b Pik 


Pik + • • • • (7) 


D (p) = D* (p* + 5) + p* B ** (P*) • P<*=° C 14 ) 

1 4 

Expanding the first term in a Taylor’s series about 
p = p* we get: 

1 l bD *\ * , 

Z). (f + S ) - D* m + r , (-^) f .(15) 


But according to the rule for differentiating deter¬ 
minants ;■> Now if we note that 

t>D( v) a r> ft)) ai>.. „ . d* <p) - c. r + c.-. »>■-’+...+ c. • 

-TJT - ~^hT - B “ <”> TT^7 -c. (P* + «)• + ft-. <p* + »-+...+ 0. 

-B u - (8) and ». + «).• • t 

where Ba(p) is the minor of /.,■* in ( 6 ). Since D (pj is _ , a ( OT 1) / — \ . _ l 

a whole rational function in p ik , the expansion (7) ^ 1 ! p* 2 ! V p* / " j 

will contain a finite number of terms. Fsom ( 8 ) it is , „ , o . - 

evident 5 that successive terms will rapidly become we see that terms of (15) above t e gi . , 

smaller if pik < < P • We will assume this and may be neglected if: 


n 5 n (n — 1) / 5 \ 

* + 1 ! p* 2 ! \p*/ 


consequently neglect all powers of the Pi k ’s above the 
first. If now we adopt the notation: 


r p(p) 

- D* (p) 

L J 

pifc=n 

r (p) 

= Bik* (P) 

L ^ 

I’lk^O 


our determinantal equation (6) becomes: 

n 

D (p ) - D* {if) *P • P<* “ 0 


;he n _ 1 • 5 

V L ^r<<i • < 16 > 

2 p* 

which is the criterion for a “highly oscillatory” network 
( 9 ) in the sense in which that term is used in this paper. 
Substituting (15) into (14) and noting that: 

D* (p*) = 0, 

and also that 


rbDH 

L bp -1 


P -ip=p* 


bD* b bg 
db itl bp 


3. Sec Wood's*'‘Advanced Caleulus,” Ginn & Co„ 1928, "SL* o \ ' * t>. * f„*\ fl7) 

p, 49, equation (I), orany similar text covering Taylor’s theorem. “ /i ^ A ' k " D ik '** } \ > 

4. See, for example, R. F. Scott’» 1 ‘Theory of Determinants,” ! 

Cambridge University Press, 1880, p. 36. , * « " 

5. This Will be Qlear if we note that Rift is two powers lmver s \ r ,* V„»kV+ On- Bn* (p*)’= 0 

in p than D. Hence the second term of (7) divided by thejfirst we S et d 2a ^ hik ik [V } ^ ^ Pi " ' 

will be of tlie order: pik/p- 1 , 1 


1 











or 5 = 


GUILLEMIN: APPROXIMATE SOLUTION FOR ELECTRICAL NETWORKS Journal A. I, 

, . 1“_ before we find: P ? ® 16 NeWlon,an method tfjggi 


2'*2X,*S f **(p*) 


'always taTrea^andli (18) ** iS dear that 5 wil1 

T a r ~ *l t7 

complex ‘‘natural angukr velocity” 

mesh inductances averaged in the kme way The 
dimension of and its similarity to that fonhe sim* 
tt, Jj 7 (J circuit are evident 'TVio ™ 

# sim P Ie illustration of our result. Here, ^ **** &S & 

D(v) = b(p) ^Lp' + Rp + JL m 0< 

c 

. D * = L v * + - 7 T - 0; p* . —44- 

* VLC ’ 

The B«* are unity in this case and we have 

. 2 L> 

• and hence, p --- . .• 1 

_ • 2L 1 VLC ' 

anXSuent* 6 ” fr?m tWs ° n,5r in th, “ the damped 



R* 

V LG 

4 D 


appears in place of the undamped, 

Although equation (18) is applicable more directly 

i« t , thrimT?rc.?raiio^?r k 

have ghmn? Plat ' 01 ' ‘ n itS P ° Iy ”° mW f ™' » we 

D (p) ■- A„ p» + A*-, pn-i + . _ . + _ 0 (1{>) 

^StaT^r^irn,K- ' ne ^ 

etc., terms, t. e„ that: ' 

(P) = An p« + A„- 2 p»~* + / , A _ n .... 

Then if we let, + A ° ~ 0> ( 20 ) 

G (?>) = A„-, P- 1 + A„-, 7)d-3 4. , a 

" ,P + • • • + Ajp (21) 

it will be seen that,[" G ( p ) 1 _ q 

.-. L J f><* =o ’ 

exit; Z r tiZZTjfLlZ Ph e r ip,e . tWs Wpena.to be 
share to the coefficients of even powoSpf 0Ontribute a a “all 


5 = _ gfe») • ' 

( bD* \ (22)|||||| 

‘ &P / W * ' 

the ^plication of ( 22 ), let us consider thjjjj 
D (p) - v* + 50 p* + 8.91 x 10 s p* + 2.03 • 10 * p ‘||B| 

! D (y) - p > + 8.9110‘yi + 1,601-10“ - 0 HtBI 

and p* - ± y 800 and ±# 600 . ' *|S 

For the first of these: •' f ■■ ■ ■ ■ J 

G (p*) = =f i 9 SR-1 no* ( \ 

' ***** 10 ' ( hF I,.,. - T i 6-23- W |^gj 

and hence ^ 5 = ~ 15. ^■#111 

For the second: • • 

G (P*) = ±i3.90109; ( — ) - ± y o o n -Tns 

\ dp >W -±j3.9°10«, ;i^gi 

and hence ’ = . all 

The final roots are: 

- 10 ± y 500 and - 15 ± / 800 • ' 

SiaHoTtSff the °"? “ Sed fa “P «« above Wk 

quation, the differences due to the approximate method 

in SSjirr ” oticeab,e on the s,ide ra| p ia 

md I iSe»Mn y d!T P “ 8 that due 10 the of "m 

meshes the det CtanCe , ° r eIastance in one of the 

of an odd df equation comes out to be':«!* 

t ___• ^ ree ' ^ ie number of natural fmonlnn 


'p-p* 

= - 10 . 
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of an ndd .i IT, 1 ^oawon comes out to be 
frequencies conned in^st, i' C^ 3 ^ 
^ - 1 

~ Where »is the degree of the equation. The odd 

n™S'c‘oord P na r w as well «the rest‘of the fr” 58 ^ “ 
y zm the latter case a refifroum'nty nf 

suppose we have an equation of even d^ ee given by: 

-_1 . D(P) = 0; 
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and we introduce an extra real root p = — a. Then 
the equation of odd degree becomes: 

D a (p) = (p + a)D ( p ) = 0. (23) 

The equation for neglected resistance would then be: 
. . D a * ( p ) = p D* (p) = 0, 

which contains the zero root mentioned above. Hence, 
substituting p = 0 + 5 into (23) and expanding we get: 

D.(S) -D.<0)+-j T -(-|5l) o . . + . . . - 0, 


5 = - 


Do (0) 

- ’ / \ ’ 

\ d p /p^a 

But: D q (0) — aD (0), 

/ d D a \ / dD \ 

\ dp / p=0 \ dp /^-o _ J ' 

a D (0) 

so that: 8 = - - 7 TT T \ -> 

B(0)+c M) 

\ bp /p *=>0 

from which it is clear that the method still gives satis¬ 
factory results if: 


But: 

Do (0) 
/ d D 0 \ 

and 


so that: 

8 = - 

j 


“(if). 


< < D (0); 


V dp / p „ 0 . 

% 

or by using the notation of equation (19), if: 

(to 

a < < —. 

Gtl 


2.03 TO 7 


which is the root correct to within 0.2 per cent. 

Our next step is to show how nicely the above method 
of arriving at the approximate complex roots fits in 
with an approximate determination of the transient 
current amplitudes by means of Heaviside's well-known 
expansion formula. The latter may be put into the _ 
form: 9 


*2 


Bg fo) 

( — ) * 
\ dv /p=pv 


In our numerical example above, this means that an 
additional real root (p -j- a) may be introduced and 
re-evaluated by formula (22) with good results as long as 

1.60110“ 

a < ^ o iw.im “ 7890, 


when written for the current in mesh i due to a suddenly ■ 
applied direct voltage E in mesh k or vice versa, 
D (p) is the determinant given by (6), and the 
respective minor of this determinant. The summa¬ 
tion is to extend over all the roots of the determinantal 
equation: • 

D (p) = 0. 

• For the case of slight damping, however, the solution 
is given approximately by: 




Bit* Cp,*) I™ 

’(*£). ■ 
\ O P / p e*pp* 


But the denominators in this sum are already known 
from equation (17), so that we merely have to substi¬ 
tute these same values into (25) in order to get the 
complete solution. The approximate solution to the 
determinantal equation dovetails nicely with the 
process of evaluation of the transient current ampli¬ 
tudes. Substituting (17) into t (25), we can write for 
Heaviside's expansion formula in approximate form: 

E B ik * (p*) 


p ‘* 2* Bik * M 


which condition is easily fulfilled if a is not much 
larger than the real portions of the other roots. Note 
that for the evaluation of this real root equation (22) 
simply becomes equal to the negative quotient of the 
last two coefficients of the odd powered determinantal 
equation in the form of (19). After this odd root has 
thus been determined, it is best to divide it out and 
then treat the remainder as in the case where D (p) 
is of even degree. To illustrate let us take our pre¬ 
vious numerical example, *and introduce the root 
p = — 100. It then becomes: 

D {p) - p B +150> + 8.96T0 B p 3 + 1.094-10 3 p 2 

+ 1.62T0 11 p + 1.601 *10 13 = 0. 
Here: D * (p)* = p s + 8.96-10 s p s -j- 1.62.T0 11 p, 

and G (p) = 160 p* + 1.094-If) 3 p 2 -j- 1.601 TO 13 . 

By applying (22) for p* — 0 we get: . 

* 1.601 To " 13 

S ~*~ 1.6210 11 "~ 98 - 8 


If the determinantal equation (6) has no zero root, it 
means that the mesh in which the e. m. f. is impressed 
contains a condenser so that the steady state becomes 


9. It will be seen with a little investigation that our: 

AM = Z( , 

B (v) * 


where Z (p) is the transient impedance ns ustfally defined in 
connection with Heaviside’s expansion formula. Now: 

r 1 (*&) 

^ r R i = I dy dp vdp/p-ji,, 

iy L S J f .f, L R 2 Jp.pr'* •Bip”) 

= f +Z ] “^(77) + Z <P K ) • 

L ap -If tstpy ' Cl p /pmtpp 

Comparing with the usual form of Heaviside's formula, the form 
(24) will be seen to be identical with it. For additional inform 
mation on this point, see “Notes on Operational Calouhls,” by 
V. Bush, obtainable from the Electrical Engineering Dept, of the 
Massachusetts Institute oft Technology, Cambrulge, Mass. 
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7. is quite apparent that the saving in tedin,,* m wSppS/1; 
to” over the usual method is eonSSe lS6l| 


Then, 

D*(p) = 


riHi 


In order^ to illustrate the entire process of solution “ MBER WAS ™ WARNING SnmAftj te d 
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and substituting into (18) we have: 

9.95 10 s 

"KmoT = ~ 16>7 


^1.4 = 




4.96-IQ 
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The Boltzmann-IIopkinson Principle ‘ . 

of Superposition as Applied to Dielectrics v,; '| 

BY F. D. MURNAGHAN 1 * 


Non-mcmbcr 


Synopsis . —The 'principle of superposition } discussed first for 
dielectrics by Hopkinson, has been shown for a long time in experi¬ 
ment* However, its validity for the several theories which have been 
advanced for dielectric behavior has been shown in only a few cases. 
One of Ihe exceptions is the important theory of Maxwell? This 


paper shows that the principle of superposition is a necessary conse¬ 
quence of Maxwell's theory. It goes somewhat further and shows 
that the principle is valid for any theory which leads to a system of t 
linear differential equations with constant coefficients. 


I F we have a plane layer dielectric with n layers and 
denote the thickness of the rth layer by a ri its specific 
inductive capacity by K r and its specific resistance 
by r, then the common current density u in each layer 
is given by 

u = (D + b r )f r (1) 

when D denotes time differentiation, 8 f r stands for the 
displacement in the rth layer, and b r is an abbreviation 
for the ratio 4 ir /K, r f . Furthermore, the displacements - 
/ are connected with the applied e. m. f. E by the 
equation 

ot\h + + • • • + a nfn ~ E (2) 

where a, is an abbreviation for the ratio 4 tt a r /K r . 
These equations lead to a linear differential equation of 
order n - 1 for each of the displacements/, the equation 
satisfied hy/ r , being 


D + bi D + &s 


D + b 


r7r] /r = 


E 

D + b. 


it being understood, however, that this is merely a con¬ 
venient way of writing the differential equation which 
results when both sides are cleared of fractions by multi¬ 
plying through by the product of all the denominators 
(D + b r ). The dielectric being supposed initially 
uncharged we have to find solutions of (3), consistent 
with (1), which have all the same value E( 0)/ai 
+ . . . + a„) when t = 0. 

The differential equation (3) has on the left hand side 
a differential expression F (D) of order n - 1, the 
coefficient of the highest order derivative D n ~ l being 
(<xi + + • • • + «„), and we shall denote this 

coefficient by A, for convenience. The right hand side 

1. 'Johns Hopkins University. 

2. See Maxwell's Theory of the Layer Dielectric, F. D. 
Murnaghan, A„L E. E. Journal, February 1927, p. 132. 

3. The symbol* D stands for d/d t and is used throughout the 
paper symbolically, as an algebraic quantity. For the use of 
the symbolic operator D + b in the solution of linear differential 
equations with constant coefficients see any standard treatise 
on the subject, for example, Ccjion's Differential Equations 
(Heath* Co), p. 06: 

Presented at the Winter Convention of the A. I. A. New 
York, N. Y., Feb. 13-17', 1988. 


of (3) is the result of differentiating the function E of t in 
the manner indicated by the product of all the (D -f- b)„ 
save the single one {D + b r ). It will be convenient 
first t'o consider the auxiliary equation 

F {D)y - E (0 (4) 

since if we have a solution y of this equation the function 
f r obtained by operating on y by the product of all tlie 
(D + h) save the single one (D + b r ) will satisfy the . , 
equation (3). In fact since the coefficients in the poly- 
nominal F ( D ) are constants we may interchange the 
order of the differentiations indicated by F (D) and 
by the product of the factors (D -|- b), Hence * 

F (D) . (D + 6i) ( . . .) (D + b n ),y 

- (D + 60(. • •)(£ + &„) . F(D)y 
= (D + b ,) (. . .) (D + b n ) E (t) 

We now proceed to find, by a method due to Cauchy, 
that particular solution of the equation (4) which van¬ 
ishes, together with all its derivatives up to the 
n - 2nd inclusive when t = 0. The homogeneous 
equation corresponding to (4), i. e., \ 

& (D) z = P (5) 

being of order n - 1, has n - 1 distinct solutions which 
we may denote by (z h 2 2 , . . • z»~i), and the general 
solution of (5) is, in accordance with the theory of 
linear differential equations, a combination, with con¬ 
stant coefficients, of these n distinct solutions. Thue 
the general solution of (5) may be written in the form 
Z = Cl Zi + Ci Zi *T • ■ • + On-l Zn-l (®) 

The constants C are entirely arbitrary and We choose 
them so that the function 2 of t defined by (6) wishes 
together with its derivatives up to the n - 3rd inclusive 
when t = r; the n - 2nd derivative, on the contrary, 
assuming the value E (r)/A- The prescribing »of the 
values of z and its derivatives up to the n- 2nd, in¬ 
clusive, in this way for a ■particular value roil gives 
us exactly n- 1 linear equations for the determination 
of the values of the constants C which occur in (6). 
These constants will depend on the particular value r of 
t chosen to enable us to determine them bj f means of 
the conditions stated and they will, in addition, be 
proportional to E (r) since the right hand members of 
the n - 1 linear equations for the C's are all zero save 
one which is precisely E (r)/A. We shall indicate 
these facts by writing z of (6) in the form 
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<p h • ,., ^ the coefficient of the highest order derivative life 

The fact that the coefficients in the differential operator F (D) is A, we have " '■$ 

r iU) of (5) are constants tells us further that the / 

function 9 of the two arguments t and r does not really F (D)y = f jjj M k> ( n, „ (l . , tl . 

involve them separately but is rather a function of their V C * ‘ ( r) <l * + 

r b In ^ he ^notions «i» etc., are The first member of the expression on the riVf*« 

nl ...I. 1 >/M . * 


.. 7 . jss Kras ~ -*« 

rs * st 8 rzf tr “ i -«£ : «*“ 

which n»Sta£Sta?22SJ*. T li0 " W ”*• ,! 

x> < »P to the » - 3rd inclueive X“'- wf T* ’ /® W ' W + W (. . ) (/) * , . „ 

■ ™ 2nd derivative assumi™ 5“' T 5 is zero ); the 

the argument or r is zero Ve nit” 6 S (t)/A when lowing that the e • * (/)/A 

the hKtto p or Z4: Sfcff i° Show *«4S2 fi (0)M m °r',' "m 1 '■” l ™ of “II «■ 
thi. integral Ie l > defined by duce the notation * 11 Wl * )0 convenient to 
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Jr — E (0) <p, (t) + f -^7 (pr (t — r) d t (15) 

This equation gives a physical interpretation to the 
functions <p; for, on writing E (t) — 1 in (15), we see 
that pr (<i) is the displacement in the rth layer when a 
constant unit e. m. f. is applied at time t = 0 to the 
dielectric supposed uncharged. 

The result given in (15) is the mathematical ex¬ 
pression of the Boltzmann-Hopkinson Principle of 
Superposition as applied to the displacements. It is 
evident from its mode that the principle of superposition 
is valid" not only for Maxwell's theory of dielectric 
absorption but for any theory which leads to a system 
of differential equations which are linear and have 
constant coefficients. For example a theory in which 
the current density was connected with the displace¬ 
ment by a second order equation of the type 
(D 2 + b r D + c,) /,• = u would have the principle of 
superposition as a consequence. 

Once the displacements have been found the current 
density u follows at once from (1). Writing 


\f> (t — t) — (D + b r ) <p, (t- r ) (16) 

(it is easily verified that the expression on the right 
has the same value for all the layers) we find 
u(t) = E (0) f (t) 


r dE 

+ J ~I7 *~ r ) d T + 


dE 
d t 


A 


(17) 


The physical meaning of the function ^ (t) is evident 
from this formula; it is the current at time t due to a 
constant unit e. m. f. applied to the»unchhrged di¬ 
electric at time t = 0. The principal of superposition 
is not valid for the entire current but the first two terms 
of (17) may be found by means of that principal and" 
then the complete current follows by adding the’dis¬ 
placement current which is given by the third term. 

We have given elsewhere 4 the expression for the 
function \j/ in terms of the constants of the layer di¬ 
electric and the formula (17} furnishes a ready method 
for calculating the current due to any type of applied * 
e. m. f. 


4. A, I. E. E. Journal, February 1927, p. 132. 


Telephone Toll Plant in the Chicago Region . 

BY BURKE SMITH 1 and G. B. WEST 1 

Associate, A. L B. E, Non-member 


Synopsis,—This paper described the telephone toll system in Descriptions are given of the loll plan and the toll plant, method .j of 

the region within a radius of about 60 mi, from Chicago, In this handling loll calls, volume of traffic handled, etc. A most important 

system have been established SI loll centers at which are handled consideration is the very rapid growth taking place in toll-service 

the loll traffic of their own exchanges and 06 other cxchangesin the area, requirements in this region. . 


C OOK County and its seven adjacent counties in 
Illinois, and two in Indiana, together form the 
metropolitan area which is referred to in this paper 
as the "Chicago Region.” Within this area there are 
about three and one-quarter million people in Chicago 
proper, with another one and one-quarter million dis¬ 
tributed in about one hundred communities in propor¬ 
tionately decreasing densities from the Chicago city 
limits to the outer boundaries about fifty miles distant. 
The growth of the population in this area is at the rate 
of approximately a million per decade. 

This area is served telephonically through local 
exchanges which are, for the most part, identical with 
the one hundred odd communities already referred to, 
and each receiyes service within its area under its local 
service tariffs-. Between any one community and any 
other community, service is, in general, subject to an 
additional tariff or toll charge based on the center to 

center distance. t . 

The general advancement of thte region Jias been 

1. Both of Illinoi* Bel) Telephone Co., Chicago, III. 

Presented at the Begional Meeting of District No. 6 of the 

A. I. E. E., Ghicapo, III, Nov. 28-80,1827. 

, * 


material. This has been more than reflected in the 
accompanying increase in telephone business. Within 
this business the rapidity of increase has been even more 
marked in the toll than in the local phase. Since all 
indications point to a continuance in this same relative 
progress, it may be appreciated that the toll, develop¬ 
ment will present a continuing problem if no other 
factor than magnitude alone need be considered. 
Along with magnitude, however, there are problems of 
re-alinements of distribution as communities of interest 
and methods of operation change and plant design 

advances. . • ' 

Tt is obviously as impractical to provide each local 
exchange with direct or fixed connections to every other 
exchange as it is to so deal with the various subscribers' 
stations within a local exchange. Switching or dis¬ 
tribution centers must, therefore, be arranged which 
result in greater toll plant efficiencies and toll line 
route concentrations. The actual result of this in the 
Chicago region has been the establishment of 21 toll 
centers, at which are handled the toll traffic of their 
own exchanges and the other 9& exchanges in the area. 

These 95 exchanges have, therefore, become, for toll 

« • 
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purposes, satellites to these centpr* ™ . 
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provision of the plant to care for this extra regional 
traffic, with that for the short-haul traffic, further adds 
to the complexity of the plant design. 

The provision of the plant for this intra and extra 
regional traffic to be economically carried out must be 
based oh some general plan of future development 
within the area. Such a plan, generally known as the 
"toll fundamental plan,” projects volumes of traffic, 
anticipates methods of handling, and arranges toll 
centering, tributary and route layouts for some ultimate 
period, normally about 20 years in advance. Such a 
plan must, of necessity, be reviewed and revised from 
time to" time to keep pace with the developments and 
changes in toll service requirements, and is a guide to 
current toll plant construction rather than an absolute 
control of it. 

Illustrations of some of the problems of growth and 
development of toll plant within the Chicago x’egion 
follow: 

Referring first to the toll fundamental.plan. Fig’. 1 
shows the grouping of the exchanges in the Chicago 
region around the toll centers. For example, the 
small exchanges around Joliet under this plan reach 
Chicago and other points via Joliet. This figure 
incidentally indicates the several toll routes radiating 
from Chicago, such as the route along the North Shore, 
that northwest from Chicago toward Barrington, 
another directly west through Oak Park and Geneva, 
and the one southwest toward Aurora with a branch 
toward Joliet and Morris; still another directly south 
to Chicago Heights, and one southeast to East Chicago 
which forms part of the main route to points East, 
including New York. _ . 

Considering now the growth in toll traffic in this 
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within a 50-mi. radius of Chicago, yet the longer haul 
lias increased greatly, as for example,, between Chicago 
and St Louis, 185 messages per day ten years ago, 
compared with 650 messages today; between Chicago 
and Detroit, ISO messages per day ten years ago com¬ 
pared with 1000 messages today. ’ 

Toll cable has been the solution of the increasing 
toll circuit requirements, since there is a definite limit 
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to the number of circuits which can be provided l>y 

open wire. . • 

Notwithstanding the continued use of open wire on 
the less dense routes, the extension of cable, has de¬ 
creased the toll open wire in tlio plant. This is shown 
in Fig. 5. It will be noted that cable wire mileage has 
increased from 36,000 in 1916 to 224,000 in 1926/ an 
increase of 620 per cent in 10 years, while toll aerial 
wire mileage*in this region has decreased somewhat 
during this period. 

The rapid extension of the toll cable plant is showfi. 
in Fig. 4 on which is indicated the cable in service 
five years ago, the cable now in service, and that 
rather definitely foreseen within the next five yparg. 
It should be noted that in several of the routes shown 
a second cable, and in aome cases a third, and fourth 
cable, has been placed. , 

In designing such a cable network as this, there are a 
great many problems which must bo solved before the 
plant can actually be provided; c, (/., starting out with 
an assumed grade of transmission, which it is neces¬ 
sary to provide from any station to any other station, 
the distribution of the losses must he economically 
apportioned. Take the simplest ease of toll connection, 
cons - sting of a calling subscriber's loop, the called sub¬ 
scriber’s loop, and the connecting toll circuit. Prob¬ 
ably it would be possible to apportion 45 per cent of 
the loss to each subscriber’s loop, and design the trans¬ 
mission of the toll circuit so that only the remaining 
10 per cent would be in that portion of the connection. 

* I 1 1 1 1 « 1 4 < • 1 _ H A ^ 


region, there.were ten years ago approximately 560,000 
telephones with approximately 11,600,000 toll mes¬ 
sages per year. * In this same area, with something over 
one-million telephones, we are now handling approxi¬ 
mately 46,000,000 toll messages per year, or an increase xu per cent woum oe m mat portion or me comiucuun. 
of 300 per cent? while the number of telephones has Or it would also probably be possible to assign 10 per 
increased only JO per cent,.and the‘population approxi- cent of the loss to each subscriber's loop, and take up 
mately 33 per cent.* These relations are shown diagra- the remaining 80 per cent in the toll circuit. There is, 
. matically in Pigs. 2 and 3. . of course, an econojnical division of these losses, and 

While a large part of this increase in toll traffic i^ these must be determined inf designing the toll plant. 


a 


* 

t 


.♦ ♦ * 

% 


* t * 


0 


• ♦.* 







46 


smith and west, telephone toll plant 






'KEY- 

“ f*>ST>Sa CAStC 




Pig. 4- 



Consider the design of fii* t 
These trunks may be classified w ^ trunk plant - 

connecting the tandem board with citv office UP j J° Se 7"“ auva nced material] 

onnectuig the tandem board with «> >. ®' an ^ those . uce d u»to the toll plant some 2 ^ *«Mtwppfr 

Jl we should divide the total allowable £‘‘ban offices. - won core construction. While theseTu &S °’ 
these two groups equally wewn, 1 !ne oss bet ween factory under the conditions for !f? u Ju Were '^^t 
economical balance since^hl t 5 n0t obtain an 7 eIo P° d < when telephone i * I whl , ch the y were |ig 11 M 
extended into suburban tewif ° em ^ runk which is it became desirable to wn 1 ? ea ^ ers became' availablo 
fifty mi. in tong^SE fort?**? be 38 much as ing coils - types of load! 

very much shorter. ThemistherS^ 6111 trunk ' vi11 be core was, therefore SS* a ? ?f d P^d^lf! 

thei efore, a very materia, standing advantagesof L f ava,Iab]e - The qSMI 

?/-•■• i )i Twrst ngfromitsuse - ance conc,,tlons siiii 

hon, however, by a r>pm y ^ n constriicfe^^4 

pix* z^%t e t ha ™ g a m 

permits a large reduction in +i - S n !' v core m aterial W$ It I 
degrading established pffil 16 SIZG ° f the coils witho||li8S 
result in large plant ® iency standards, and v0tyM%M 

of the new and old coils T|,ifrf^ asi Y ennum Wtii8IH 
sreat advantage where such •, etl " ot ' on in size is oft fgiSl 
underground systems in be **1 f8®f| 

where in the country it i<= T ?WT Clty street ^ 'Oiifit ! 
pole fixtures. 7 * desirable to Place them 

Another development in tho n uj 
quadded cable. T n thl f th f abIe art is that of :If 

wires, each constituting!, ^ -° f Cable two P^s MM 
to fni’TM <i.ul I..-. ® a cucuit. are twisfiv) trirwvi+t-AKffifflSfi&l 


U35£sS*h^--- 

r 6T* Ml. n 

f r'uv Kwi* | 


- 0 „„ Lto d _ ZZr* 

dividing the allowable losses n^nnu.. to form what is known® 


. ^ ****.*& UISTRIOT 

twee/these^ochslesoftTd 111 * lt>2SCS “"equally be- 
»ttudy of the «S1 ?!“ I” Chicago 

£!z s r ta be Tz as ^ th,a divisi0 ” 

metropolitan zone (within 

the city limits principally) 

5.0 Transmission units 2 

allowable loss. 


—, ^uiistitufino* n n ' «, ^ pairs of- ■ 

40 ,orM wtot is ta °”» • 


units 


Tandem trunks within the 
suburban zone.... fpi m 

- . iU - 4 Transmission 

In the earlier dav<? r>f *u * all °wable loss. 

circuits of any appreciable l!n!tt Ph ° ne business > all toll 

wire strung on fnsukt ors IndlZ™ P ' r ° vided by b are 
tively few years ago that f S n0t Until a rela ' 

permitted the use of 1m h deVeIopment of the art 
The earlier toll cables consUf this purpos 

.twisted in pairs. b 

SO tar ova +1-1^ + • tnis period transmission — ’ 


Fia. 5- 





. ■•7' i,| 3h7' v ' :: 




Toll Cablu Wirw a _ , 

sssss. be ^ t0 - r ^ “ w 

issspstx-sa 

A.LE.E. 


MWi. 

Ill 

■ , v;' 

: 'vivr 

7 





;t.d7. 














Jan. 1028 


SMITH AND WEST: TELEPHONE TOLL PLANT 

* 


47 


signalling. It therefore becomes necessary in these 
cases to “by-pass” direct-current signaling around the 
windings of the phantom repeating coil, in order to 
make use of the phantom possibility. The economics of 
this form of signaling must be studied in each individual 
case. 

Another important factor in the extension of cable 
for toll purposes is its immunity from storm damage. 
As is well known, open wire is subject to very serious 
breaks in the sleet storm area, while cable is practically 
immune from damage in such storms. It is estimated 
that to make an open wire line strong enough to give a 
strength 'of construction comparable to that obtained 


Cable plant must of necessity be added in rather 
large units with fairly large margins over immediate 
requirements. If futu e requirements are overesti¬ 
mated, this will result in an appreciable amount of 
idle plant investment, or if underestimated, uneconomi¬ 
cal reenforcement or replacement becomes necessary. 
The provision of cable thus requires careful forecasts 
for long periods as to the probable traffic volumes and 
circuit requirements. 

Even with the developments in cable and, loading 
coils, which are discussed previously thfe distance to 
which cable could be extended for toll purposes was 


with aerial cable would require very large poles on very- 
short spacing or other special construction. Such a 
line also would need at least No. 8 B.W.G. hard-drawn 
copper wires. It is not certain that even such a line 
, would stand up under severe storm conditions. Aerial 
cable construction on the other hand has been in use 
long enough to indicate that construction will almost 
never go down during the severest storms, In the 
extreme cases in which a break does occur the circuits 
in the cable probably will continue to give service. 
An example of how modern toll cable construction 
enables service to be given even if the poles are broken 
and the cable is thrown to the ground was shown in the 
case of a cable pole line between Maywood and 
Elmhurst, suburbs of Chicago. This line which was 




p lai q—Comparative Sub op Loading: Coil Cases 

Each case containing 200 loading colls: 

—permalloy Ooro Coils—'Weight- 725 pounds 
Eight—iron Coro Coils —Weight 1750 pounds 

blown down in May 1927, during a wind storm of great 
severity carried two toll cables and also a subscribers 
cable. Although over a mile of pole line was blown 
down, the only trouble which occurred was due to a 
' cr ack in the sheath at a splice which* resulted in nine 
pairs being temporarily out of service out of a total of 

. 845 pairs in the iwo toll cables. 


Pig, 7—Location of Telephone Repeater Stations and 
Their Relation to the Toll Cable Network in the Chicago 
Suburban Area 

• 

f 

limited, and it was necessary to use No, 13, and in ^ 
some cases No. 10, gage conductors to meet transmission ’ 
requirements. With the development of vacuum tube 
repeaters 3 and their availability for use with toll cable, 
the distances to which such cable could be economically ■ 
extended was increased very greatly. Furthermore, as 
a result of the use of repeaters, it has been possible to 
reduce the gage of cable circuits, so that modern toll 
cables now seldom contain conductors larger than No. 

16 gage, and the greater proportion of conductbrs in 
such cables is generally No. 19 gage. 

The first installation of vacuum tube type repeaters 
in the Chicago region was in 1914 in connection with the 
transcontinental line. This, was a small" installation, 
and growth in repeaters in this territory continued at a ^ 
fairly slow rate up to about 1924. This slow growth was 
due to the fact that it had been necessary to install 
practically no long toll cables other than that.extend¬ 
ing between Chicago and Milwaukee. Beginning with 
the year 1924, toll cable was rapidly extended in vari¬ 
ous directions from Chicago for distances of ovei 100 

3 See paper on Telephone Repeaters, by B. Gherardi and F. B. 
Jewott, Trans, A. I. E. E., Vol. 38,1919, p. 1287. Also by A. B. 
Clark on Telephone Transmission on Long Cable Circuits, Tuans. 

. A. I. E. E., Vol. 42,1923, p,8Q. 
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mi. The Chicago-New York cable, for example, was 
completed in 1925, and the Chicago-St. Louis cable, 
which lies almost “entirely within the State of Illinois, 
was completed in 1926. 

At the present time, there* are approximately 750 
repeaters in use in the territory of the Illinois Bell 
Company, a very large proportion of which is in the 
* Chicago region. Fig. 7 shows the location of repeaters 
in this Chicago region. 

Another problem which has come up in recent years, 
although not ‘expected to be a recurring problem, 
is concerned with , the quality of transmission. When 
, toll circuits consist of only non-loaded open wire, the 
effect of the line on intelligibility is negligible, as cir¬ 
cuits, of this type are very nearly distortionless. 
The introduction of loading into the telephone 
plant, however, lias brought with it a certain amount 
of restriction of the range of frequencies transmitted, 
varying in degree with different types of circuits. It 
’ • ' s we H known that loading has the property of cutting off 
or suppressing frequencies above a certain number of cy-“* 
cles, dependingon the character of theloading. 4 One of the 
fundamental questions of loading has been to determine 
, what range of frequencies should betransmitted to furnish 
a satisfactory grade of speech without undue distortion. 
IJarly studies indicated that a cutoff frequency of about 
2300 cycles would be satisfactory. These studies were 
ba ed on measurements made by ear methods, however, 
and have been supplanted by more recent studies made 
by more scientific means. These studies show that 
it* is economically practicable and desirable to set a 
limit of 2800 cycles as the minimum cutoff frequency in 
loaded cables, and accqrdingly all new toll plant is now 
designed on a basis of a cutoff frequency of 2800 cy¬ 
cles or better. 

In Chicago, at the time the decision was made to 
^ tosher cut-off frequency, there were installed 
.abput 50,000 loading coils in the local trunk plant. “ 
Many of these were on trunks which are used on toll 
connections, such as direct.A-B and tandem trunks 
and toll .switching trunks. These trunks had a cutoff 
frequency of 2300 cycles. A study of the Chicago 
city trunk p ant showed that it was economically 
desirable to change the spacing of coils so. as to raise 
the cut-off to 2800 cycles or better, and this work has 
now^een practically completed so that all toll calls 
with the exception of thpse involving a few circuits in 
some of the first toll cables installed, are now routed 
over trunks having the high cut-off features. As a net 
mm t of this increase in the cutoff frequency, a ££r 

wWch 

S. type ? ? ed Clreuit be ""d for a some- 
what longer haul than if the cut-off were lower. 

: !: With th e increasing complexity of the toll plant in 




recent years, it has appeared desirable to make period¬ 
ical surveys of transmission conditions in a toll operating 
area to determine whether the existing plant is being 
used to best advantage from a transmission standpoint 
aiid to serve as a guide to the economical development 
of the toll plant during a period of say five yeprs in the 
future. In considering the need for such a survey it 
should be noted that in the design of the toll plant, 
provision must' be made for handling traffic which is 
switched to points beyond two given toll centers, as 
well as that which terminates at the two centers. This 
traffic for a given circuit group between two toll centers 
may amount to only a small percentage of the terminat¬ 
ing traffic and means must be provided for taking care 
of transmission on such business which will not react 
seriously on the cost of providing facilities suitable 
for terminating business. Adequate transmission on 
switched calls may often be provided economically by 
the installation of repeaters 3 or by setting aside a 
. certain proportion of circuits in a given circuit group for 
use in switched business and designing those circuits so 
they will be of a high enough grade to be used for either 
switched or terminating business. The economical 
location of repeater points and determination of the 
pioper balance between circuits designed for terminat¬ 
ing business and those designed for switched business 
can best be decided by a comprehensive study of trans¬ 
mission conditions for the entire area. 

In making a transmission survey, an" analysis of toll 
traffic is prepared covering the whole area for a represen¬ 
tative month, showing both terminating and switched 
traffic and indicating the present transmission con¬ 
ditions as compared to the transmission objectives 
which have been established. By dividing the territory 
into natural subdivisions such that the traffic for 
different parts of the territory passes through a 
relatively spiall number of main switching points, it 
is often found that the analysis at a particular switching 
point will show that transmission improvement of a 
relative y small number of circuit groups will provide 
satisfactory transmission on all business switched 
toough that particular point. It is also possible to 
pick out the particular centers where toll transmission 
under present conditions does not meet assumed ob- 
J ctives. A transmission study of this kind supple- 

r™ toU and is ° f J-Sto 

“ aa to flt ta - uh 

p toll “SS notnteto'S miSt 
be termed transmission design but “also methods of 

tluplesign^f tblfplantf 6 ^ 

ChSorarior! 11 ^ to11 requirements of the 
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ADVANCE PLANNING OP THE TELEPHONE TOLL 
PLANT IN LONG-DISTANCE COMMUNICATION 1 . i 

(Chamberlin) 1 

TANDEM. SYSTEM OF HANDLING TOLL CALLS IN < 

AND ABOUT LOS ANGELES 2 J 

(Jacobson anb Wh ©block) i 

Del Monte, Cal., September 14, 1927 
M; R. Sullivan t Speaking as a telephone traffic engineer, I 
should like to endorse what Mr. Chamberlin has said with 
respect to tho traffic features involved in advance planning of < 
tolophono toll plants. ' * 

Traffic in tho telophone industry takes the form of telephone 
calls or messages and since tho plant is provided for the purpose 
of transmitting messages, tho traffic features—tho volume of 
traffic, tlio charaotor of tho traffic,’ the routing of tho traffic, and 
tho manner of handling of the traffic—arc of controlling impor¬ 
tance in tho do termination of tho size and type and arrangement 
of the plant to bo provided, 

Mr. Chamberlin has outlined tlio important function of tho 
commercial surveys in forecasting tolophono developments with 
rospoct to growth in tho number of telephones and their distri- „ 
billion by area, and by classes of tolophono service. 

Of oqual importance are tho forecasts of tolophono calls per 
tolophono. Tolophono usago per tolophono particularly toll 
usage—does not remain constant year by yoar, but varies with 
business activities, and is subject to other influences, so that in 
the advance planning of tho tolophono toll plant it is necessary to 
givo very careful study to the trend in tho usago per telephone, 
During tho past few years, and especially during the last one 
or two years, there lias been a marked trend upward in tho toll 
usage per telephone. Many influences, no doubt, have played 
a part in this greater usago of tho service. A feature of outstand¬ 
ing importance in this incroaso in toll usage lies, undoubtedly, in 
tho results secured through various improvements which have 
boon made in tho toll service. For example, transmission within, 
tho last fo\v years has been materially improved, It is easier 
to carry on intelligible conversation over tho circuits, and that, 
of course, has had an effect upon tho amount of toll business 
offered. In addition, tlio speed of handling the calls, and the 
convonionce with which tho call can be placed, has materially 

improved. * , 

Up to a yoar or so ago, for a long-distance call, the calling 
party had to give detail of tho call to the long-distance operator, 
hang up the receiver, and later be called back wlion the connec- 
tion was ready, or when a report on the call was obtained. Hus 
manner of handling a toll call required five or six minutes. . 

Todav bv giving tho number desired to the long-distance 
operator, the chances are about nine?to ten that the call wi _ e 
completed immediately and without the necessity of even hanging 
up tho receiver. Tho convenience of placing calls and t 
improved speed which this change has brought about lias an 
effect in stimulating tho number of toll calls offered. 

Another recent change of considerable importance in the 
handling of loll calls is the proportion of calls handled by the 
“exchange operator." When I say exchange operator I refer to 
those completing: connections from one te ephono to “jjjf 
tho same exchange* The easiest way of placing a. toll of 
tho party calling simply to givo the number of tho domed«U 
to tho exchange operator, in tho same m for “JJjJ 

connection. This method also produces tho fastest seiuce. 
For many year-s, large numbers of the toll ealls have been handled 
by this method but of recent years there have been development 
whioh greatly extended the range to wind, this most desirable 
of operating methotls can be appliod. 

l A I. E. E. .Tourkal, October, 1027, P. 094. 

• ■ , 2 *. A. I. E.*E. Journal, December, 1027, P. 1416 . 


One of the developments is the improved tandem system of 
routing toll calls, which hjr. Wheelook has described. The 
result is that today a very much larger proportion of the toll 
calls is handled by this method. Take, the exchange of 
Monterey; something like 48 per cent of all tlio toll calls originat¬ 
ing at this exchange are handled by the exchange operator; % 
whereas two or three years ago none of the toll calls was so 
handled. This improved method, therefore, has had application 
not only at tho large metropolitan exchanges but also at the small 
exchanges. * 

I think it might be said that, like the automobile industry, the 
telephone toll business is constantly producing a bigger and 
better service; and in the advance planning of the toll plant, it is * 
necessary to foresee the further improvements which wiU be 
made in the toll service and the effect these improvements will 
have on the volume of toll business offered and the size of the 
plant required. 


R, C. Barton: Mr. Chamberlin’s paper makes clear 
certain high lights of technic of the telephone business, and why 
universal and uniform telephone service is a natural objective. * 
As he has pointed out the value of the service to those who 
have it is increased by each addition to the system. Univorsal 
service, therefore, becomes a strong objective, He has indicated 
that the service must satisfy the party called as well as the calling 
party, so that service from the customer’s viewpoint is demanded, 4 
and that calls for uniformity and standardization, 

The paper brings out tliree important and distinctive charac¬ 
teristics of the telephone plant. One is that there is a very greltt 
multiplicity of lines and associated apparatus;, another, that 
each line must be electrically smooth and stable in its operation, 
and the third, that the character of the telephone plant is con¬ 
tinuously and rapidly changing. 

In regard to tins great multiplicity of lines exclusive use of the 
lines between parties is, to some extent, obviated in the toil- 
plant through tlue use of phantom circuits and carrier channels; 
however, Mr. Chamberlin’s description of tho San Francisco- 
Sacramento toll cable shows that multiplicity of lines is a strong 
characteristic of the telephone plant. This is more pronounced 
in the exchanges where the lines provided in one office district . 
may be of the order of 100,000 and the conductor footage of the 
order of hundreds of millions. . 

Stability and smoothness are required in the electrical charac¬ 
teristics of the lines because of the complicated wave pattern 
which must be faithfully transmitted. The effect of rapid change 
may be appreciated by considering the condition produced when 
it becomes necessary to throw all the wires on a 50- or bO-wire 
toll line into cable. _ 

These distinctive characteristics of the plant and of the 
service are largely responsible for tlio special engineering, con¬ 
struction and maintenance practises which are followed, in o 
telephone art. One of the practises whioh receives very special 
emphasis has been made the .key-note of Mr. Chamberlin a 
paper. It touches those activities which have to do with the 
study of the held of operations with respect to potential telephone 
development and the preparation of well matured plans, loo Icing 
far to tho future, to serve as a guide in the orderly placing or t e 

pUllt. , 

Now the nature of the problem also requires another land o 
advance preparation which takes the form of engineering, con¬ 
struction and maintenance handbooks. Those are prepared to 
relieve the engineers of much of the work they would have if 
each job were designed from the ground up at the time it « 
being planned. These handbooks also insure the orderly plac¬ 
ing of the plant in accordance with practises winch have teeeivet 
nation-wide study and application. , 
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It may be of interest to indicate something of the extremes to 
which it is desirable to go in such activities, 

As one illustration^ The Pacific System maintains a supply 
catalog which is available to all interested employees, and this 
catalog lists all materials, tools, and, apparatus used in the con¬ 
duct of their work. It is profusely illustrated and comprises 
about 500 letter-size pages, Among the items listed in this 
oatalog are the handbooks previously mentioned. There are 75 
• of these devoted to the subject of construction methods alone, 
and some 100 supplementary leaflets affecting these. The con¬ 
struction methods handbooks cover such subjects as pole-line 
placing, underground conduit construction, guying, aerial-cable 
placing, etc. To«the subject of aerial-cable placing alone, 120 
handbook pages are devoted. These are well illustrated, and 
this*book is typical of the others, Illustrative of the engineering 
•handbooks is one on pole-line design. With this book, the 
engineer may quickly and easily determine the class of pole to 
select for any set of conditions, such as service value of the line, 
wire and cable load, temperature, wind and sleet conditions, span 
length, etc. Illustrative of the maintenance handbooks is one 
devoted to pole-line replacement and reinforcement inspection, 
pfliis handbook prescribes the methods to be used in making 

# inspections and includes tables of minimum ground-line circum- 

• ferenco below which poles under the various conditions of load, 
service value, etc., are not permitted to go, 

I should like to endorse Mr. Chamberlin's remarks regarding 
the value of cost-comparison studies in engineering, and the value 
to the •student engineer of a fundamental knowledge of the 
•procedure in suoh studies. 

Making cost comparisons is a measurement process in which 
thg principal unit is the dollar. One of the great physicists— 
Lord Kelvin, I believe—has written: “When you can measure 
what you are talking about, you know something about it; and 
when you cannot measure it, when you cannot express it in 
numbers, your knowledge is of a meager and unsatisfactory 


companies. Mr, Chamberlin in bis paper has emphasized this 
fact, and the same thing is true of the power systom wliero there 
are certain elements of planning which are not electrical at all. 

The telephone companies were the pioneers in the making of 
development surveys and population studies which could bo 
used in advanced planning, A number of the power companies 
are falling in line with the same idea and finding population sur¬ 
veys in rapidly growing territory, like southern California, very 
useful, especially where yearly increases as high as 16 and 20 
per cent occur, 

J* E. Heller (communicated after adjournment): Air. 
Chamberlin has pointed out that the advance planning of 
telephone toll plant requires the coordinated off or t of sovorul 
departments, who, in turn, require specialists to solvo the prob¬ 
lems requiring their participation in the project. 

As indicated in the paper, open-wire carrior-eummt systoms 
and cable conductors may be used to provide long-distanoo 
communication circuits, The use of a given typo of facility 
lequires the determination of electrical as well as econo mio 
factors. After making allowance for the transmision losses of 
the trunking and local loop plant used at each terminal, it is 
electrically possible at the present time to talk with various 
facilities over the distances given below: 


Type of Facility 

Mi. 

104 Open-wire. 

.... rtfmo 

165 Open-wire.. 

. 6700 

19-Gage 2-wire cable circuits.... 

. 700 

16-Gage 2-wire cable circuits 


19-Gage 4-wire cable circuits,. 

.1500 


Smce a given circuit may bo used as a link in a long built-up 
connection, consideration must be given to the number of links 
involved and each link designed so that it may bo commoted 

.he 

overall length for a given grade of transmission will also bo 


. t - --J.UXOi|rlU^ blit! 

various quantities developed in a measuring process require all 
quantities to be expressed in like units. Fon example, in a 
space measurement, units of length may arise as inches, feet' 
*nd yards, and require all to he expressed as feet by the applica- 
Uon or Mutable conversion factors. Likewise, in measurements 
. where the dollar is the unit, it is required that before quantities 
“ ay be P ro Pe r Iy compared, they must be operated upon 
mT ^ lta J We oom ' ersion factors which will reduce all expendi- 

M™S m n StmentS SUCh aS flrstoosts - values, periodic 

payments future recoveries, and the like, to a common time 

basis. The laws governing the seUip of the postulates and the 

““r *- *"• 


_ a. , . . w •nwwwwBMm win also do 

afteoted by the amount of transmission loss allowed in tho termi¬ 
nating trunks and loops. Undoubtedly future developments will 
materially extend the length over which it is practicable to talk 
Viith the present types of conductors, 

Usually several plans are considered when a largo addition 
to a plant, such as a toll cable, is indicated. Preliminary studios 
require an approximate electrical design of tho circuits for nnnh 
Plan together with the cost of providing the 3 J faX Lort 
period of years. The preliminary studios together wSh oS 
basic data as presented by Mr. Chamberlin determine the p an 

sk it: ..*.. 


Bancroft Ghcrardh I was particularly interested in «,« 
nMiarks about inductive coordination, for, in the last five or six 

ssfpHiiPH 

the problenHs genemlly ^ United States ' 

1010 mutua * y 3Ei!*' md 

fact thatj tliere°are certain ^ oalled attention to the 
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sepeater stations, and tho equipment to ho n n T ^ ° 
station from year to year. t0 L ° P,ftcod ttt Gaoh 
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it is necessary to rearrange the wires bv tranaLJfi ? ! ad 

the interference between sysZ . T “It 
arrangement makes use of alternate orossarms WIH.n • 

tsssr li * 

The single-channel system •develnr^rT , 
may be placed on the flat phantom groups oricHaeenf 10 ^ 
since the interference between systems of ^osnavms 

that between multi-channel systems winch* Jr? 6 “ los ?. than 
frequency range. Jll<3 - ocou Py a higher 
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COUPLING CAPACITORS FOR CARRIER-CURRENT ( 
COMMUNICATION OVER POWER LINES 1 s 

(Belt) 

Bel Monte, Cai,., September 14, 1927 c 

Eh H* S tauffacher* Pig. 5 shows the installation of the t 
tank-typo of coupling capacitors at‘the Laguna-Bell Substation c 
of the Southern California Edison Company, There is a similar 
installation at Big Creek No. 3 which totals four units of capac¬ 
itors for the system, In both of the stations the units are 
connected to ono of the two 220-kv« busses. This equipment 
has boon in service for about a year and has been thoroughly 
satisfactory in its performance, There woesome apprehension 
at first as to whether or not it was advisable to connect a new 
and untried piece of equipment to the 220-kv. bus but our experi¬ 
ence allows^ that it is as reliable as any other apparatus designed 
for tho same operating voltage. Yon can see that it gives a much 
moro finished and workmanlike job than is possible with over¬ 
head wiro coupling. It is of interest to note tho statement 
regarding the effectiveness of coupling where tho coupling wires 
are credited with a 7 per cent effectiveness of coupling while tho 
offeotivonoss of the coupling capacitors is rated somewhere 
* between 80 and 100 per conk 

Tho cable coupling capacitor lias not boon used on our 220-kv, 
lino and wo have no experience to relate concerning it. IIow- ^ 
over, for voltages lying between 60 kv. and 164 kv., it should 
provo to be a means of making an offoetivo and compact coupling. 
Win* Oubllicr (by lottor): I should like to point out cortain 
facts concerning condensers for high-voltage operations: 

There is no question os to the superiority of mica .as a dielec¬ 
tric in a oondensor over any other dielectric at present available. 

It must be remembered that mica is the only dielectric known 
whioh does not deteriorate with time, under electrostatic 
pressures. 

Mica condense^ are so constructed that the potentials are 
subdivided in such a way that individual units carry 1000 volts 
or loss; tkoroforo, tho high-voltage problems, such as ionization 
in tho condonsor unit, corona effects and other difficulties that 
may bo dovolopod duo to impurities of artificial dieleotno 
material, as used in cables and porcelain, arc not present with 
mica. 

For tho purpose of oarrior-wave coupling, tho mica condenser 
lias boon standardized in units of 22,000 volts. For higher 
voltages a number of those units are connected in senes, elimi¬ 
nating tlio uso of extremely high-voltage insulators necessary 
with all other types. 

Moreover, this unit oonstruotion permits keeping only one or 
two units as spares, requiring considerably less investment, ns 
ooraparod to tho typos where tho oondensor unit is designed for 

lino voltngo. * 

Conditions in Europe, especially In territories surrounding 
Switzerland, aro muoh moro severe than are generally experienced 
in this country, and tho electric railroads and power supply 
companies (such, for instance, as the Chemins du fer Du Midi) 
have been experimenting for many years with every known 
insulating material, and have finally adopted mica condensers 
as tho most suitable in practically all of tlieir installations operat¬ 
ing at 60,000 volts. These capaoitors have now been operating 

with great satisfaction for several years. 

A carrier-wave, coupling condenser developed in this country 
is drown in the .accompanying Fig. 1. The four separate urn s 
aro clearly seen mounted on top of each other. Such an instal¬ 
lation would be suitable for 88,000 volts; for higher voltages units 
might be added, ono for each 22,000 volts. 

Fig. 2, herewith, shows an actual installation at the Sunnyside 
Substation, Ohio Power Company, Canton, Ohio, one of the 
properties of the American Gas 0 Electric* Company, insta ed 
on thoir 132,000-vol*t oirduit between Canton, Ohio, and Philo, 

1. A. I. E~. B. October 1027, p. 1051, , 


Ohio, March, 1926, This installation consists of two columns, 
six 22,000-volt units in series per phase. 

A number of installations of this nature arqat present scattered 
over tho country, and so far tho results have fully justified the 
theoretical considerations which have led to the choice of mica 
condensers in preference to other types. Some of the installa- 



Fig. 1—Mica-type Coupling Condenser 
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pi Gi 2 —Coupling Condensers on 132-Kv. Line 

Sunnyside Substation. Ohio Power Co., Canton. Ol.lo, one of tho propor- 
tios of the American Gas and Electric Co; Installed on thoU- 132 , 000 -volte 
circuit between Canton. Ohio and Philo, Ohio. March 1925. . Tins installa¬ 
tion consists of two columns, six 22,000-volt units in sorics per phase. 

* 

tions have been in continuous use for about three years, and as 
the carrier-wave connecting system is the link whioh must be as 
nearly trouble-proof as possible, it is interesting to-note that the 
majority of the installations have had no trouble whatever, while 
in other coses the trouble has been due to lightning strokes. 

Philip Sporn (by letter): Mr. Belt has touched upon the 
question of the increased use of coupling oapacitors as agawBt 
coupling wires and has stressed, os a reason for that, the fact that 
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capacitors have greater effectiveness. I should like to point out 
however, that while effectiveness lias undoubtedly a considerable 
amount to do with their increasing use, there is another factor 
which he has failed to point out. This factor has to do with 
lightning and whilo lightning is perhaps a subject that does not 
give much serious trouble in California, in the east and in the 
mid-west it is a subject that gives us many a sleepless night. 

Tho work of Peek and others has shown that the ground wire 
* is decidedly useful and very often an almost necessary part of a 
transmission line where lightning is much of a factor. The 
klydonograph work carried on by the various companies in the 
last two years lias strengthened that viewpoint. However, 
whereas a grouncf wire is important on tho line itself, it becomes 
doubly so at tho two terminals of tlie line where apparatus has 
$ to be taken care of. Now what has been the practise with regard 
to coupling wires? In places where the line has been designed 
for orie or two ground wires, the invariable practise has been to 
tako tfio last four or five spans of the ground wire, insulate it, 
and use it as coupling conductor. Prom the standpoint of the 
coupling wiro, this seemed the logical thing to do, but from tlie 
standpoint of the line as a whole, it was decidedly tho wrong 
thing. The result, of course, was to give a line with a rising 

• f ur £ e impedance at the two ends and the consequent increment 
in tlie steepness of any wave front as it approached the station. ■ 
This is the reverse of the ideal aimed for, namely tho decreasing 
impedance at the two ends. Viewed in this light, the decision 
between tho coupling wires and coupling condensers is not very 

* difficult. We have something like 22 carrier installations on our 
132-kv, system amj this involves coupling to approximately 
34 different lines practically all of which are made through 
coupling capacitors. In the vast majority of cases the decision 
to go to coupling capacitors was influenced to a considerable 
dogree by tho considerations outlined above, 

Prom the data on impulse strength of the various types out¬ 
lined by Mr. Belt, it would appear that the tank type would be 
th» most ideal capacitor. Unfortunately, however, it has the 
drawback that it is also the most expensive one. Looldng for 
the next best, we And that for a given rating, the mica and oil- 
filled cable types have about the same impulse'strength but the 
impulse ratios are decidedly different. It would appear there¬ 
fore that the mica, if it could have 60-oycle flashover value cut 
down without affecting its impulse flashover, might very well 
compote with the cable type. In this respect, however, the 
general characteristics of tho mica are not sufficiently well known 
and^t would seem decidedly worth while to have more work done 
on tho subject, particularly as in the present stage mica, from a 
standpoint of cost, would be decidedly the choice over cable. 

£* tho porcokia-type condenser (a type not discussed 

by Mr. Bolt), tins condenser utilizes materials that have been 
longest Vnown and tried in the electrical circuit but in tlie present 
stage of development it certainly does not look as if it is ready 

Mn« uv V yat0 ,'? standavds of safety are demanded. 

More \vork ought to be done on it. 

T. A. E. Belt, Very complete tests at 60 cycles and impulse 

25 * !° ° he0k rr imentaUy tlle etoetrioal strength 
M. the cable-type and latk-type capacitors. Therefore 

^«L^ Uff i Cher . t0 ° k HWl0 chaaoe in «mneoting the tank-type 
capacitors directly to tho bus at Laguna Bell and Big Creek No 3. 

Mioa is a good dielectric for certain applications, but it has an 

oJtTn'w “r 0 Characteristio which Mr. Dubilier did not bring 

steei wav-olrenf' 0111 tllG pr0perty of breaking down on 

n! f - ^’ Slw „ h fts hghtiling, at a lower value of potential 
than its maximum fiO-cwcl© breakdown 

t0 Hghtning y o» 6 tage s a 

- " 

American practise h«|‘not followed European 


practise, owing to the fact that operating requirements in this 
country are different from those in Europe and greater reliability 
is required. 

I wish to acknowledge the help givon by L, V. Brnvloy of tho 
High-Voltage Bushing Department of tho Gonoral ftlootlrio 
Company in the preparation of this paper. I also wish to statu 
that the development of tho cable-type coupling capacitor rvas 
carried out in cooperation with that department. 

A CARRIER-CURRENT PILOT SYSTEM OP 1 
TRANSMISSION LINE PROTECTION' 

(Fitzgerald) 

Dei, Monte, Cal., September 14, 1027 
E. R. Stauffacheri This novel and offootivo system of trans¬ 
mission-line protection offers groat promiso for linos operating at 
high voltage with a long-distaneo botwoon stations. 

It was my privilege last March to witness some of the tests of 
this equipment on the Ohio Power Company’s system in tho 
section of tho system locatod near Zauosvillo and he tween 
the substations known as Nowmark and Orooksvilln. This 
carrier-current pilot system of protection was applied to a , 
66-lcv. line between tho above stations and tho stations were 
separated a distance of 35 mi. Tho tests woro mado on a rainy 
Sunday, and fourteen tests in all woro mado by moans of putting 
short circuits within tho section protootod, and oxtorior to tho 
section protected. Tho short circuits woro phaso-lo-plioso and 
phase-to-ground. Thero was, with possibly one exception, suc¬ 
cessful operation in all oases. When tho short circuits worn 
applied exterior to the section protected, the oarrior-ourront 
system of protection kept this section in sorrieo; whem tho short 
circuit was within the section protootod it eliminated this section 
and the short circuit promptly from tho systom. 

One of the tests was particularly outstanding,--Tost No. 6. 
11ns was a phase-to-phase short oircuit botwutfn phases X and 2, 
was exterior to tho section protootod, and was rather sovoro, 
the current from one side of the systom being 285 amperes, at 00 
v., and from another side 1785 amperes at 06 kv. Tho total 
amounts to a short circuit of about 230,000 kv-a. 

tJ hi !m th . atiS U °- S ° gr ° at fts may bo °ncountorod on this sya- 
n, stiU it is a sizable short circuit and for that particular 
system was enougii to result in a very heavy jolt. It was quite 
mterestmg to notice the swaying or oscillation of tlm system for 

abmi? in C ° nd f ftft0r th ° 3ll ° rfc ch ’ ouifc occun ' od ' I boliovo that 
bout 10 swajmgs wero observed, swinging back and forth on 

!LoTb ’ T her6 th0l,8ftnds of Wyatts wero being oxoiiangod 
P''°teoted by this oarrior-ourront protective 
Sp , 1, SG romainod intao11 «d stayed in sorvioo, 

rclav^m'm'i 1 n'T r n a V6ry SGVG1 ' G tesli for any diroolional- 
stayed in, for the current was sUciently glmftobXafoS 

s? r rsr ita 

'tzi T“ ,*? - 

it looks as if there was somethin? t n h obsorvatlon of H'O tests 
The author informs me tlmt iho 1™* f **r * «Dood. 

creased appreciably bv tlm ™,i , . c ^ operation can bo in- 

tinuous excitation of tlie plate. ^ ° f * ? flIiwn<mfc and oon- 

- iTX’srte of tho fliamont 

per cent ligating of the filament tt •' ^ mGa ns of 100 

necessary to balance the life of the tuSr \T° w,10l ’° '<> fa 

extra speed in eliminating IttetefrlT ^ Io * 

Wfla. tt. rftoMon o,..Z tt. wttTliS 

1- A. X. e, E, Journal, October, 1027, p. 1015, 
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out making the system unstable, is largely dependent upon speed c 
and my only suggestion to the manufacturers is that they do all i 
they can to speed up operation of this very unique system of 1 
differential protection. 

Roy Wilkins (by letter); In protection against line faults c 
there are two major conditions; e 

1st r Whore the short-circuit current, either between the phases \ 
or from phase to ground, is several times the normal load current, < 

such as is found in distribution systems in metropolitan areas. ] 

2nd: Where tlio short-circuit currents are comparable to, or < 
less than, the normal current in the line. Such conditions apply j 
to high-voltage transmission lines, particularly with regard to < 
current from phase to ground, the case most common in practise. 

The paper by Mr. Fitzgerald presents a method beautifully 
simple for- applying differential protection to transmission lines. 
Differential protection has been developed to its highest per¬ 
fection in England, and a general study of the English methods, 
difficulties and results is valuable to anyone interested in relays. 

I should liko to point out from a practical standpoint some of 
the difficulties that will be encountered before the carrier-current 
pilot system can be universally applied to large high-voltage 
networks. Judging from considerable carrier-current experience 
with all available present-day makes on extreme high-voltage 
lines it can ho stated that at present existing relay systems are * 
far moro roliablo than carrier-current installations. 

In view of its extra cost, the carrier-current installation 
to be desirable must give superior performance. Some moans 
must bo scoured to eliminate the phase-relation troubles men¬ 
tioned in the paper, because tlio charging current on a 200-mi. 
220-lcv. line is often half as great as full-load current, and at low 
or medium loads may be moro than the in-phase current at either 
end of the lino, depending on operating conditions. 

It is a perfectly practical condition to have more than 45 dog. 
between such currents for normal conditions. Lower-voltage 
networks have relatively little of such troubles. 

Another difficulty is that the current in phase-to-ground short 
circuits greatly varies in power factor, depending upon the 
location and character of the trouble. 

Relays at present in use for ground protection are so connected 
as to trip in a givou direction selectively on as low as sec. and 
on the Pacific Gas & Electric system of some 5000 mi. of line, 
00-kv. and above, last year, for over 1500 operations, there was 
no indication of a faulty operation of a ground relay. 

Phase relays depending upon combinations of vpltage and cur¬ 
rent do not present nearly so clean-cut a record. 

Finally, the operating time must come down from the present 
standards,—a very great way down,—as a perusal of several of 

the high-tension papers presented will show. 

Differential protection is one of the most desirable torms 
known, and outside the various split conductors and enclosed 
pilot wires used on low tension, the carrier system is the initial 
attempt to adapt it to high tension. It is to be hoped that it 
can bo developed to overcome most, if not all, of its present 
limitations, 

Philip Sporn (by letter): As pointed out by Mr. Fitzgerald, 
the differential method of protection of generator and trans¬ 
former windings has become almost universal and is the only 
standard and proper method of protecting these important pieces 
of equipment. The .use of the differential circuit in protecting 
buses has also comp very prominently to the foreground within 
the last four or five years. Abroad, the differential scheme has 
boon employed to protect transmission lines but it has never 
found very much* favor hero and in the main I believe this 
instinctive engineering act, if you wish to call it that, has been 
fully justified. If a, pilot line is made more reliable than the 
transmission line, and it must be that to*stand up under con¬ 
ditions that would causa the breakdown of the transmission line, 
then the cost involved becomes so great that economically it 
• becomes prohibitive. If it is not to be built with the same. 


degree of reliability then it is of no use to go to the scheme. The 
use of carrier eliminates the main reason why the pilot scheme 
has not found favor here up till now, • 

To those of us who have had actual experience in trying to 
obtain selective action on a loop involving four or five, and 
sometimes six, stations, by the use of reverse-power and induc¬ 
tion-type relays only, and who have actually been trying to 
obtain another 10 cycles differential between two stations, and 
have known the disappointment that goes with chasing through ■ 
a set of relay time settings only to find at the very end that there 
is one condition under which the apparently perfect set of 
settings would not work, the idea of getting a metlioc^of cutting 
down by one or two, the number of stations tkatVould have to be 
made so to differentiate will certainly be welcome. 

It is hoped that actual operating experience will bear out* all 
the fond hopes that we have for this scheme. On this, as well • 
as on the question of tests referred to by Mr- Fitzgerald, wo ♦may 
have something to place before the Institute within the next 
year or so. 

One other aspect of the differential schome of protection that , 
ought to be pointed out is the lightning aspect. # 

Operating experience obtained within the last four or five years 
on systems where, under conditions of short circuit or flashover, # 

* currents in the neighborhood of 3000 to 5000 amperes can be « 
pumped into the point of flashover on a transmission wire, 1ms 
definitely shown that if the trouble is cleared within a certain 
minimum time, little burning, if any, will result. I think it can 
be definitely stated that on systems such as mentioned, *if this 
time is kept below 1 to IK see. 110 trouble need be anticipated. * 
Further, if the time is made as high as 3K sec., trouble is to be 
expected almost always. Now here is an arrangement that in*a 
loop system allows the clearing of a case of trouble within a 
period say of V 2 to 2 / 3 see. The contribution of such a device 
to continuity of service, if it develops satisfactorily, is bound to 
bo enormous. 

L. F. Fullers A protective gap is placed around the carrier- 
current trap so that surges on the transmission line will not pass 
through the trap but will jump the small gap and pass on. This 
gap is not shown in Figs. 2 and 11 of the paper, 

A. S. Fitzgerald: Mr. Stauffaohor has made reference to the 
speed of operation of this form of protective apparatus. In the. 
first trial installation of this system no especial effort was 
directed toward attaining any great speed of tripping. We • 
concerned ourselves mainly with an investigation of the oper¬ 
ating characteristics of carrier current in this now field °£ 

application. . 

As Mr, Stauffacher indicates, the speed of tripping ot tins 
apparatus is not limited to the half-second mentioned in the 
paper, where reference was made to a circuit in which the over- 
current relays, which initiate the operation of the carrier-current 
equipment/wero connected so as to control the filament woltage. 

Substantial reduction in time can be obtained if, instead, 
we connect these relays so that they eompleto the plate-voitago 
circuit instead of the filament supply. This is now being done 
in the case of the equipment which, tho paper describes. The 
filaments are run continuously, \mt since the -plate voltage is 
not normally applied to the tube, no emission can take place 
except when the protective equipment is actually brought mt% 
operation. The life of the tubes, of course, depends largely 
upon the length of time during which, there is emission from the 

filaments. * 

Mr Wilkins restricts his remarks to the conditions winch 
are encountered when this system is applied to very high-voltage 
lines. It is assumed that he lias principally m mind systems 
operating at 220 kv. ... 

Mr Wilkins entertains some doubt as to tlie reliability of 
! carrier-current equipment. The number of om.-ier-ci.rreut 

• communication installations now in service m tho United States 
> on systems up to 132 lev.,must exceed 200, and this figure surely 


• • 


t • 
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;:s!/^suggests that a high order of reliability has been attained. The 
amount of carrier-current equipment at present installed on 
220-kv. lines does not seem sufficient for final conclusions to be 
drawn as to the results which can be obtained at this voltage. 
Mr. Wilkins will also appreciate that the function which the 
carrier current is called upon to perform, is, in the present 
application, very much simpler than that necessary in the case 
m car rier-ourrent telephony. There is no question of calling, 
nor are there any problems of modulation. Furthermore, the 
transmission of carrier is restricted to the simplest case of a 
single length of line instead of having to carry right across a 
complicated network, 

The author flifds himself in agreement with Mr. Willdns when 
he points out that the application of carrier-current protection 
• t0 2 2 °-kv. circuits will involve the consideration of conditions not 
met with at lower pressures, and especially in respect to his 
remarks on the advantages of ground relays in comparison with 
phase* relays. It is not unlikely that the ultimate solution will 
be found m a carrier-current system envisaging ground faults 
principally, if not exclusively. 

. The question of current-phase relation is, perhaps, rather 
too involved to discuss through the present medium but it may 

* be pointed out that the-curve given in Fig, 10 is the re- 
suit of specific design based upon an estimate of the probable- 
general condition. It is possible to furnish different character- 
istics ir circumstances should require them. 

The author shares with Mr. Sporn the hope that this system 

» raay lllUm!Uely prove ‘o be a real help in the operation of large 
power systems. . 
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SYNCHRONOUS CONDENSERS 1 

(Alger) 

_ ^ EL Monte, Cal,, September 15, 1927 
. H. Parki Usually, synchronous condensers are purchased 
tor power factor correction and voltage regulation. It is some- 
tiyies desirable, however, to purchase additional condenser 
capacity in order to secure greater stability either in steady opera¬ 
tion, _ or during transient periods of instability, such as are 
occasioned by short circuits and sudden load changes. 

° f , a eondens01-10 improve stability under steady 
•conditions depends upon the values of its synchronous and tran¬ 
sient reactances, although the relative importance of these two 
has not yet been convincingly established. It also depends upon 
the type of voltage regulator employed and on the speed of re¬ 
sponse of its exciter. 

. ^ the othor hand, the ability of a condenser to improve 
stability during system transients occasioned by short circuits 

“ '“i*»»»»»* oi m, »iT h T» 

condenser can supply to the system, and thus by the transient 
reaotance and the speed with which the excitation system oan 
TOiy the condenser field voltage over a wide range. If j n . 
sufficient range of exciter voltage is available, the advantage 
effecting the available voltage change quickly will 

Thus, where stability considerations are important, it may be 
desirable to provide an excithr-of considerably greaier volge 
range than for normal application. Also, it may be desiraWe 
to use special condensers designed for low transient reactant 
rsbou d Idee to ask Mr. Alger, therefore, which is economically 
more desirable, to seoure low transient reaotance by a special 
Resign of condenser, or by using a standard condenser of larger 

.»?. W. Smith: Mr. Alger has brought out some interesting 
svnchmT considerations in the design and operation of 

A tim6ly plea has a,so bee “ made for 
standard,zatlon of requirements and characteristics which affect 

esign proportions. Standardization is, of course, desirable in 

, Tt 8 “ a T atUS ’ bUt f ° r 0hvi0Us reasons ’ synchronous 
i. A, i. E, EvournAl, Dec^nbor, 102 /, p 1330 

* : : " •• * ' .V * # 


condensers probably offer more possibilities in this respect than 
any other large rotating apparatus. Considerable movement in 
this direction can be made without impairing the quality of 
the apparatus, and which mil result in benefits to both the 
operating companies and the manufacturers. r * 

mos 7lfZF Vl ° n ™ USUftliy Sh ° wn that the variabl0 having 

.,„ in otl a y ncb ronous-eondenser design proportions, is the 
latio of lagging to loading kv-a. capacity. Mr. Alger has pro- 

c n n! d 't Se 7 ra meth ? ds for obtaining increased lagging kv-a. 
P , 1 / fr °m machines of standard proportions. All of these 

2 m T be aPPh6d in Speoial eases > but tho US0 of suitable 
otors is about tiie only method proposed that can be offered 

as a genera application. It seems doubtful if even this method 
can be applied economically in most cases. It has been noted 
«n no ifi W i lere ^ g ° peroontages of lagging kv-a.. capacity are 
nsuniiv 1 ’ ma ° lm ® s of special and abnormal proportions have 
ually been supplied after all conditions were considered. This 

wldeh are comparatively expensive and inefficient. 
Every effort should, therefore, bo made to keep the requirement 
toi lagging capacity down as close to 50 per cent of the leading 
tv-a. capacity as possible. Tliis consideration should be kept . 

mind m the operation and layout of power system as far as 
economic considerations will permit 

P. L. Alder. Answering Mr. Park's inquiry, I believe that 
the m° st eeonomica way to secure abnormally low transient 
actauce in a synchronous condenser is to use an oversized 
c me with a standard field, but a special armature. The 

L° r ,, C6 f 1 reactan , ce is nearly tho same f °r all standard machines, 
so that by merely using the next larger, standard rating, a pro- 

Wcrm ease m reaotance is secured. However, tills 
aiger maclime will have more armature copper and larger slots, 
an are necessary for the new rating, and so a further reduction 
the per cent transient reactance can be secured by using a 
special armature winding with shallower slots) The saving in 
cost of copper and insulation here will more than offset tho cost 3 
of the special features. By these means, the transient reactance 
can be reduced about 10 por cent faster than the corresponding 

“ rr 8d - By ushlg field poles ' Sorter anf 

arrow or than standard, additional gains could bo made, but at 

greatei expense, and with a greater loss of effioienoy, 

STATIC STABILITY LIMITS AND THE INTERMEDIATE 
CONDENSER STATION 1 

♦ (Evans and Wagner) 
p Monte, Cal., September 15, 1927 

** f f erm “ n ' n illustration that indicates the thorough- 
ness of the authors of this paper is their discovery of the fallacy 
the classical belief that the maximum angle of stable operation 
“ 18 ha aa f of maximum power of transmission 

slLhf? ^ thC a r!,° 13 a htt 6 glmter ' Permitting stable operation 
lightly beyond the point of maximum power. The difference 
between the old and the correct belief is not great, but its dis¬ 
covery was a real achievement. 

One of the most uncertain factors in stability computations is 

t° m rr i ° ° f the l0ad under chaage of voltage. Some 
invest,gators have assumed a load that drew constant flower and 

motoHnadT' 6r M the ,. load l voltago cbanged (approximated by a 
motor load), while others have'assumed that the load was such 

as to maintain the load voltage constant at all times (equivalent 

oapadtvT n Th a T*'™* symbronous «°P<i8user of infinite 
oapaoity.) The former assumption gives computed results 

worse than are actually to be expected, and the latter leads to an 
optimistic result, considerably better than ban be realized in 
practise. The actual load is one that allows the voltage to drop 

otZlotlt rT’ ftDd ’1 ‘'f 6 VoItagedroP ' S - the P°'verdemands 
the load become Jess, and the power factor of the load improves 

The power does not drop as fast'as it would with a load consisting 

of an admitt ance of constant value, so that the admittance-load 


1. A, I, E. E. OouRNAL r jDocomber t 1027 , p. 1423^ 
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characteristic used by the authors is a correct assumption only 
in so far as the improvement of the power factor of the actual 
load can bo considered as off-setting the less favorable power 
characteristic of the real load.. When the voltage fluctuation is 
small it is likely that a constant-admittance load would give 
about the same result as a practical load, but for large fluctua¬ 
tions, as 25 per cent, this almost certainly would not be the case. 

Actually, we don't know much regarding the reactive and real 
power drawn by the load when the voltage is suddenly changed, 

I should like to see some of the power people make tests, such as 
dropping tho voltage at a distributing center first by 5 per cent, 
then 10 per cent, and so on, noting the change of power and power 
factor caused by each drop. Such information would be in¬ 
valuable for stability studies, and could be obtained without 
creating an appreciable disturbance to service. At present 
we can got correct results for the conditions assumed, hut we 
have very little idea how correct our assumptions are. 

In applying the results of the paper to present transmission 
practise several points must be kept in mind. The results pre¬ 
sented in Fig. 21, giving the effect of a midpoint condenser on 
tho power limits neglect charging current, which is an important 
factor on lines over 200 mi. in length. In interpreting this figure, 
ono must also remember that it is only the lower curves that apply 
to ordinary conditions. This is because the ratio of voltage at 
tho midpoint of the line to the internal voltage of the generator 
(not terminal voltage) is normally less than unity. Boosting 
the midpoint voltage abnormally high by the use of a condenser 
is in effect increasing tho average transmission voltage and this 
will obviously raise the power limit. The intermediate condenser 
when used to make the midpoint voltage higher than the terminal 
voltages will give the large increase in power limit shown by Fig. 
21 in the upper curves, but this is gained at the expense of a 
poor voltage distribution along the line, and in a large measure 
could be obtained by the alternative method of omitting the 
condojisor and raising the terminal voltages a little, thus keeping 
a flat voltage distribution. Such a flat distribution would not 
put as high a voltage on the midpoint of the line as would be 
present when tho synchronous condensers were used. 

Figs, 22 and 23 have been computed for an actual transmission 
line that has charging current, and indicate that a large inter¬ 
mediate condenser is required to raise the stability limit very 
much. An ordinary condenser has around 100 per cent syn¬ 
chronous reactance (i. e. t sustained short-circuit current equals 
full-load current). On the basis of this, the curve marked 100 
por cent reactance represents an installed capacity of 100,000 
kv-a, and the 25 per cent reactance curve represents 400,000- 
kv-a. installed capacity. An inspection of Figs, 22 and 23 
indicates that an intermediate condenser in the order of hundreds 
of thousands of kv-a. is required to give large increases m the 
power that can be transmitted over the line, 

Even with the use of large condensers, the gains that could be 
expected on an actual transmission system would be much less 
than indicated in Figs. 22 and 23 because these figures are based 
on tho assumption of infinite-capacity bus at the receiver. An 
infinite bus is one which will keep its voltage absolutely constant 
during all.kinds of system troubles, and no actutiUbus comes 
anywhere near being an infinite bus. Dr, Bush and Mr, Booth 
made some computations which showed that condenser equip¬ 
ment giving about 40 per cent increase in limit under the assump¬ 
tion of infinite tfus at the receiver, would give less than half 
of this gain in power limit with a finite bus approaching ordinary 
characteristics, There is a largo difference between the actual 
finite bus and tlie theoretical infinite bus of the curves, 

To sum up the situation, it is evident that this paper indicates 
that the increase of power limit that can be obtained # by the use 
of intermediate synchronous condensers of»usual characteristics 
is small unless the hitermediate condenser has a capacity of at 
least 100,000 kv-a. and preferably two to four times this amount. 

* 2. Transactions A. I. F. E., 1024, p. 72, 


Using standard condensers of 400,000 lcv-a. capacity the increase 
in power limits with a finite receiver bus would probably he less 
than 40 per cent. 

This is a discouragingly small gain for the price it costs. It 
seems that in all probability «the next step lies in the development 
of low-impedance condensers used in conjunction with quick- 
excitation systems, A 100,000-kv-a, condenser having 10 per 
cent leakage reactance with an instantaneously acting exciting 
system would give the same increase of limits as a 1,000,000-kv-a. 
condenser of present standard type with the usual excitation 
speed. Such a condenser at the midpoint, with another at the 
receiving bus, would do wonders toward increasmg*tlie power 
limit of a transmission system. A condenser ot this type at the 
receiver would give tho practical equivalent of an infinite bus, 
and one at the midpoint would be substantially equivalent to a ^ 
condenser of zero reactance. Fig. 23 shows that the gains would 
he very substantial. * 

R. D. Evans: With reference to Dr. Terman’s discussion 
regarding the maximum angle for which systems arc stable we 
did not wish to emphasize the point unduly because for commer- < 
cial systems the increase is not very marked. However, wliep 
several synchronous machines are being considered it is very 
important to have the right type of limit. In this connection • 
*it may be observed that the maximum delivered power will in 
general occur for an angle less than the maximum stable angle; 
so that for practical calculations of power systems, the methods 
commonly in use are, according to our views, correct. ^ 

With respect to the discussion on the characteristics of the 
loads, we feel considerably more optimistic^than Dr. Term an. 

We have made tests on our shop system in order to determine the 
variation of real power and reactive power for changes^ in the 
supply voltage and have found that the methods described in 
the paper apply. Also we have taken a number of power- 
company systems and segregated the load into relatively small 
units and studied their characteristics. We have found their 
variation of real power and reactive power with respect to voltage 
and combined them, and obtained the results described in Figs. 6 
and 7. Finally, we have taken a static load, one of constant 
impedance, and analyzed it from a theoretical standpoint, con¬ 
sidering the variation in real power and reactive power, with 
angle and voltage as worked out in Appendix II of the paper,. 
For these conditions also the check was very good. Of course 
all who are interested in the theoretical calculations would wel- • 
come any land of test which would give the fundamental experi¬ 
mental data on this subject. * ■ 

With respect to tho curves showing the increase in power, I 
wish to emphasize the point, that tho curves have been plotted 
on a conservative basis. For example, the condensers were not 
located at the theoretically most advantageous point/, but were 
placed at the middle of the line regardless of the effect of the 
terminal equipment. The curves for 220 lev. and 110 lev., 
plotted in Figs. 15 and 18, are based on constant voltage on tho 
high-voltage side, and no attempt was made to take advantage of 
any over-voltage. 5 

There is another phase of this problem with respect to the 
static limits, which is important: ’The method and calculations 
as presented apply directly only to the limits that obtain with^ 
fixed excitation of the machines. It has been demonstrated* 
that quick-response excitation systems under the control of 
suitable regulators will increase the loads which can be carried. 
This was first pointed out by E. B. Shand and first experimentally 
verified during 1925 by the authors of the present paper, We 
wish to make it clear that we have not included in the figures 
given in. this paper any advantage which will accrue as a result of 
quick-response excitation systems. 

P. L* Alder: There are two points in this paper that I wish to 
discuss. In the first place, the authors have concluded that 
under certain conditions, stability of a transmission line can be 
• maintained beyond the impedance jingle, and tl^ exact limiting 




i 

• * 


• i 












50 


angle up to which stability can be maintained, depends upon the 
relative inertias of the sending and receiving-end machines. 

, .I s G0nclus ^n seSms to be unreasonable, as the static stability 
limit is reached when the machines pull out of step so slowly that 
inertia effects should be negligible. What the authors have 
shown is that when the angle of maximum power is reached, 
and passed, the motor begins to slow down, the line current 
„ and the generator also slows down until such time as 

the governor of the generator prime mover operates. If the 
generator inertia is sufficiently small, it will obviously retard 
taster than the motor, and the two ends of the line will stay in 
step at first. On the ninth page, the authors say—'“The system 
as a whole will Fetard, reducing the frequency, but this will bo 
taken care of by the automatic governors.” 

• T 1 l10 f aIla °y in saying that the machines are stable beyond the 

angle of maximum power, lies in the assumption that the governor 
is able to reaeeelerate the motor after it onee has begun to slow 
down What actually happens is that the motor and generator 
retard together until they have acquired an appreciably lower 
velocity than normal, and then the governor feeds more power 
io the prune mover, and the system breaks apart, The ad¬ 
dition power reaccelerates the generator, and supplies ad- 
. ditional power to the line, but this extra power is dissipated in 
extra copper losses, and the actual power received by the motor, 
ecreases, As the motor will not reaeeelerate until it receives 
more than the power it had when it went out of step, and as it is 
impossible for the line to deliver more than the amount' of power 
• If t lcl when the motor began to slow down, the motor can never 
be restored to speed, and so the system is unstable. 

!lUt r° ra Sbown that wheu * system becomes - 
masUWe, the sending and receiving ends may stay in step while 

retarding up to tile time the governor operates, instead of falling 
out of step immediately, as might have been thought. This 
cone!"sum is interesting, but is of no practical importance. 

of tlm « S rM v d P i >,nt ^ 1 shouId Iilce to llrin s out is the matter 
V 9 » d diti°nal condenser capacity required in order to secure a 

Thia ’r n Hn f 0n M' i am ' Jl ,^ t ° f ° V6r a transmission line. 

This ratio of additional kv-a. of installed condenser capacity to 

additional lav output obtainable is the fundamental factor that 

.staS'rV^ 6 ' 6, rV he S “ h01U6 ° f an hitormediate condenser 
' station is or is not of practical economic importance. >; • . 

1 of the paper presents curves showing the additiom.1 
percentage output obtainable by using intermediate condensers 
assuming a transmission line without resistance and SoS 
, charging current. On this ideal basis they show that about 50 
per cent additional kw, can be sent over a line by Hiis means 
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I calculate that this result is obtained by adding 200 per cent of 
the original line capacity in condensers. Or in orderToTl" n , f 

4 kw. of condenser capacity. Under the different assumptions 
used in Fig. 22; .approximately, the same ratio is shown. ? Here 
the authors have assumed no line losses, an infinite bus at the 
.receiver a very low generator reactance, and they havenot 

ss^sjssr , ' iow " 1 ,or ass? 

sarjs 

times as much condenser capacity as there is obtained additional 
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this important problem, and that their paper will bo of great value 

as a-basis for further study. b 10 

R. D. Evans, The question of, the limiting stable angle is 
quite involved. The criterion selected was that the system bo 
forcibly displaced slightly from the normal condition for wbieb 
the mathematical solution of the voltage, power and circuit 
coiid.t.ons were satisfied. In order to determine whether or 
no ie system pulls out at that point one must consider the 
transient and on account of the inertia and electrical loads one 
end tends, to move more rapidly than the other. The possibility 
concerning winch Mr. Alger is doubtful, (if I understand him 
correctly) is the fact that if the angle is increased slightly the 
machine that is loading may tend to slow down more rapidly 
and therefore to stay in step. 1 y 

Concerning the question as to the effect of the. governor 
it is necessary only to point out that when the angle is decreased’ 

more power can be transmitted. ’ 

With respect to the second point brought out by Mr Alger 
the amount of condenser Irv-a. that has to be added to a system 
to increase the amount of power which can be transmitted, I do 
not know the exact basis used for his computations. If one 
considers the case of a system operating close to the static limit ' 
without ft condenser and the ratio of the increase in reactive 
power to the increase in roal power and then compares tlie 
corresponding conditions with a condenser operating near the 
static limit, it is true that one will obtain a relatively large 
increase of reactive kv-a. for each kilowatt increase. ? 

lhe practical condition, however, is this: the systom will bo 
oporated appreciably below static limit and under these con¬ 
ations the increase in condenser capacity for each kilowatt of 
increased power which can be transmitted is not nearly so largo 
as indicated by Mr. Alger. Furthermore, the total magnetising 
. lequno y tile system is actually less when supplied by 
machines winch are distributed than when albeondensers are at 

}£ 00 ! 1 V1 “ g , ellcL . If the . means for supplying reactive kv-a. 

. wtubuted an increase in the power limit is secured, So, for 
tho practical conditions one can increase the power transmitted 
and also increase tho margin of stability and thus arrive at tho 
best compromise as to the increase of condenser capacity on tho 
si stem and the amount of power to be transmitted, and in no 
event will one closely approach tho static limits. 

' Mack ^ r (communicated after adjournment): Tho 
pape by Messrs. Wagner and Evans covers the eases of tho static 
stability limits of straight-line transmission with one or two 
intennediate condenser stations, but where the system is more 

distrihuf l ° r if the f0m ,° f a n ° tW0rk with condenser stations 
distributed on the network the mathematical method becomes 
cumbersome and practically impossible of solution 

uZf, Cas ° f have iu , miud is a® 220-kv. interconnection now 
being carried out in the east between the Philadelphia Electric 
Company, The Pennsylvania Power & Light Company and the 
Publm Service Gas & Electric Company of Now Jersey 3 
.During the last four months we have developed the meclianioal 
model demonstrated by Mr. Evans for application to the mmS 
tative solution of such complicated systems. ' 

. TV' 16 ab ° ve case WQ "'ere more concerned with the transient 
£g l elst e h, t° rfc d 7? aUd ; VOrat switchin e conditions than 
conditions! SG ^ ' alS ° gaVe as to static 

hkG elaborato on the methods uSbcl but this whole 
im estimation is being prepared in the form of a paper to be 
piesentecl by Messrs, Bergvall and Robinson. 

tni£«wi*T 1 mention , this as itma y be of interest for members 
to know that we are tackling the more complicated systems and 

C. F. Warneri Dr. Terman’s remarks regarding the inereaso 
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view. We concur with his remarks regarding the desirability of 
low-reactance condensers and quick-response excitation. • In 
interpreting the curves showing the improvement on actual power 
systems, several facts must bo born in mind. These results show 
the static limit of linos in which the amount of copper was 
dictated by loads considerably below the static limit, that is, 
for loads determined by* the transient limit. If the static limit 
were determining, larger conductors would have been chosen for 
the line without condensers and still larger conductors for the 
line with condensers. A comparison under these conditions, 
paying duo regard to the increased financial burden occasioned 
by larger conductors, would have been much more favorable 
for the intermediate condenser. 

Mr. 'Alger questions our ideas regarding the limiting angle and 
states that our conclusions seem unreasonable to him. He 
cannot agree that the inertia lias anything at all to do with the 
maximum angle at which the system can operate. Perhaps a 
discussion of a simple system consisting of a synchronous genera¬ 
tor and synchronous motor with a connecting impedance in which 
the resistance is equal to the combined reactance’ of the line 
, and machines, may clear this point. For the first case lot 
the inertia of the generator be extremely large and the inortia 
of the motor, small. This corresponds to a small motor con¬ 
nected to a large system through an impedance. It is evident 
then that no action of the motor will be reflected in the main 
system. The power input into the motor will then increase until 
the angle readies 45 deg., beyond which it will decrease. I lie 
limiting angle in this case is equal to the impedance angle, Ibis 
is the more familiar arrangement and one. from which the idea 
that the angle could not exceed the impedance angle was prob¬ 
ably derived, but conclusions drawn from this illustration cannot 
be applied indiscriminately to other cases. Consider now that 
this synchronous motor is acting as a generator and is feeding 
power into the large system, through such an impedance. Again, 
any phonomona in tlio generator will have an inappreciable 
effect upon the large system, whether it be voltage change or 
change in phase position of the rotors, . With increasing angle 
the power input into the system will increase until an angle of 
45 deg. is reached, beyond which the power will decrease. But 
what occurs to the output of the generator? This increases 
continuously even beyond 45 deg,, reaching a maximum at 135 
deg. While the input into the system decreases beyond 45 deg. 
the increase in copper loss is more than enough to overcome the 
decrease in system input. Now the generator responds, not to 
input into the system, but to its output* The system will be 
stable up to an angle at which an increase in angle no longer 
produces jan increase in output, which in this case is 135 deg. 

It is hoped that this discussion will make more lucid our 
conception of Avhat occurs when the limiting angle is reached, 
While this discussion considered only limiting cases in which the 
inertia of one of the machines was extremely largo it should 
be clear that for machines with more nearly equal inertias the 
difference in operation is one of degree only. These ideas have 
been verified by shop tests in which, citing from random, we have 
been able to obtain angles as large as 140 deg. No particular 
effort has been made to obtain larger angles. 

I am at a loss to understand Mr* Alger’s criticism of Fig. 22, 
when he states that no line losses were included in the calcula¬ 
tions and we had ;iofc clearly stated how we had “allowed for the 
important effects of* the line charging currents,” The develop¬ 
ment of the formulas presented in the paper were premised on the 
most general type .of circuit including both lumped and dis¬ 
tributed constants. The general form of the equations are^ given 
in equations (1) and particular reference was made to distributed 
constants in the paragraph preceding equations (3). Itfr. Alger’s 
remarks regarding the efficacy of condenser^ should be tempered 
by the same considerations mentioned in the discussion of Dr. 
Terman and our reply. We do not agree with Mr. Alger that the 
* scheme of the intermediate condenser station is. not of great 


economic value at the present time, but on the contrary see 
wonderful possibility in its utility for the transmission of large 
blocks of power over great distances. 


EQUIPMENT FOR 220-KV. SYSTEMS 1 

(JoLLYMAN) 

Del Monte, Gal., September 15, 1927 
Harold Michener: Mr. Jollymau speaks of the dirt and the ^ 
salt accumulation on insulators. Our experiences indioate that 
the only way to maintain satisfactory service is to clean the 
insulators as frequently as necessary, that frequency being 
determined by a study of local conditions. * 

R. J* C. Wood: An insulator string is most likely to fail 
when wet by a fog. At this time the distribution of voltage is 
undoubtedly determined by leakage currents rather than by the ^ 
condenser effect of the unit. 

That, I believe, is entirely true where there is not 'nluch 
lightning trouble; but the effect of grading a string is to increase 
the lightning flash over value. 

This grading should be more valuable to those building lines 
in the East and mountainous parts, where lightning ia mor$ 
frequent than it is here. 

--- * 

** HIGH VOLTAGE OIL CIRCUIT BREAKERS FOR 
TRANSMISSION LINES 2, 

(Wilkins and Cbellin) 

Del Monte, Cal., September 16, 1927 , 

J, D. Hilliard! In this paper the importance of high-speed , 
switching in increasing the stability of the transmission network 
is emphasized, and the conclusion is drawn that the oil circuit 
breaker is the only piece of dependable apparatus at preseift 
obtainable, or likely to be obtainable in the near future which can 
be used for this work. 

To this conclusion I think no exception will be taken by those 
familiar with the operation of interrupting devices for electric 
circuits, including the so-called vacuum switch. * 

For years it has been recognized that speed was one of the chief 
factors in the construction of an efficient oil circuit breaker, but 
it was also recognized that the oil breaker must be of sturdy 
construction. By speed I mean the total time elapsing between ^ 
the beginning of the short circuit and the complete interruption ” 
of the current, * 

The fact that one breaker may have a shorter arcing period 
than another may be of small moment so far as system stability 
is concerned, if the total interrupting period of the two breakers* 
is practically identical, and when tost data are given both the 
total short-circuit duration and arcing duration sliopld be given, 
if a logical comparison is to be made. , 

Whether a shorter arcing duration is favorable to one breaker 
as compared to another breaker will depend on the speed of 
break (per break unit) of the two breakers, and the number of 
breaks in series; in other words, it will depend upon the total 
quantity of gas generated in the two breakers, 

Tests with plain-break contacts, operating under identical 
conditions, have shown that tlje. two-break breaker is quite 
likely to generate less gas than 6, 8 or 10 breaks in series. . It is a 
fact as the authors have pointed out, that a current-limiting^ 
resistance in series with the arc, greatly reduces the severity of the 
arc. This coupled with the light weight and Jiigh speed of the 
moving parts explains the superior action of small, potential 
fuses where the current flow is limited by resistors. When, 
however, an attempt is made to apply the same kind of a device 
to an oil circuit breaker where the resistance must be shunted in 
circuit when the breaker operates, it is found that many difliGul- 
ties arise, not the least important of which is keeping down the 
cost of the breaker equipment./ 

1. A. I. ID. E. Journal, September, 1927, p. S77. ./'• 

2! A. I. E, E. Journal, ©ecember, 1927, p. 1340, 
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The authors have given the speed of a General Eleetric Com¬ 
pany FHKO-36-33 C, 115-kv, oil circuit breaker as 6.5 ft. 
per sec. maximum at«300 amperes charging current. The inter¬ 
rupting capacity of this breaker for two O-C-O duty cycles is 
3750 amperes at 115,000 volts, and^inee the speed of operation 
of this breaker is a constant of about 5 ft. per see. at no load plus 
a variable dependent upon the load interrupted, the figures 
given, although correct for the quoted load, are not half their 

• real value when the breaker is interrupting its rated interrupting 
capacity. 

Moreover, one can expect a longer are when interrupting a 
small charging current than that obtained when interrupting 
the full interrupting capacity of the breaker, so that taking both 
these factors into consideration, one would expect the full-rating 
arc*duration would be less than half as long as the oharging- 

• current arcing duration. 

life also a fact that the speed of operation of the explosion- 
chamber breaker is a maximum shortly after the end of the 
contact rod clears the throat bushing—that is, the speed is a 
maximum at the time of the long arc, and this means the smallest 
quantity of gas during that period,. This should be compared 
with the breakers having the maximum spring tension and maxi¬ 
mum speed during the early stages of arcing when the gas 
generated per unit of arc length is small. In one case we have a 
maximum speed decreasing to a minimum; in the other case we ' 
have a minimum speed increasing to a maximum. 

The quantity of ga3 generated at constant speed of contacts for 
a glvetL arc duration varies approximately as the square of the 

• speed, because the arc likewise varies directly as the speed. 

When the above fhcts are considered, it is easily seen why the 
explosion-chamber breaker produces such a small quantity of gas, 
and why it has such a high interrupting capacity. 

It is not clear to the writer why high speed of separation is 
necessary when interrupting line charging current or load currents 
of small magnitude, because under these conditions the line 
should be fairly s table. 

For heavy short circuits, however, high speed would be 
advantageous, and it is under these conditions that the explosion- 
chamber breaker is at its best, and its strong construction enables 
it to stand repeated interruptions without damage. 

• Canton tests were 26 and 30 consecutive operations on the 

two breakers, without examination of the oil or contacts, and 
both were in first-class condition at the end of the tests and 
could, undoubtedly, have duplicated the performance and still 
have been in good operating conditions. It is probable that 
100*sueh operations would still have found them able to carry 
their rated load and interrupt their full rated interrupting 
capacity, . , 

It is tq be expected that the earlier explosion-chamber 
breakers would not be developed to the degree found in the 
modern* breakers, that the years of operating experience would 
result in breaker improvements, that better constructional 
methods, better materials and better workmanship would be 
builtijto the later breakers just as there have been improvements 
in the automobile in the same period. 

It is unfortunate that the various curves mentioned in Messrs 
Willdna and Crellin’s article are not available at this time, and’ 
^therefore, no comparison can be made on the time of relay action’ 
breaker trip, and breaker interruption of circuit. 

In the article no mention is made of tank pressures as a function 
of speed o£ interruption, and but little has been said concerning 
voltage rises due to the same cause. 

Fairly high impact pressures must be expected in the oil 
when high-speed interruption takes place, although at the time 
there may be no evidence of pressure in the air space above the 
oil. This high irnpaot pressure is due to the substantial in¬ 
compressibility of the oil, the mass of the oil and the instanta¬ 
neous generation of a gas in fairly large volume. It acts, of 
course, to stress the tank and unless the seams are well made, 
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may result in their being opened up, whdreas with a slower 
operating breaker the stresses may be considerably less. 

The voltage rise, from substantially instantaneous interrup¬ 
tion, is likely to bo a real problem, and in such apparatus ex¬ 
cessive voltages have been observed during tests, and tiro steop 
wave front makes it impossible to obtain an oscillographic 
record with the ordinary oscillographic apparatus. 

Peak records can, of course, be obtained by a surge recorder, or 
by the cathode ray oscillograph, and such records have shown, 
surges considerably in excess of any mentioned by the authors. 
It is not impossible that under special conditions, voltage surges 
of 25 times the applied volts may be observed. 

_ Tim authors mention the fairly high power faotor in a short 
circuit to ground. This is, of course, duo to the ground resistance 
and was to have been expected. It also largely accounts for the 
fairly easy condition for ground interruption on a system having 
a grounded neutral. The fundamental requirements, as laid 
down by the authors, are not so impossible of achievement by 
the high-voltage oil circuit breaker as would appear at first 
glance, and with the exception of (1) i, e., O-C-O cycle of opera¬ 
tion = 0.2 second, can I believe be approximated if there is a 
demand for such a breaker- and the purchaser is willing to pay 
the price of development. 

. Tbe testing of oil circuit breakers by the manufacturer and' 
user is of great importance, and tho General Eleotric Company's 
engineers are not only making such tests daily at the factory, 
but have taken every opportunity to make tests upon operating 
systems. 

The General Electric Company strongly recommends tho 
publication of full detail information on such system tests. 
Such information will be of incalculable value to transmission, 
companies and manufacturers of oil circuit breakers, and will 
act to largely dispel the skepticism concerning circuit-breaker 
operation and rating whioh now exists. Tho.factory tests are 
considered of so great importance that a new testing generator 
has been constructed and will have been, given preliminary 
tests by September 10th, 1927, 

This generator is the largest testing generator ever constructed, 
and is expected to give a short-circuit kv-a. of nearly 600,000. 
Space has been provided for additional generators of the same 
or larger capacity, and it is expected that if connected to the 
ohawk-Hudson system ultimately a short circuit capaoity of 
considerably in excess of 1,000,000 kv-a. will be available at 
both low and lugh voltages. 

The testing installation has been made very complete, and 
comprises both resistors and reactors for current limitation, 
bomb-proofs in which to test the breakers, a separate oscillo¬ 
graph and assembly building and ample grounds surrounding 
e .es p ant, so that the test men and observers may be at a 
safe distance from the breakers tested to destruction, and every 
breaker which can be stressed to that extent will be so tested. 
The testing equipment veil, of course, be as complete as it can 
be made, and instruments are provided for measuring all factors 
aneotiiig the interrupting capacity of the breakers that it is 
possible to measure. 

In the thousands of tests made with our factory testing genero- 
or during the past six years, we have observed phenomena far 
more severe than any ever recorded by us on tests made upon 
ransmission systems. We have observed arc lengths in excess 
of the charging-current arc lengths observed-by the authors: 
an i is my opinion that our testing eonditionsare more severe 
than obtamed on any transmission system-in existence today, 
if wro except the operation of a transmission system at the instant 
of a lightning stroke. 

, 7’l lesQ °. bs6rv ed test valfies are used ip the design of now 
breakers, and it is. these observations which determine the 
Physical dimensions of our. breakers, It=is because of our 
observations that the break distances of General Electric breakei 
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facturer; and although we realize that it may be a rare occurrence 
for an arc to be drawn the full break distance, it is also reajized 
that a sustained arc in an oil circuit breaker is a serious tiling and 
may result in the destruction of the breaker, and must be guarded 
againstvat any cost. 

• The authors state that the manufacturers positively ‘ 'refuse to 
give a guarantee on performance.’ 1 I think that a consideration 
of the facts will show that statement is not exactly correct. 
While the General Electric Company does not guarantee their 
breaker rating, they do stand back, of their breakers and will 
continue to do so. 

At a joint meeting of the Oil Circuit Breaker Section of the 
Power Club and the Oil Circuit Breaker Subcommittee of the 
N. E, L. A. a year ago, all of those present were unanimously 
agreed that a manufacturer could not guarantee interrupting 
capacities of oil circuit breakers, because the interrupting 
capacity at any given instant depended on system, maintenance 
and operating conditions which were entirely beyond the control 
of the manufacturer. 

The Oil Circuit Breaker Subcommittee of the N. E, L. A., 
therefore, unanimously agreed that three alternative clauses 
be recommended to the manufacturers, but expressing a prefer¬ 
ence for tlio following clause: 

“Because system, maintenance, and operating conditions are 
beyond the control of the manufacturer, interrupting capacities 
of oil circuit breakers cannot bo guaranteed, but this does not 
relieve the manufacturer of his contract obligation to deliver 
oil circuit breakers having interrupting capacities as specified.” 

Acting on this recommendation of the Oil Circuit Breaker 
Subcommittee of the N, E. B. A., the General Electric Com¬ 
pany adopted this clause as recommended. Under this clause, 
the company is bound by a legally enforceable contract to deliver 
a circuit breaker having the specified rating, and evidence that 
the circuit breaker does not have the rupturing capacity specified 
would force the company to replace the circuit breaker with one 
having the specified rating, or would make the company liable 
for damages for breach of contract. 

There may be uncertainty in the minds of some manufacturers 
and some users as to the meauing of kv-a. interrupting eapaoity. 
Is it the interruption at unity power Factor, or at approximately 
90 deg. lag or lead? Is it the interruption of the current on an 
otherwise isolated bus system, or is it interruption on a system 
having a connected load with shunt reactance and electrostatic 
capacity? Is it on grounded or ungrounded systems? 

As far as the General Electric Company is ebneerned, and 
based on engineering information that has become available 
from field and testing department experience, the General 
Electric Company’s published interrupting rating includes all 
the conditions mentioned above and the General Electric Com¬ 
pany will continue to publish ratings on this basis unless filture 
development makes modification necessary, in which case, the 
published ratings will state that fact. 

The writer regrets that the tests did not include repeated 
interrupting tests at or near the rating of the breaker so that 
observations of contact burning could have been made. 

H. E. Strang* In discussing oil circuit breakers the term 
I*Speed of Operation” is frequently used and unfortunately at 
times loosely applied with the net result that some confusion 
exists as to just what thought this expression is intended to 
convey. . * 

From the standpbint of system stability, interest is centered 
around the total time required for opening a circuit from the 
instant the trip coil is energized until the arc is finally broken, 
rather than the actual speed in feet per second at which the 
contacts may part. 

An analysis of the’opening characteristic of various kinds of 
breakers will reveal the.faot that one type of motor operator 
which imparts a comparatively high speed in terms of feet per 
second to the contacts after they have started moving, lias an 


inherent time delay in the tripping mechanism itself, which 
makes the dead time, or the time from energizing tlie trip coil 
until the contacts part, nearly twice as long as in the case of 
breakers operated by other types of motor or solenoid 
mechanisms. ^ 

Supposing that there may be a balance in favor of the breaker 
operated by this former mechanism of some few half cycles of 
arciug time, the total duration of short circuit may be muoli ► 
longer than in the case of a breaker whose contacts travel more * 
slowly, but operated by a mechanism >vitli a shorter inherent 
dead time. It is this feature which is essential when considering 
tlie application of oil circuit breakers from the standpoint of * 
their effect on system stability. 

It is regretted that the curves which have been presented 
showing the opening characteristics of various types of breakers 
were not plotted on the same basis, that is, from the time the ^ 
tripping impulse is delivered to the trip coil. , ^ 

Figs. 9 and 10, showing the opening time of a General EJectric 
FIIKO-36-110-lcv. breaker seem to answer a commonly raised 
question regarding the effectiveness of explosion chambers at ^ 
low currents. In this case while opening only 300 amperes which 
is some 8 per cent of the breakers’ interrupting rating, a definite 
acceleration is givon to the contacts which amounts to an increase 
of about 2 ft. por see. in maximum velocity over tlie no-load \ 

* speed. 

That this effect is consistent in reducing the arc length ovor 
tlio entire range of a breaker’s rating is also apparent from the 
published results of the Canton tests where in the caso of one 
explosion-chamber breaker during a series of 30 tests, ranging ? 
from 23 per cent and 83 per cent of its interrupting rating, the 
arc length varied from but 40 por cont to 20 per cent of tlio 
stroke. 

Ah the authors have stated, the ultimate interrupting capacity 
of those large breakers may not be definitely known. It is 
believed, however, that if there is any uncertainty in the ratings 
it is on the side of conservatism, and that it is not necessary to 
apply factors of safety to the ratings of breakers which have baon 
subjected to extensive factory tests, the results of which have 
been substantiated by field tests such as those made at Canton. 

M, M. Samuels* May I be permitted to add some con¬ 
structive suggestions? First is the question of the parts which ^ 
the users and manufacturers should respectively take in the 
further development of breakers. * 

Now, it is not possible, nor is it necessary for an operating 
man to known as much about all of the detail problems of 
breaker construction as a manuf adorer’s ongincer. BntHhe* 
operating man knows what he wants the breaker for, what 
service it has to perform, he knows this better than tlio manu¬ 
facturer; he has to make it perform as part of a system, and he 
soon finds out wherein it fails so to perform. 

Advice along those lines from operating men should boKiagorly 
sought by manufacturers. The manufacturer should realize 
that the customer is not just kicking for tho fun of it; but that 
when he kicks there is something wrong; and then lot the exports 
get busy and find out wliat is wrong. 

The needed spirit of cooperation on the part of tho manu¬ 
facturers is beginning to show itself hero and thero, and has no 
doubt been a contributing factor of considerable importance in** 
the great strides which tlie manufaeturers have made ill very 
recent years in circuit breaker developments. But more of it 
is needed, * 

Another suggestion which may be made is that future testa 
should be carried on under actual operating conditions. So far, 
elaborate preparations have been made for each teat. Con tad a 
were cleaned and adjusted, mechanisms greased, relays cleaned, 
new oil placed in tho tanks, etc. Under operating conditions 
this is not done every d&y t and in most cases it is not done often 
enough; and yet breakers have to operate. * 

, I should suggest that iij the future tests be made on breakers 
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; very clumsy meohanism designs. The bell-crank artist is still 
among us, and the manufacturers have not as yet learned that a 
good switch designer is not necessarily a good mechanism de¬ 
signer, and that none of the switoh meohanisnis shows the in- 
genuity ajid beauty which, may be observed in some of the 
outomatio machinery which they have in their own shops. 
However, give me a good breaker, and I do not care if it takes 5 
lcm to close it. 

The suggestion that it should be possible to install a breaker 
without skillful mechanics likewise seems to be going somewhat 
too far at Uie present. It is true that breaker mechanisms should 
be simplified rather than be made more complicated; but I 

i°'Ti*V f 14 ® vor . wdi be Possible or even desirable to eliminate the 
skillful mechanic in the installation of breakers. 

Let me add a concluding remark. It will be necessary to 
reduce the cost of breakers in the future. The breaker today 
represents the limit to electrical development, not only insofar as 
it sets a maximum to the amount of energy that can be safely* 
switched, but also economically. Many a prospective develop'- 
ment cannot be put through because the cost of switching malms 
the whole development uneconomical. It will not be sufficient 
m he future to spend half a million dollars on research to find 
out that the tank Steel has to be K in. instead of % in. thick 
. a . ad apend another half million to find out that two more 
pounds of copper will have to be added to the contact, or that 
structural-steel tops are in some cases preferable to cast-steel 
tops. To our shame it must be admitted that the ratio of 
results to development expense is very low in the circuit-breaker 
held, and it is development expense which makes the cost of 
breakers so prolii bitive. 

Radical discoveries and inventions are needed, if the industry 
“ ™ ,P ro f es s- A beginning has already been made, and one 
hint is already mentioned in the paper as to what might he 
expected m the future. I am referring to vacuum switching. 
Rut o far that is only a hint; and in general there are very few 
inventions of ingenuity and importance on record in the whole 
history of switching. 

, J bo “‘lustry seems to have been immunized against an attack 
by* the bacillus of invention. Messrs. Willrins and Creliin are 
right, therefore, in their statement that we are doomed to depend 
on oil breakers for a good long time to come; and that the im¬ 
provement of them, to which I may add the reduction of their 
cost, is of immediate importance. 

L. C. Williams: “Speed” is a much misinterpreted word 
■ 1 . el « c tnoal engineer talks in terms of cycles for interrupting 
a circuit or clearing a fault whereas the mechanician speaks in 
temijg or velocities of the moving elements. 

Let us consider switching time in two parts, (I) the time 
required to overcome inertia and acquire acceleration of blades 
and measured from the time the relay contacts close until the 
arcing tips separate and (2) from that point until the arc is 
broken and the fault cleared. 

The sum of the two times is important from the standpoint of 
system stability and all operating engineers desire it out to an 
absolute minimum. 

The second consideration is of vital importance in switch 
performance as high blade velocities contribute to a short dura¬ 
tion of arc and improvement in switch reliability. 

Our present methods of control work somewhat at cross pur¬ 
poses. To gain high blade velocities is usually at the expense of 
burdensome control equipment and markedly increasing the time 
to get underway.- 


position to opening of the contacts. About 4% to 5 cycles 8 
additional were required to break the arc of the changing current. £ I 
Contrasted to this in a desire to point out that records are '% 
available showing the performance of tlio American Brown S 
Boven Electric Corporation BO-CO, 110-D oil circuit breaker ‘4 
handling short circuit in the order of 400,000 kv-a. where the 
complete O-C-O cycle was made in approximately 14 eyoles. I 
This time is taken from the instant the oontaots touched on 
closing plus the relay action time for reversal of motion of ' 
moving member springing the arc and complete interruption. 

This type of oil circuit breaker is of the 10-break or multiple- | 
break type. It is of the comparatively slow-speod design. In 8 
no ease was the speed of the moving element higher than 2 8 ft 
per sec. ' “8 

The statement is made that records have been taken on 110- ’4 
kv-a oil circuit breakers both on 2-break and 6-break types, with 
speec s varying from 4 ft. per sec. to 15 ft. per sec. per contact 'i 
and a range of arcing time from 12 cycles on the slow speed to ill 
2 cycles on a higher speed. This would infer that the higher- H 
speed breakers clear the arc more quickly than the slower-speecl. 

It is also stated that “the important point often overlooked is fl 
ia . e high-speed breaker clears the disturbance in much less 
tune with much less damage both to system and to the breaker.” 3| 
Records are available showing tho type BO-60, 110-D, Ameri¬ 
can Brown Bo.veri Electric Corporation oil circuit breaker, 4 
on °;C-0 cycle with short circuit in the order of 
1 wheieiu it is shown that very slow speeds will .•$ 

interrupt the arc in the same time of arcing as with higher 
speec s.^ t was shown one one test that the average speed was 
approximately 5.5 ft. per sec. on opening and on the second 
- 0 e^opeiatmg cluty the speed was reduced to approxi- ' 

"“7 v 4 f6 ; P0r Sec -' approximately 50 per cent of normal, ' s 

5 et the time of arcing remained the same. 

It is our belief that, contrary to the general thought, the If 

introducing of greater speeds alone does not necessarily give ' •i 

better oil-encmt-broaker operation. It is our belief that the 
use of tho 10-break multiple break with slow moving mechanical ■ 1 
parts presents many advantages. Due to slow speeds there is no 3 

racking of mechanism at the end of the stroke, whether on ? 

closing or opening,-only simple torsional accelerating springe 
aie used. There is no quick-break mechanism of any kind, 1 
hence no triggers, latches nor springs. i 

to 7nnmrn° re ’ als ° bean dertl onstmted on tests that oloso 

less than onn^' 16 US - 9 °- tlle 10 ' brealc breaker gives pressures .45 
less than 20 lb. per sq. in. in the tank. m . sj;!: 

rvfir'nwi' 0 Vrt ^ f 31116 ,™ 300110 ^ 1 ^ as to the length of are 4 
per aro and the total arc length in breakers of 'tho 10-break type. M 

ffi L in h i rf , hS SPeed f th6 moviu « 6lement were the same 83 

o“ Ire in the “ r al 2 ' brealf type th0 t0tal len e fch '3 

of arc m the 10-break type might exceed that of the 2-break type. , ' 

However, the speed of the BC-60 American Brown Boveri ^ 

lugh-voHago oil circuit brekker is comparatively low, so that the 

total length of arcis very little if any greater than would be 3 

^“l iL a ?' bleak typ6 lmder sam ® auditions. It is 
definite that the length per arc is much less in each of the 10 
ares than the length of each arc in a 2-break type. „ 
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The paper makes a reference to the use of resistance in con¬ 
junction with one multiple-break oil circuit breaker. Reliable 
resistance-type multiple-break oil circuit breakers have been 
built in Europe for many years. Resistance is mounted within 
the tant at a point such as to clear it from precipitating carbon 
and low-dielectric oil at the bottom of the tank. The usual 
method is *to connect resistance in shunt with 4 or 0 of the 
multiple breaks, leaving from 2 to 4 of the multiple breaks in 
series. Upon interruption the arcs which are shunted by the 
resistance are immediately made unstable, thereby leaving very 
high resistance in series with 2 to 4 arcs. This gives a high resis¬ 
tance against the recovering voltage,, cuts down the current 
how and acts to diminish the time of arcing. Breakers of the 
110,000-volt class with interrupting rating of 500,000 lcr-a. of 
the resistance type have been built ancl successfully operated for 
a number of years. 

In summarizing we would point out that the high-voltage oil 
circuit breaker as manufactured by this corporation will probably 
come nearer meeting No. 1 requirement on the eighth page of the 
paper than any others on the market today. This requirem ent is 
that the complete 0-00 cycle shall not be more than 0.20 
seconds. Interrupting-capacity tests in the order of 500,000 
kv-a. show a time of 0.22 sec. average. The operating mecha¬ 
nism for these breakers is of the motor type, simple in construction 
ancl requiring very small current for operation. The power 
demand is less than 1 lew. 

The breakers are of very simple construction, such as will 
enable them to go through many operating cycles with very 
little inspection. 

Philip Sporn (by letter): I am pleased that the authors 
have tackled a question that has not been given the attention 
it deserved,‘and that is the question of oil circuit breakers and 
tlieir effect on continuity of service in transmission networks. 

I think some worltought to bo done also with particular reference 
to the effect on continuity of service of switching arrangements on 
high-voltage lines. 

As a general rule a transmission line is planned and built by 
the transmission engineering department and when it is all over 
the job is given to the relay engineer to relay it. Sometimes lie 
actually knows something about it a few months in advance of 
completion but it is very seldom lie has much of a say in the 
arrangement of the line and the effect it will have on his various 
loop circuits. The fact that this additional line .will make selec¬ 
tive action almost impossible or, if it does make impossible, will 
introduce unusually high time settings on some of the lines, is not 
given very touch weight and the problem is generally considered 
one of minor importance and one that a gdod relay engineer ought 
s to be able to take care of. Of course where a double-circuit 
line between two points is involved, the problem is very very 
simple but very often the double-circuit lines do not toaterialize 
or where a line is laid out for two circuits, a simgle circuit only is 
installed and such a period may last for five years. The intro¬ 
duction of a pilot system of protection on transmission lines will 
materially case the whole problem of sectionalization. It will 
particularly make possible the reduction in the time a fault is 
allowed to stay on the system and this will reduce to a negligible 
quantity not only the damage done during a fault but will also 
improve stability and will further reduce the trouble on 
customers’ apparatus as a result of long surges on transmission 
systems. ♦ 

Obviously if a*carrier-current pilot system of protection is to 
be effective it has go # t to have a reliable means of coupling and 
Mr. Belt has shown 2 some of the devices that can be and are 
being employed today to obtain reliable and effective coupling, 
It is of course evident, that there is no sense in majdng large 
expenditures on a relay system such as a «arrier-currenfc pilot 
system that will out«dow£ relay action on a single line from 2 or 

2. Coupling Capacitors for Carrier-Current Communication, "T. A, 
* Ej Belt, A. I, E t E. Journal, October, p. 1051. 


3 sec, to l /2 sec, if the breaker itself will take an equal amount of 
time to function in clearing a short circuit after the relay system 
lias energized its trip circuit and this point lias been brought out 
very well by Messrs, Wilkins and Crellin. As an example of 
this, refer to Fig. 10 where one of the phases of a breaker is shown 
taking about 0,27 sec. before opening. Now, compared to a relay 
action of 3 see. 0.27 seconds is quite good but' when dealing with 
orders of time of relay action of about 0.5 sec. 0.27 isn’t quite so 
good. 

With some of the conclusions of the authors as to the funda¬ 
mental requirements of a circuit breaker, I agree; with others I 
differ quite radically. For example, I believe that the^operating 
time for a complete “Open-Close-Open” cycle of operations can 
be materially raised above 0.2 sec. provided the opening time 
can bo reduced say to a figure approaching 0.05 see., or, as an 0 
outside figure 0.1 sec. There is no question that the ideal half- 
cycle of arcing time would be a highly desirable thing if it'cduld 
over bo obtained but I cannot quite see why it is necessary to 
limit the power demand of the mechanism to 1 lew. I do not 
‘ see that it is necessary to have the breaker designed so that it 
can be installed, adjusted and maintained by the averages* 
mechanic without oil-circuit-breaker technique. I would like 
to sgg them so designed so that they can be installed, maintained 
'■and adjusted and then stay pub when worked on by the average 
mechanic who had some special training, 

That it is highly desirable that a breaker shall be capable of 
completing more than two normal operating cycles before any 
inspections or adjustments are necessary, there is no room for a 
argument. The wonder is that the present qpemting cycle was 
agreed upon and not rejected as utterly absurd by the operating 
poople. I do not know whether 100 is at all essential but it ought 
to be of that order. For the present 40 or 50 would he good 
enough and I believe that if the operating engineers insist on it 
they will get it some day. 

I again am in entire agreement with the authors in that the only 
way for an operating company to know today as to whether 
the breakers that it is buying or that it contemplates buying 
will or will not perform satisfactorily, on its system, is to test 
them. Some day’ breaker development will imve reached the 
point where this will not be necessary but it does seem necessary 
today. That tliis happy stage will arrive by combining all of 
the good features now available in the designs of the several 
manufacturers as the authors so confidently expect, I ain not 
at all certain; we have seen in other lines of endeavor develop¬ 
ments involving combinations of the best feature of each that * 
gave a rather queer result. The problem would seem to be 
rather to have each manufacturer develop his design or new 
designs to a point where lie is certain and doesn’t merely think 
that the breaker will do what he says it will do. 

R. J. D. Wood; One of the oscillograms shows the current 
increasing on interrupting the charging current on the line. Mr. 
Crellin, said this was contrary to the ordinary conduct of current 
on short circuit. % 

In testing Mr, Sorensen’s vacuum switch, which was done by 
bringing a synchronous condenser up to speed qn the system, 
disconnecting from the system, And throwing it on the switch 
and using it as generator, we had occasion to notice the shape of ^ 
the short-circuit current during the time previous to the opening 
of the switch, Quito a number of oscillograms of short-circuit 
current were made, some of them showing the ordinary asymme tri¬ 
cal type but quite as many showed the short-circuit current 
increasing for the first few cyoles, 

E. A, CrelHn: It was short-circuit current, 

R. J, C. Wood: But a single-phase ground. 

F, C. Lind vail: The authors mention the possibilities of 
the vacuum switeh- We at the California Institute of Tech¬ 
nology who have worked on the problem of breaking currents in 
vacua are quite gratified by tliis recognition, for not all operating 

• engineers ancl oil-switch designers ajre convinced .that some day 
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thevae'ium switch may bo a reliable piece of station equipment. 

We feel that our optimism regarding the switch is justified, and 
that the fundamental idea of the switch is sound. Yet, as Mr. 
Crellin pointed out, the transition from a rather delicate piece 
of laboratory equipment to a reliable device for commercial 
service is a long step which presents numerous difficult technical 
problems; but fortunately, as more new work is done on the 
switch, many anticipated difficulties eliminate themselves. 

1 i? f’ 10 - 11 P° mt3 tJje authors mentioned in their paper and 
shouk! be discussed briefly. First, we have found that the 
tremely high vacuum which was originally assumed to be an 
obvious prerequisite is not really necessary. This interesting 
. fac t was observed in a general way in the earlier vacuum switches, 
but in order to obtain more definite data on this point a small 
switch was constructed. This model had butt contacts of M-in. 
aluminum rod. An ionization gage located between the switch 
and the cut-off from the diffusion pumps served formeasurement 
or gap pressure in the swi tch. 

For convenience in testing, the duty cycle of this model 
consisted of short circuiting and immediately opening the short- 
circuit on the high side of a IS,000/220-volt 10-kv-a. transformer. 
I he short-circuit current through the switch was 3.5 amperes 
" potential across the switch after break was of course 
15,000 volts. For the first 20 or 25 trials of tlio switch at a 
pressure of 2 X 10 6 mm. of mercury severe arcing resulted will* 
consequent liberation of gas from the electrodes. However 
the contacts were then in shape for proper switching and success¬ 
ful operation followed. In fact, at a vacuum of the order men¬ 
tioned, an aro could not be drawn out to maintain between the 
contacts even witlrmalieiously slow operation. 

• ®®’ t ' eral runs of 400 or 500 operations were made with the 
switch cut oft the pumps with careful note taken of time and of 
changes in Hie vacuum. These pressure changes were then 
compared with leakage curves taken on the switch, and the 
in erestmg result was that the rise in gas pressure during the 
long switching runs followed very closely the curves of leakage 
nnng from a faulty seal. In other words, the amount of gas. 
given out by switching with clean electrodes was but little. 

The switch functioned consistently and was apparently in¬ 
different to existing gas pressures up to the order of 5 X 10- 3 mm. 
•Beginning at somewhat lower pressures decided flashing could be 
seen at each operation of the switch, but every time a successful 
break was made. As a matter of fact, the switch would break 
current satisfactorily with sufficient gas present to give a-solid 
> -52®® 1 ve ® ^ rom a spark coil through a side discharge tube. 
Hence, to generalize from these results it follows that with ouU 
gassed contacts only a tolerably good vacuum, one which is 
relatively easy to get and easy ^maintain, is needed for success¬ 
ful switching. Thus, at once, many of the troublesome details 
of high-vacuum technic are avoided, and in consequence the 
switch lends itself more readily to the ordinary methods of 
manufacture, 

The second point mentioned by Mr. Wilkins and Mr. Crellin ■ 
tkataof operating the contacts within the vacuum chamber has 
been simply and adequately solved tlirough the use of flexible 
bellows, which makes possible moving the switch contacts 
through any required distance by any suitable mechanism As a 
consequence the switch may be locked in closed or open position, 
a feature demanded by tlxe operating engineer. 

We have also found tha t extreme speed of opening is unnecessary 
in the vacuum type of breaker. Thus the contacts themselves 
may be simple and have low inertia. In turn, the operating 
mechanism may be of light construction, permitting the operat- 
lng speed of the switch ns a whole to he made extremely high. 
This speed, together with the characteristic first half-cycle 
break of current, will give a circuit breaker whose operation will 
no doubt be rapid enough to meet modern switching re 
quirements, s 
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of the operating mechanism of a vacuum switch should allow an 
accuracy of adjustment which would result in more nearly 
approximating the simultaneous breaking of current in tiie three 
phases of the switch. 

R. W. Sorensen t Reference has been made to the'develop¬ 
ment of gas pressure tending to rupture switch tanks when a 
switch is open, and the question has been asked, does this s 
phenomenon of pressure occur in the experimental vacuum I 
switches when such switches fail to function properly and do not i 
interrupt the current? It would be natural to expoct in case of i 
failure to interrupt the eirouit that gases might bo given off 
from the switch terminals in sufficient quantity to develop b, 
pressures that would cause an explosion or bursting of Lite , 

chamber containing the vacuum switch. Experiments which ■ .?' : : fc 
nave been made with the vacuum switch in which ove» 150,000 
kv-a., single-phase has been interrupted by moans of’single-pole ' 
switches have failed to show enough gas pressure to produce 
explosion. Also, when circuits of this capacity have not been 
completely interrupted by the opening of tho switch, the switoh 
has withstood any tendency toward an explosion. In a few 
cases where the glass container for tho vacuum chamber lias 
broken, whether due to heat or mechanical injury, the parts of 
the glass container liavo not been thrown about so as to indicate 
au explosion, but have rather, simply dropped to the ground and 
done no damage; in fact, we have had less flying of glass than is 
often the ease when an ordinary electric light globe is broken. 

As an indication of our confidence that no explosions oocur, I 
may say that those of us who are working with switching in 
vacuum have so little fear of flying glass or other parts that wo 
stand within a few feet of Hie switch in order to watch its operation 
when experiments are being conducted; in faot, we approach 
the switch much closer than has been considered safe with oil 
switches whioh may throw oil. 

Another very favorable feature of the vaoiujm switoh is the low 
voltage rise in the circuit at the time of break. For, though the 
vacuum switch always breaks the circuit on the first half ovcle, 
we have found Hie voltage rise with the vacuum switch to be less 
mi wi ^ te oil switch. The oil switches we have worked with 
usually hold the arc 8 or 10 half cycles. That is, there seems 
to be more rise in voltage on the circuit at interruption when it 
takes several cycles to make the interruption than there is when 
interruption is made during the first half cycle. Many times in 
our a oratory we have put one of our vacuum switches in a 
convenient 15,000-volt circuit capable of supplying current up to 
150 amperes and have, by means of the hand-operating lever, 
opened and closed the switoh rapidly, perhaps six or eight times 
per second. Tins we can do 25 or 30 times without distressing 
the switch in any way. I have never seen such a demonstration 

in in, 6 W1 n c, 11 , 01 SWltcb ’ IrL facfc <the amount of enorgy expended ' 
m Che switoh does not seem to be great, Hie actual drop across the 
aro at separa.bon of contacts being probably less than 100 volts. 

This means that there is not available a groat deal of energy at 
the p ace where it will destroy switoh contacts. One of our small 
switches, the contacts for which are rods % in. in diameter. 1ms 
been used to open a 15,000-volt circuit, the current in which 
T'” 11 sm f amo,,nt to 125 amperes, more than 4000 
es and the contacts show no appreciable pitting. I feel that 
e may sa ely say, therefore, that a vacuum switch whioh has 
, ™, [”° I)e ! y unec U P l° r operation will give good service and 

? 1,lterr ( upt 0lrcuita almost an infinite number of times 
without damage to contacts. 

not wisb “ ar, y wo -y to give an impression that vacuum 
switches are ready for the market. During the five years we 

tZzT T ] r ° n l he SWitcb we seem to hava made small 
p f l ^j aft h move, hojvever, has been a progressive one and 

“? £ kQ flve years more to’develop a switch which 
linos d6 ^ ee ° f SU?Cess in Poetical service on power 
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circuits in a satisfactory way. We have also been able in an 
experimental way to fulfill requirements 1, 2, 3 and 4 as listed 
in their paper. Requirement No. 5 is the one wo have not as 
yet been able to meet. 

E. K. Sadler: We have just completed some over-all 
tests, at our factory, which approach Messrs. Wilkins and 
Crellin’s specifications; and I would like to make a few remarks 
on that. 

We have found it possible to obtain the following speeds with¬ 
out complicating the operating mechanism or subjecting the 
switch to excessive jar in operation. This switch was of the six- 
break type and the speeds given are the total for all six breaks. 

We have obtained a velocity of 61 ft. per see. when the arcing 
contacts break and a maximum velocity of 75 ft. per sec. at a 
point some inches beyond where arcing contacts break. Open¬ 
ing of switch requires only 0.089 sec. for full travel of blades, 
and an elapsed time of 0.16 sec. from energizing the trip circuit 
until the arcing contacts open. The total break equals 36 in. 

As regards a switch jumping when the operating mechanism 
is mounted remote from the switch; this switch can move 2 
in,, hack, forward, right, left, up or clown and still operate 
perfectly. 

P, Jollyman: From the standpoint of tho engineer having 
to do with the operation of a power system, we are very much 
concerned with the effects of trouble on tlio power system. We 
want to got those troubles off* the system as quickly as possible. 
We do not want to wait until the voltage of the systom is reduced 
to a point where the duty on the circuit breaker is reduced. We 
want the trouble removed before service is impaired and what¬ 
ever kind of switch it is will have to stand this quick service. 

J, S. Thompson: (communicated after adjournment): It is 
of incalculable value to the manufacturer of oil circuit breakers to 
secure the findings of engineers who have so thoroughly studied 
the problems to be met in oil-circuit-brealter design and to have 
the result of these studies summarized in the requirements which 
they have laid down. These requirements are looked upon as 
supplementary to most of those outlined by Mr. denies of the 
West Penn Power Company, in the paper appearing in the 
1924 Transactions of the A. I. E. E., p. 648. 

With reference to requirement 3, it is possible that a statement 
that the mechanism should demand but a very Bnmll amount of 
power would he sufficient, but the exact reference to 1 lew. is 
presumably prompted by the fact that mechanisms are available 
which require no more power than 11 cw. # 

With regard to the discussion presented by Mr. Sporn, it 
would appear that his reference to the absurdity of the test duty 
cycle demand is based upon a tendency to look upon test rating as 
synonymous with normal operating ratings in circuit-breaker 
practise. In all other apparatus the test ratings to which the 
apparatus is submitted, for periods such as one minute, are far 
in excess of the operating rating and therefore it is possible 
that some adjustment should be made so that the circuit breaker 
operating twice under the A. I. E. E. test rating would operate 
comfortably at a reduced operating rating for the 100 or even the 
1000 operating cycles referred to in requirement No. 4. We 
would draw attention to the fact that the N. E. M. A. rule for 
reduced interrupting capacities, under item E, suggests the ratio 
which these two ratings might bear to each other. 

With regard tp the discussion presented by Mr. Hilliard, 
the uncertainty regarding circuit breakers on the part of those 
best informed is indicated by the phrases: ' ‘It is quite likely”; 
J‘Not half”; "One may expect”; "It is probable”; "Could un¬ 
doubtedly”; "May result”; "Is likely to be”; "It Is not ini- 
possible.” , 

Mr. Hilliard appeals to assume that doubling the speed of the 
break would invariably double the length of the are, and with 
respect to this assumption, we would draw attention to Figs. 4 
and 10, showing oje durations of two-break and six-break dircuit 
breakers under exactly similar conditions. These curves in-* 


dieate a duration of arc of 0.046 see. in the six-break circuit 
breaker and 0.15 sec, in the two-break circuit breaker. 

There would appear to be an inconsistency in Mr, Hilliard's 
reasoning where he suggests that a greater quantity of gas is 
developed by high contact speed, whereas later in his discussion 
he states that high speeds are advantageous.. 

Mr. Hilliard indicates that high-speed interruption produces 
voltage surges and also impact pressures in the oil* If this is «■ 
the case it would appear that voltage surges are a necessary 
concomitant of liigh-speed circuit interruption. But regarding 
tank pressure, it may be stated in support of multiple breaks 
that no Pacific Electric Manufacturing Company six-break oil 
circuit breaker tank or top casting has ever been damaged either 
under test or operating conditions, nor have tank and coyer 
assemblies ever been forced apart. * 

Mr, Hilliard makes the point that the long break is of^alue 
and, recognizing this, the Pacific Electric Manufacturing ♦Com¬ 
pany provides that each one of *the six breaks of its oircuit 
breakers is substantially as long as each one of the breaks of the 
conventional two-break oil circuit breaker. Properly disposed 
multiple breaks can be considered as a grouping of two-breaS 
oil circuit breakers in series, and could not be assumed to draw 
arcs, per pair of breaks, as long, as a single two-break oil circuit ' 
’breaker. This fact has boon put in practical application on a 
Pacific Coast operating system on which the failure of a two- 
break circuit breaker was remedied by placing a similar two- 
break circuit breaker in series with it, the two mechanic ally 
connected to operate simultaneously, But a further advantage * 
of six-break circuit breakers is obtained by so disposing the breaks 
that the explosive effect of one arc tends to blast a volume of 
oil through the path of adjacent arcs. 

With regard to the comment submitted by Mr. Strang, the 
factor of inherent time delay in the tripping mechanism is a 
vital one. In developing the motor-wound spring-operated 
mechanism devised by Mr, Willdns, the engineers of the Pacific 
Electric Manufacturing Company gave this factor prime con¬ 
sideration, with the result that the inherent time delay in thiB 
control is satisfactorily brief,. It is possible that the control 
referred to by Mr. Strang could be corrected to secure equally 
excellent characteristics. 

E* A. Crcllin: Everybody seems to have remarked about * 
the power demand of the operator being limited to one lew. Mr. 4 
Samuel says, "Give me a good breaker and I do not care if it 
takes five lew, to close it,” It is granted that it makes little differ¬ 
ence to the switch itself how much pow r er it takes to operate it* 
so long as there is sufficient to get the contacts in or out in fast 
time. The limitation was added for another purpose and was 
included along with the other specifications to complete the list 
of requirements. 

Let me point out what is involved in a large opera to? power 
requirement, especially in a breaker which requires practically 
the same energy to open as to close. I recently visited a sub¬ 
station in which there will ultimately be some fifty £0-kv. 
breakers and six or eight 220-kv. breakers, the most remote of 
which are 900 or 1000 ft. from the switchboard. If it is necessary 
to have operating currents on the order of 200 amperes at 126 
volts, we are faced with a very great expense in storage batteries # 
and control cables in order to hold up the operating voltage. 

It may well happen that a group of breakers will be simul¬ 
taneously tripped, and if they require heavy operating currents 
to open, will force the installation of expensive equipment. 
Even with the gravity-opened breakers, it may well he that\a 
large series of successive operations will lower the battery voltage 
to a point where further operation is impossible. __ The reason 
for imposing the limitation on operating power was to effect 
economies in installation. Such operators are available, and 
greatly to be preferred to those requiring 200 or more amppreg. 

Mr. Williams and Mr. Strang both have the same thought on 
the definition of speed, high #ver-all speed»until the circuit 
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4, is cleared that we are after. If the actual time of contact move¬ 
ment is kept relatively high for reasons of switch design, then 
speed, must be attained in the operating mechanism in order 
to bring down the total time from the closing of the relay con¬ 
tacts to the final interruption of .the circuit. In this paper 
speed does not mean the rapid motion of parts so much as it 
does the rapid interruption of the circuit, no matter how attained. 

• tL 1S A « by tl the authors - ^wever, that much higher contact 
speeds than those at present obtaining will he of great advantage 

sfirsar “ in “" ne «»**™ 

* oy WMWns, Mr ' Milliard states that “for years it has been 
known that speAl was one of the chief factors of an efficient 
oil circuit breaker.” Nothing seems to have been done about it 
m however, until very lately. ' 

With regard to the testing of breakers below their-rating, it 
to P° mt out that most of the failures on operating 
breaker raMn^ t l0S6 ^ Catlton llave bfieu vel 'y much below the 

* Mention was made of the fact that substantially instantaneous 
interruption causes very great voltage rises. This was the 
otigraal argument against oil circuit breakers and is as true 

‘ : WaS ?“ 1895 - T1,ere are as however, no com- 

miprinlr ° lm m hreak , 0l ' S that evea “PProximate instantaneous . 

r7 IM \r N V ne has any ]l0pe of K6ttin & ™der the first 
half cycle Mr Sorensen lias noted no alarming voltage rise 

' th ft 0Ue .‘ half ,. ayo1 ?- , In this connection, as was pointed out'in 

• " ,te ■*■** 

nf ^ ltbr a Sard to * S*iar an tees, there were last year in one State 
“5 U /. a f me ( twettty times many law suits for damage due 
to defective transformers as there were due to oil circuit breakers- 
the same arguments hold for both as far as care and maintenance’ 

With regard to the moaning of interrupting capacity in kv-a 

if *° S d' a ' te If f01 ' 0n6 ' am d<mbtful of what it means! 
if anything. Several years of intensive study in both the field 
and factory have so far onlj; strengthened this doubt 
. Multiplying a voltage on the bus before trouble by the current 
an the first one-half cycle of arc after trouble has no physical 
meaumg and so far as yet demonstrated no practical one. 

* tw 1 ! 1 5 are in * «■ a performance 

that is desired. The particular mechanism required may in 

few* T\ f Ven ul r0mOt f ,y resemb,e an J T of the present types. 

e efteot of trouble on the system is important, the effect on the 
breaker incidental, though all too of tenit is the controlling faotor 
In reply W Mr. Edsall I wisli A emphasize again that what 
the purchaser buys is equipment to separate an operating system 
from a teuU.-the i fault and the oil circuit breaker oondSS 
the timd are secondary matters. While slow speed mav he good 
for the breaker it decidedly is not for the system. 

Breakers must be built whose opening time is under 0.1 see 
preferably - as Low as 0.05 sec. and whose arcing time Z'- 
pro aches closely the optimum of cycle, P 

llaV ° l Jeen bl,syin the wst with Other matters 
but of late they are giving more and more lime to interconnection 
Trad network operation and the effect of combinations of nZ 
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fast reding and insure continuous service and are reprosen t^dlfc, 
by the Pacific Coast, tlie Southeastern and tlie North Central- 
networks in the United States, all covering extensive territories. 

Tlie second method depends on a backbone with radiating 
feeders where large blocks of power are transferred from tho 
general source to the loads and where outages are not expected 
on the main arteries. Such systems provide only -emer^onov 
relaying on tlieso main lines because their loss means the serious 
crippling of tlie system, and extremely fast operation would not 
be necessary. No such system exists today in practise on any- n 
tiling like the scale of the type given above. 


ILLUMINATION ITEMS 

By Committee on Production and Applicat'on of Light 
PHOTOMETRY OP INCANDESCENT FLOODLIGHTS* 
The Committee on Illumination of the Association of 
Hallway Electrical Engineers in its report at the annual 
convention (October 25 to 26th) deals with thephotom- 
etryof j t ncandescen t Floodligh ts at considerable length. 
^Floodlight beams usually show visible traces of 
niament images which may cause erratic results if the 
• area photometered at each reading is small. Therefore 
an integrating device consisting of a hemispherical shell 
an 0P en »ig one degree square (Which would be 
20.94 in. by 20.94 m. for a test range of 100 ft.) should 

i USGd m, the same general manner as an Ulbricht 
sphere. The opening is covered with a translucent 
material such as sandblasted glass. This averages out - 
minor irregularities in the beam. 

The photometer is set up at a distance of 100 ft. (or 
more) from the lamp to be tested. Observations are 
taken at approximately 100 stations uniformly spaced 
i oughout the beam, and in addition a series of stations 
on eight equally spaced lines radiating from the axis. 
The position of the axis of the beam is estimated by 
visual observations on the edges of the beam and other- 

test ThTi b f ° Cate i d m ° re 6Xactly only by actual 
test, ihe test procedure and method of calculating 

ZdulTt Careful detail and tables a ™ 
included to simplify the calculations. 

oowIJr Hrn n is , co ” sidered fc0 extend to where the candle- 
P P s to 11 per cent of the maximum candle- 

power value found in the beam. Suggestions for 

foSSb 6 i otaI lumens in the stray light apaa 

(outside the beam) are g, V en. The efficiency of the unit 
expressed as the ratio of the beam lumens to the total 
umen output of the incandescent lamp. The per¬ 
centage of light produced by the incandescent lamn 

■ f °m n u d ™ the Stray field may also be g ive n. P 

f:oI l e i Tr ti0n Committee in its report has decided 

M— ra -w sprcad W 16 de , t0 

tho smallest praot,cable S e 0 tionl ? l S olal«l. Suoh systemsreqiffie 

♦ : 

« m • ■ • - • - • 


30 deg, 

Wide beam —beam spread over 30 deg. 
Special beam —unsymmetrical beams and 
filing in the above groups. 


others not 
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1928 . Winter Convention Will Offer Valuable and Important Papers, * 


An A. I. E. E. Winter Convention of outstanding interest and 
importance is promised in the program planned for the 1928 
meeting which will be held February 13-17 with headquarters 
at the Engineering Societies Building, New York City, Techni¬ 
cal sessions of highest merit, lectures, inspection trips, medal 
presentations and social features have been planned which will 
surely draw a large attendance, 

m 

Technical Sessions 

The toohnieal papers and lectures will include as subjects 
dielectrics, operation of interconnected power systems, insulators, 
magnetism, electrical machinery, communication, automatic 
substations, control and protective apparatus, synchronizing 
devices and arc welding. Great interest is being manifested in 
the session on Tuesday morning, February 14, on the subject of 
operating interconnected power systems. This subject will be 
presented in papers by five outstanding engineering executives 
representative oF different practises in five parts of the country. 
Prepared discussions will be presented by several other well 
versed engineers, 

Telephone Communication with London 

Telephone communication with the British Institution of 
Electrical Engineers meeting simultaneously in London, is to be 
one of the outstanding features of the convention, This event 
is scheduled for Thursday morning, February 16. This session 
will open with two papers on transatlantic telephony as an¬ 
nounced in the accompanying tentative program? 

Following these papers there will be an exchange of greetings 
over the New York-London radiotelephone circuit between 
Bancroft Gherardi, President of the American Institute of 
Electrical Engineers, and Archibald Page, President of the 
British Institution of Electrical Engineers. Greetings* will 
also bo exchanged between Dr. F, B. Jewett, Vice President of 
the American Telephone aud Telegraph Company and President 
of the Bell Telephone Laboratories, in charge of the development 
work done in this country leading to the establishment of the 
transatlantic service, and Colonel T, F. Purves, Chief Engineer 
of the British Post Office, who has charge of the development 
work done in England in this matter. 

Arrangements are being made for- these exchanges of greetings 
‘ to be. heard by those present at the session of the A. I, E. E. in 
New York, and also by the members of the Institution of Electri¬ 
cal Engineers who* will be having a regular afternoon meeting 
in London, simultaneous with the New York meeting. 

Following this two more technical papers will be presented 
as shown in the program, 

• 

Leuture by Dr. Norindeii • 

♦ ' 

Dr. Harold Norinder g of Upsirta, Sweden, well known in this 
country for his studies of lightning discharges and other matters, 
will furnish one of the interesting points of the meeting. He wil^ 
deliver a lecture in the session on the afternoon of February 14, 
his. subject being “The Cathode Oscillograph as Used in the 
Study of Lightning and Other Surges on Transmission Lines.^ 


Lecture by Dr. Swann * . 

Another event will be a lecture on “The Earth's Electric 
Charge” to be given by Dr, W. F. G. Swann on Monday evening, 
February 13. Dr. Swann, who is Director of the Bartol Research « 
Foundation of the Franklin Institute, is an entertaining speakgr 
as well as a high authority on subjects pertaining to electro - 
physios. " • 

Details of the technical sessions are published in the aecom- * 
pauying tentative program of events. 

John Fritz and Edison Medals 

Two of the most highly desired rewards for engineering 
accomplishment will be presented on the evening of Wednesday, • 
February 15. The John Fritz Medal will beprpsented to General 
John J. Carty and the Edison Medal to Dr. William D. Coolidge. 
Details of the award of the John Fritz Medal were published in the 
November Journal, page 1290. An announcement of the award 
of the Edison Medal is published elsewhere in the January 
Journal. 

Inspection Trips 

Quite a number of inspection trips have been planned, nfosfc 
of which will be taken on Thursday afternoon, February 16, 
though some of t the places may be visited at other times by 
prearrangement. Among the trips which are planned are those 
to the following places! 4 t 

132-kv. cable installation at Hell Gate Station of tho New York 
Edison Company • 

“Iron-olad” switchgear—a substation of the New York Edison 
Company having only this enclosed type of construction 
System operators switchboard, Waterside Station, New YorS 
Edison Company 

220-kv. switching station—Hudson Station of Bublio Serviee 
Electric & Gas Company . 

Hudson Avenue Station of Brooklyn Edison Company 
Broadcasting studio of National Broadcasting Company 
A-o. network switches of United Elec trie Light & Power 
Company 

The Electrical Testing Laboratories * 

The Bell Telephone Laboratories 

Dinner-Dance 

That enjoyable social function, the annual dinner-dance, 
will be held on the evening of Thursday, February 16 in the maiup 
ball room of the Hotel Aster. This is an institution which needs 
no recommendation. It is sufficient to say that it will be held 
in the spacious As tor ball room, the meal will he excellent 
and one of the best dance orchestras in New Y T ork will furnish 
the music. 

The Smoker 

A delightfully informal event will be the Smoker to be hold 
on Tuesday evening, February 14, in the Belvedere of the 
Hotel Astor, Every effort is being, made to make the program 
for this evening unusually attractive and at tho same’time to 
eliminate the confusion #and crowding which have occurred in 
some former smokers. Yh© committee feels this can be 
* done and without an increase in the*foriher prjee of $2.00 per 
person. t* • " * • • 


* • • 
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Reduced Railroad Rates 

A specia! railroad vMe will be available to out-of-town visitors 
to the convention under the certificate plan. Under this nlan 
eaoh person should request a certificate when purchasing a 
one-way ticket to New York. Presentation of EeSfate 
at Convention headquarters will entitle the holder to half-rate 
are for tho return trip over the same route provided 250 certifi 
. cates are registered at the Convention. Uft 

purehasiu £r tickfi ts members or guests should advise 
heir ticket agents that they will attend the A. I. E. E Conven- 

’ * a “ d s i} ould ask for-the certificates. Families of members 

fe^hmited h tm < ?n 0 s^r tiO r ^ 6ntitied t0 O0rtifl ™tes also. On a 
will ™ lted tiams th e return tickets purehased at reduced rates 
will, not be honored. Tickets must be purchased within e 
• hmited number of days prior to the meeting and return tickets 
must t b a tlS ed within a limited time after the meeting The 
Wing dates depend upon the location of the pmchaler 

SeTa a £ !ents 0n T r'"' detai,s ma y b« obtained from 

• * , ® gen * s ' Immediately upon arrival in New York certifi 

5&XZZZS** *“■ “* **— - Aot 

i ^ ,,L Visitors Should Get Certificates 
^ Everyone should obtain a certificate, whether be will use it - 

I, S“” * d ° ,0 maf "•P' 1 ™ others e.Sg l e 

“ Vl " ! ln rMlroad ta mute p^ible by thi! 

* Convention Committees 

The plans for the .meeting are being handled by the following 
general committee and subcommittees 1 ^ 

H ~ CommiUe*-G. L. Knight, Chairman; J. B Bassett 
H. P. Charlesworth. H. W. Drake, W. S. Gorsuch, H. A Sr 
E. B. Meyer, L. W. W. Morrow and R. H, Tapscott 

Bo™S“5”r”‘ n C ° m ''f?f^ J '. B B “«' OhUmm, 1. B. 

JKKaLZT- A ' *• *«*< a *m 

Dinner-Dance Committee —H. C. Dean r>i> „ 

Clark, C. R. Jones, J. F. Kelley and ^TX SSSl ^ 

* * ^nis, 

• aKt S't R - Inglis - Chairman; W. B 

Kirke, L. W. McCullough, W. R. Smith and F. Zogbaum. 

. '™ TAT,VE l ‘nOOI»AH OF 1928 W,NTER CONVENTION 

' ' , • Monday Mohnino, February 13 

Registration 
Committee Meetings 

Monday, 2:00 P. M. 

Electhofhysics and Dielectrics 

Surge Impulse breakdown of ’Air. J J 'twl m .. . T 

Eleotrio & Mfg. Co. lorok - W estmghouse 

Investigation of Ike Influence of Internal Varna n-a t • ^ 

W.D-Wto o, n 

Alexander Smourotf, Eleofcrotaclmioftl Institute c^Leniagrad' ° 
Avwovmate Method for Solution of Electrical Networks F A R 
GuiUenain, Massachusetts Institute of Technology. E ’ A ’ * 

The Bollzmann-Hopkinson Principle of Superposition P n T 
Murnaghan, Johns Hopkins University. ' F ' R 

Monday, S:00 P. M. 

• Lecture 

•‘The Earth's Eleotrio ChamA ” w i? n c? 

B„tol Fo.-daii Tb.'rJnufSwr 10 ' * ?” 


INSTITUTE AND RELATED ACTIVITIES 


ACTIVITIES Journal A. I. E.D. 

Tuesday, 9:30 A. M. 

2 lNTEnC ° NNEQTI0N AND i™ Eeeect on Power Development 
a Technical session under auspices of Committee on Power 
te Generation, W. S. Gorsuoh, Chairman. * 

te „„ ; fodo , 1 '' ing papers and fliseussion constitute a symposium 
5 ' in P . S6nt ‘ dft y Practise and new developments of interconnection 
m vanous.parts of the United States. Some of the points to S'; 

» “»v w E *“‘ “ p, "‘ 0wlw “0 S»| 

*■ S qt b E ??“, ni ? of Operation; (c) Operati’ng Features- 

rS Control m r (6) L ° ad Dis P atci ™g Load 

a Physical fLi^ ^TI' 0 ° f Intercoun s°tion Operation; (g) . 
)s ^-~^ sl0al F&cts as to Interstate Power. ' 

a h i Conowi y°- H ydro-Electric Project of the Philadelphia Electric 

; 

; ‘ PacificS&EScCr^ Interconnecli0 ^ P - Downing, 

- - 

t -in genera]1 ^1°b.iSSS 

[ of r Bostn EClear ' EdiSOn E,0etrio Ilh ™iaatiug Company 

James Lyman, Sargent & Lundy, Ino. 

A. C. Marshall, The Detroit Edison Co. 

Farley Osgood, Consulting Engineer, 
li. G. Stone, Duquesuo Light Co. 

L. W. W. Morrow, Electrical World. 

W. S, Leo, Sou them Power Co. 

C. F. Hirshfeld, Detroit Edison Co. 

G. N.Tidd, American Gas & Bleetrio Co. 

R. A. Barrc, Southern California Edison Co. 

1. A. AHner, Pennsylvania Water & Power Co. 

Tuesday, 2:00 P. M. 

Th „^ E ™ NICAL Skssion ow Miscellaneous Subjects 

Tuesday, 8:00 P. M. 

Smoker and Entertainment 
Wednesday, 10:00 A. M. 

^ Electrical Machinery 

tTlfiSr"' R B «<■ C. A. NIokla, 

*ZZiSEEZZT* R R p “ k “ a B - B 

£, d : «■ w- 

• * 

WEDNESDAY, 2:00 P. Mr 

Ele ctrical Machinery r 
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INSTITUTE AND RELATED ACTIVITIES 


Recent Improvements in Turbine Generators, S. L. Henderson,and 
C. R. Soderberg, Westinghouse Electric & Mfg. Co, 

Design and Application of Two-Pole Synchronous Motors, D. W, 
McLonegan and I. H. Summers, General Electric Co. 

Heat Lossea in the Conductors of a D-C . Armature, W. V. Lyon, 

E. Wayne and M. L. Henderson, Massachusetts Institute of 
Technology. 

Effect of Transient Conditions on Application of D-C* Compound 
Motors, L. R, Ludwig, Wesfcingliouso Electric & Mfg. Co. 

Wednesday, 8:00 P. M. 

Presentation of John Fritz and Edison Medals 
(Seo details elsewhere in this announcement). 

, Thursday, 9:30 A, M. 

Communication 

Technical session under auspices of Committee on Communica¬ 
tion, H. W. Drake, Chairman. 

Transatlantic Telephony'— The Technical Problem, 0. B. Black- 
well, American Telephone & Telegraph Co. 

Transatlantic Telephony — The Operating Problem , K. W. Water- 
son, American Telephone & Telegraph Co, 

Following those papers there ■will be an exchange of greetings 
over the New Yorlc-London radiotelephone circuit between • 
Bancroft Gherardi, President of the American Institute of 
Electrical Engineers, and Archibald Page, President of the 
British Institution of Electrical Engineers, Greetings will 
also be exchanged between Dr. F. B. Jewett, Vice-President of 
the American Telephone and Telegraph Company and President 
of the Bell Telephone Laboratories, in charge of the development 
work done in this country leading to the establishment of the 
transatlantic service, and Colonel T. E. Purves, Chief Engineer 
of the British Post Office, who has charge of the development 
work done in England in this matter. 

Arrangements are being made for these exchanges of greetings 
to be heard by those present at the session of the A. I. B. E. in 
New York, and also by the members of the Institution of Electri¬ 
cal Engineers who will be having a regular afternoon meeting in 
London, simultaneous with the New York meeting. 

A Neio Horn-Type Loud Speaker , C, R. Hanna, Westinghouse 
Electric & Mfg. Co. 

Certain Topics in Telegraph Transmission Theory , H. B. Nyquist, 
American Telephone & Telegraph Co. 

Thursday, 1:30 and 2:00 P. M. 

Inspection Trips 
Thursday, 7:30 P, M. 

Dinner-Dance 

4 

Friday, 10:00 *A. M. 

Control and Protective Equipment and Substations 
Technical session under auspices of Committee on Protective 
Devices, F, L. Hunt, Chairman, 

Automatic Control of Edison Systems, O. J, Rotty, United 
Electric Light and Power Co., and E. L. Hough, General 
Electric Co. 

Protection of Supervisory Control Lines Against Overvoltage, 
Edward Beck, Westinghouse Electric & Mfg. Co. 

1926 Lightning Experience on 182-Kv . Transmission Lines , 
Philip Sporn, ..American Gas & Elec trio Co. 

Vacuum-Tube Synchronizing Equipment, T, A, E. Belt, General 
Electric Co. / 

Use of Condenser Type Bushing in Synchronizing, E. E. Sprack- 
len, Ohio Public Service Co., and D. E. Marshall and P. O. 
Langguth, Westinghouse Electric <fc Mfg, Co. , 

. Friday, 2fl0 P. M.‘ 

. *Ano Welding 

* 

Technical session under auspices of Committee on Electric^ 
* Welding, J! C. Lincoln, Chairman. 


Effects of Surface Materials on Metallic Arc-Welding Electrodes, 

J. B. Green, Fusion Welding Corp. * 

Arc Welding—Influence of Surrounding Atmosphere on the Are, 

P. Alexander, General Electric Co. 

Arc-Welded Structures and bridges, A. M. Candy, Westinghouse 

Electric & Mfg. Co, 

Welding and Manufacture of Large Electrical Apparatus , A. P, 

Wood, General Electric Co. , ■> 

Regional Meeting Held in Chicago 

HAS EXCELLENT ATTENDANCE, TAPERS AND DISCUSSIONS 

The meeting held in Chicago November 28^30 by the Great 
Lakes District was an outstanding one among regional meeting a 
of the Institute. The large attendance was particularly note¬ 
worthy, over 900 engineers attending the technical sessions, * 
including about 200 Student members of Branches in the »Dis- ■ 
triot. These figures do not include an additional number of 
guests who were present at the dinncr-dance held on the evening 
of November 29. All of the technical sessions drew a large * 
attendance, showing that the papers presented were of grea£ 
interest. A large number also took the inspection trips which 
had been arranged, « 

# Session on 132-Kv. Oil-Filled Cable 

The meeting opened on November 28 with a one-day program 
conducted by the Branches of the District, a full report of which 
is given elsewhere in this issue of the Journal. On the next 
day, November 29, the first regular technical session was held ^ 
and this session was devoted to a symposium on 132-Kv, Single- 
Conductor, Lead-Covered Cable . The session was opened with an 
address of welcome by B. G. Jamieson, Vice-President of the 
Great Lakes District, after which H, W. Eales, as presiding 
officer, took the chair and the four parts of the symposium were 
presented as follows: 

Introduction — Economics and Commercial Demand , P. Toroliio. 
Theory, Design and Development , L. Emanueli. * 

Manufacture, Inspection and Testing, W, S. Clark. 

Installation , A. II. Kekoe, C. H. Shaw, J. B, Noe and D. W, 

Roper. * . . ■ 

As part of his presentation Mr, Roper showed some very 
interesting motion pictures taken during installation of the cable* 
in Chicago. 

In the discussion following practically every disoussor com- 0 
mented on the magnitude of the accomplishments which have 
resulted in the successful operation of this cable, and several, 
pointed out the probability of the successful application of the 
principle to cables of even higher voltages. H. L. Wallau 
compared the over-all diameters of the old type of cable with the 
oil-filled cable, stating that with a maximum potential on a 
single-conductor solid cable of 80-lev. to sheath a maximum 
working stress of 150 lev. per in. would require an over-all diameter 
of 3.19 in. and would give a safety factor of 1.77; while the oil- 
filled cable with a maximum working stress of 160-lcv. per in. 
would have an over-all diameter of about 3 in. and a*safety 
factor of 3.5 to 4, As a definition of safety factor he used the 
ratio of the indefinitely sustained breakdown* voltage to the 
operating voltage. Further he pointed out that possibly operat¬ 
ing experience with the 132-kv. cable may prove that a factor of* 
safety of 2 to 2.5 is liberal. This would bring 220-kv.. cables 
into the 3-in. diameter class. He pointed out that the oil-filled 
cable costs $2.13 per kv-a, mile and that if experience proves 
that this cable may safely be operated at 220 kv. with the same 
ampere loading, the cost would be reduced to $1,28 per kv-a. 
mile. Ho mentioned that the cost of 66-kv. solid-insulation 
cable in*Cleveland based on 35,000 kv-a. per circuit ia $1.62 
per kv-a-mile. 

j, B. Whitehead spoke of a certain statement made by Mr.. 
Clark regarding a descending power-factor voltage ourVe indi- 

# eating a negative ionization coefficient. Mr. Clark had stated 

# that the descending curve anight;have been duo to errors in 


• ♦ • • • • 
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measurement. Dr. Whitehead pointed out, however that his 
experiments had shown many such ourves and iw'fi 
inherent in perfectly impregnated insulation when the tempera- 

Hl> -V- « »— 

• Si,?"." 11 r™ p ”‘ in work «»:S 

. ec f n omw phase would be quite changed He menfilnlT ‘ n 

• s^ssar. kSSsSt 

In answering a question E. W. Miller exnlain«rl n,„ f J 
amount of oil which flnws ir,k« n explained that the 

• SS? k?£===H=S 

^Ksat^asKs; 

that tiie cost of the Chicago cable was $1 250 00n “ft 01 ? 8 * 1 1 

i”=£“ i : 

&£&£££* ! 

• maximum number of men wnrlciDD* n'n ni * ° r ^ V6 days ' i 

• SK8SI0N ^ RAIWAV a«n™no*«DH ano Applications m f 
\ The second session held on the afternoon of November 20 “ 

railroad^a storag^bftt^ loclmottve el8Ctri ° al opomUon of v 

and synchronous motors for steel mills ’ ™ e ^ ou ^' arc rectifiers h 

Illinois Central Sub urban Service; First IWbLn^o ® 1119 . 0 ' 1 f{ 

in Chicago, was presented by W. M. VundmJ { "!'* ^, pcraUon °i 
tliig paper A AT rev. a.*, • * , * anderslms, In discussing ui 

breakers in subs^i^SrS"? ft h ft Speed al 

^00 and 600 timesln one mi? *J r ?f d bad opoMfi between di 
operate properly. A J Klatte nf ri ft- none ^ ad failed to in 
stated that, although a decrease miin T S ° SurfaC6 Lines ** 
company’s revenue in K, q 7 be6u 6Xpected i» his of 
eleqStion ° ft ***** »• *■ 

increased on every oarTe to mh n. "!* and the revenue h ** Cc 
Central. 5 car j,ne touching, crossing or near the Illinois hu 

Berkshire. H. V. *StoSstlted th^, 0 Was read ^ Mr - b® 
a synchronous motor on a ooW s r S m I! wTm T *•**»** He 
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1 m twftnft U f y ' P ° Wer - factor ““tors are ordinarily cheaper 
an 80 per cent power-factor machines, but this is nnf- J,,i 

tkm H m * ft baving a P«b-out torque between 250 and 300 per cent 
t.on He stated that when no corrective kv-a. is required than a 90 W 

iM Z 2 r r r“ t " T“” '*»”’»“■ »*L* ZZSP 

*”»*■> by B. A. Itotoead „„ „ od JS 

ued out several considerations which make the synchronous motS 

7£ Tl SSlrabl6 tha “ tlle ‘Auction motor Jsbw-sp ed Tow 
ho starting-torque, non-reversible applications. F S HaSr 

the usually Mss’ H ft - ° f the ‘^uchronous machine is 

l H T ^o rron ^^ 

per min ’ unit for driv ’ ing a e ° n: 

ige rtuTiv/*; n0X ^ P ape ^> presented bj' Caesor Antoniono, was entitled 

S SC“,v«l sf°™T/, "•*»» -*» «-S “ 

* wriZ'diSLlz u u h’S:: **«- a 
hi . Z“ i»n .^ ‘ZhJvftolJZidZ 

.d jii “ !i mittae »■>»««t “»™. 

; *■“saanarKffx jssg,r 
; E=i==““r~3 ; 

5 s^atomen^that^a krger numimr^f^auril^ 11 ^ 
s reotifler tlmn for a converter auxiliaries are needed for a 

: «** be »^e of to '• 

cycle conveXs are ** ** 60 * i 

practically no short circuits & M s m ^ Coud . ltlQns wit b 
absence of noise and the ease of 

da sous si on by Sidney Within^™ ® : mer * A wrifc ^n 

o,„ P Z eo»v“ Z”T a*1 1 ’* 

speaking of.future requirements mn fin n . Q ’ Jam ieson in. 

be need for some JS! “ft Ulat there will 

:™riri,tdZrzi b r^ f t: 

“ h -^ -*j- «■“ srz.S'irs^z -J 
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serious trouble Prom cooling water causing severe cases of 
electrolysis within the rectifier. He suggested the use of oil or 
air as a cooling medium. Ho stated that back-fire is not more 
serious; than flashover in a converter. He also mentioned that 
the ripple in the d-o. output might cause trouble in certain 
instances by interference with communication systems. O- IC. 
Marti elaftned that back-fire property controlled oan do no harm 
to the rectifier or to the transformer. He pointed out that 
rectifiers developed by his company have no anode heaters and 
no motor generators for excitation as they are excited directly 
with alternating current. Ho mentioned that his company lias 
developed rectifiers rated as high as 4400 lew, 000 vol ts. 

Mr. Antoniono, in commenting on the discussion, stated that it 
is a fact that the rectifier in this case was expected to do the 
work that the 1500-ltw. convertors are doing in the same section 
of the road. He stated that a 1500-lav, rectifier had been con¬ 
sidered but that the 1000-lav. unit was the largest the manufac¬ 
turer could produce when it was bought. He agreed that the 
number of auxiliary devices will be dooreased in the future. He 
mentioned that in operation in liis company's stations no pro¬ 
tective devices had been able to prevent flashovors of convertors. 
Ho stated that ho had experienced no electrolysis from cooling 
water in his station. 

The next paper Operating Experience with 125-Ton Storage- 
Battery Locomotive in Chicago Railroad Terminals was presented 
by Edward Taylor. 

Session on Power Systems 

Subjects relating to power systems were covered in the third 
technical session on the morning of November 30, at which 
H, B. Gear was presiding officer, The first paper was presented 
by E. 0. Williams, the author, and was entitled The Chicago 
Regional Poiver System . Commenting on this paper Mr. Gear 
pointed out that probably the most important feature is the 
interchange contract described in the paper. J. L. Hocht 
emphasized one of the points illustrated by the paper, namely, 
that having trunk-line interconnections between generating 
centers makes reserve capacity at any point available to the 
entire system, T. G. LeCIair pointed out that a limit may be 
reached as to tho.amount of generating capacity which may be 
tied together and that such a limit is set from the economic 
standpoint by the cost of switch gear which increases very fast 
as more generating capacity is tied in. One plan of overcoming 
this increasing expense is to develop a system wljerein the fault 
current is different from the load current. Such a system has 
been developed in Chicago by means of single-phase cables and 
transformers and isolated-phase switching stations. The fault 
currents are thereby limited to single-phase-to-ground faults 
and these currents aro minimised by the use of neutral resistors. 

p. C. Hanker mentioned another point in connection with 
circuit breakers and that is that if a fault can be removed from 
one part of a large interconnected system quickly enough to 
prevent phase displacement of another generating unit then the 
load will continue to be supplied without interruption. He 
mentioned that the principle covered by Mr. LoClair was being 
employed by several companies and that the amount of energy 
to be interrupted was limited to a certain value of kv-a. H. L. 
Wallau in commenting on this same thought stated that his 
company will not tie together lines of 100,000 volts and higher. 
All these lines ano tied together only on the low-voltage side of 
their transformers. - This limits the amount of power that may 
be developed in case of a transient fault and reduces the duty 
on the circuit breakers, B. M. Jones mentioned the necessity for 
careful consideration of contracts when generating centers are 
tied together. • 

The next paper ThV Hall High-Speed Recorder was presented by 
E, M. Tingley. OH, Hall elaborated on some parts of the paper, 
covering particularly fchd matter of speed in starting of tho record^ 
and arrangements for recording various special conditions. 
B. G Jaihieson in commenting on the speed of operation of this 1 




recorder brought out the need not only for an instrument which 
records very quickly but for a device wlnoh will also begin to 
clear a fault in a comparatively short time. In speaking in 
general of high-speed recording equipment F. C. Hanker men¬ 
tioned the use of a newly developed oscillograph which begins 
operation within five or six cycles after the start of a fault and 
which employs a new type of watt-measuring element. This 
instrument has been of great service during the past two years m 
on some of the Pacific Coast systems. 

The next paper The Application of Relays for the Protection of 
Power-Systems Interconnections by L. M. Crichton and H. C. 
Graves was read by tire latter author. In commenting on this 
paper H. D, Bradley drew attention to the fact that with th© 
ground relay there is a possibility of improper operatiofi unless 
the potential transformers are single-phase. He stated that on * 
the 132-lcv. cable in New York it was possible to use a directional 
ground relay which he believes can be set to operate at leSs’than 
100 amperes. L. F. Kennedy brought up th© difficulty of i>ro~ 
tooting power transformers used in interconnections, particularly„ 
where these transformers are of tho three-winding type and < 
provided with tap-changing arrangements. He stated that 
growing importance should be given to protection against ground 
faults since with the higher voltages more ground faults occur * 

‘ than tlioso of any other type and that nearly every short circuit 
eventually goes to ground. He thought that for parallel-line 
operation a balanced hookup with the necessary back-up pro¬ 
tection provided by over-current relays is probably thp most 
desirable scheme on account of its simplicity. F. D. Wyatt t 
said that with balanced protection applied tp a pair of lines it ia 
usually assumed that they have the same impedance character¬ 
istics but that this is not always the case; when the lines haVe 
unequal characteristics it is necessary to make proportional ad jus t- 
ments of the relays. He mentioned malso the possibility of 
induced voltages being applied from external circuits to one of 
a good pair of lines. 

In a written discussion E, E. George mentioned in connection 
with ground-relay protection the necessity for providing good 
current transformers and the advisability of testing them with 
current in one phase only after connections are completed. He 
said that the following were some of the results of operating 
experience which have been obtained by certain companies in* 
his part of the country: (1) power-directional relays are of little 
value on interconnected systems; (2) impedance relays are 
reasonably satisfactory; (3) directional ground relays of the 
type using two current elements and connected as per Fi®. YU 
in the paper under discussion have been remarkably satsifaetory; 

(4) selective differential relays have been very satisfactory when 
properly set and interlocked; and (5) directional volt-ampere 
relays have given some trouble due to variation in p favor factor 
relations. ■ , 

B. M. Jones in a written discussion said that it has been his 
company's experience that complicated relay schemes are nob 
desirable and that the schemes are made as simple and at the 
same time as small in number , as possible. H© mentiSned a 
particular 00/132-kv. tie lino on each end of which is installed 
two sets of over-current relays. ■ One set of relays at each end nro 
“fast relays” which operate in the case of trouble^on the tie line, 
itself. The other sot are 4 ‘slow relays,” which operate for trouble* 
outside of the tie lino and which aro set slow enough to allow the 
relays of the two connected power companies to clear their own 
troubles unless those troubles hold on for a very * long time 
in which case the slow relays break the tie. The ground relays 
are set fast and operate for trouble on the tie line itself. In 
commenting on this' discussion Mr. Graves agreed that th© 
setting of relays on complicated systems requires the skill of 
relay specialists. Ho stated that ground-relay protection, 
alone, is not satisfactory. # ' 

* J. F. H. Douglas next presented the paper by himself and K W. 

► Kane, entitled Alternator Characteristics wider Conditions 

• • • 
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A pproaching Instability. B. A. Behrend in commenting on this 
paper by letter draw attention to the method which he recom¬ 
mended, the Potier-Bebrend zero-power-factor method for the 
detanmnation of the regulation of alternators. He stated that 
tins method through 28 years of use had proved fundl 

terter li7 t C0r 7 0t ' -^f 6 su KK0sted that in designing a genera- 
tor for a long transmission line the natural oscillation frequencies 

*tlmt teiff" n T 0f the Syst0m sIlould be made different'and 
that this would do much to improve operating stability He 

hfhSlt al .?n a ^ S Whi ° h WiU Bive 8reat0r stability should 
. be built but said that it would be regretable if in striving for this 

end large gAmrat^s will have to be built again with strong fields 

y "“ in '“ of 

‘ St ^sorin a written discussion disagreed with the author's 
statement that there should be difficulty in plotting saturation 
mves at leading power factor from a theoretical standpoint 
and said that he had successfully used the Potier triangle for this 

• S 9 ' , H ° T nfirmed Mr ‘ BgM ' b statement that powi 
stabihty depends upon the combined characteristics of network 
aud generators. M. W. Smith pointed out that except in the 
. oaso of very ? w ‘ e ° bagh-speed machines no difficulties have been 

' ^■r? nCed | ,11 i Pl ’v lUCiU& n,a °bines for any desired degree of 
stabihty under leading-power-faotor operation. Such machines 
however, have to be of special design. In commenting on this 
point F. D Newbury mentioned that in one case approximately 
WaS ° btained at only a 10 P er C0 nt inorease in 

Seq$ion on Communication 

The last session of the meeting held on the afternoon of 
November 30 covered the subjects of telephone oable, telephone 

W?thH n VH U n m ~ tUb V 0lt T terS and vaouum - tu be rectifiers. 
With £1. L. Hope presiding, the meeting opened with the nre- 

sentation of the paper Recent Developments in the Process of 
Manufacturing Lead-Covered Telephone Cable by C D Hart 

rrT ntin ? 0n f 1 " P f P6r Mr ' Newbar mentioned that the 
' T “n f ° e °, ° t0ra in a t0l °Pbone cable has been 
made possible by employing smaller conductors and thinner 

Zi iT' 7 r6SUltS ia ‘ in0reased transmission losses and 
-^‘--balanced by improvements in other 
PMts of the telephone system, such as transmitter, receiver 
» ndl ' ot,1 I °" C0l!f loading coil, amplifier, etc. H. P. Charlesworth 
pointed out that there is now an all-cable route from Boston to 
St Louis with various branches and that there are long stretches 
of cable m other parts of the country. He pointed out tent tho 
ampbfication necessary for telephone transmission is maintained 
on a stable basis, even though the.temperature may vary con¬ 
siderably aloug the cable. • " vary COn- 

_ The next paper Tefep/mne Toll Plant in the Chicago Region bv 
Burke Smith and S. B. West was presented by Mr. Smith 
G. S. Bring mentioned that a 1000-oycle system of ringing is 
ooming into use on the longer toU circuits. This ring has the 

afTeeof H g 1S * ratlSmitted . at Poetically the same efficiency 
as speech H. 8. Osborne pointed out the necessity for high 
amphfioation and limitation of distortion in transmission on 
cab e circiute. He mentioned the use of voice-current relays for 
Suppressing echo currents reflected from the ends of long oSles 
The next paper was entitled A Two-Range, Vacuum-Tube 
Voltmeter and was written by C. M. Jansky, Jr. andVT 
Eeldman, the former of whom.presented it. ’ ' * 

Kublmailn 116x1 Presented the paper The Vacuum-Tube 
Rectifier . written by himself and J. P. Barton. H. S Read in 
commenting on the paper made an interesting comSon 
stating that the ordinary sounds which we hear, if reduced to 
proportional distances, would have a range from a half innh i • 
two-thirds the distance to the sun. C. M jL W 1 !lw 7° 
that many of the commercial rectifiers similar to tee one desSribed 
in the paper have lugb internal resistance and consequently poor 
voltage regulation. J. P. Banton statfiS that tee vEgereS- 
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lation in the rectifier described in the paper was approximately 
23 per cent, though he recommended the use of inductances with 
less resistance. He mentioned that one reason for the poor 
voltage regulation of some rectifiers is that the designers do not 
take into account the direot ourrent component which they must 

n T E f,,ltller that the hi ^oItage transformer 
also should have good regulation. « 

Inspection Trips 

Pour very interesting trips of inspection were taken bv many of 
these at the convention. These trips were made to view flrst- 
hand (1) the 132-kv. cable installation of the Commonwealth 

Steof r°TTn -, 2) the electrifled Sou * Shore Line of the 
Illinois Central Railroad, (3) Crawford Avenue Station of the 

Commonwealth Edison Company and (4) a plant of the Wis¬ 
consin Steel Company. 

Dinnbh Dance 

A very enjoyable dinner dance was held on Tuesday evening 
November 29. The only speaker of tee evening was C M.’ 
Newcomb, who spoke on “The Psychology of Laughter.” After 
tills lecture dancing was enjoyed until a late hour. 


Special Institute Meeting 

A special meeting of the American Institute of Electrionl 
Engmeers was held at tee Drake Hotel, Chicago, on Tuesday 
afternoon, November 29,1927, at 2:05 o’clock. 7 

thfmirDr^ Ca l l0d thS me0fcing t0 order and stated that 

tee purpose of the meeting was to consider tee adoption of a 

resolution which had been prepared by tee counsel of the luBti- 

llTlT ( Tn y ^ Board 0f Direotors ’ autho“n 

ivith fhn 0 taa Cortiflcftte of Incorporation of the Institute 
wth the object of holding the Annual Meeting'hereafter during 
the Annual Summer Convention. He then referred to tea 

:S“1°E 6 C ° nStHUti0n ^ 8 ^ «« a -ta 

CommS SGOl '7 ai ' y Hatohinson rs Ported that a Special 
r , a- 8 ° n - Proxl6s lmd been appointed by President 
RalnhH’ - nsistl6g Messrs ' R. E. Sohuchardt, Chairman, 
presented and that this committee had 

legal forn,7» n 610 the President showing that 606 proxies in 

r l that tbeSe P ™> *“addition 

“ pn ’ p * nil1 v th. Institute'. 

worth of New York N v UP ° n T* ° n ° f Mr ' H ’ P - Cbarl6S - 

Newark NT JE’ N - Y ” f corlde(l by Mr. E. B. Meyer of 
vewara, W. J., was unanimously adopted. 

Eng, 7^° ? f InC01 ' 1,0l ' ation of American 
paragi'apu Seveutli thereof, now reading as^ou'owsf 6 ^ ^ pr0VldlnB lhafc 

third Tuesda ^^ 8 May taeacu^yoar .” 8 anm ' al “ eotin 8 sIlali be the 
shall hereafter read as follows: 

1028 shall ba Tuesday, f Jun6°7e Ue i92a T th m6Q f tlUg for the year 
data as stall bo aiedlu the By-Laws ” ’ d hereafter shall bo such 

Institute of Electrical Engineers be and ° nal Secretary of the American 
oxecuto and flio a certificate of siieli nm^i^ here ^y ^’0 authorized to 

ss-ts 

• F - L. HUTCHINSON, 

, National Secretary.* 



* 
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Future Section Meetings 

Cleveland 

Today's Science, Tomorrow's Engineering, by L. A, Hawkins, 
General Electric Co. Electric League Boom, Hotel State, 
8:00 p*. m. January 19. 

Power Plant Development, by C. F. HirslifelcI, Detroit Edison 
Co. Electric League Room, Hotel Statler, 8:00 p. m. Febru¬ 
ary 16, 

Columbus 

Illuminating Meeting. January 27. 

Modern Trend in Large Generating Apparatus, by F. D. New¬ 
bury, Westinghouse Eleotrio & Mfg. Co. Film, entitled “From 
Coal to Electricity.” February 24. _ 

Erie 

Recent Developments in the Art of Communication, by S. P. 
Grace, Bell Telephone Laboratories, Inc. January 17. 

Commercial Aviation , by W. B. Stout, Stout Metal Airplane 
Co. February 21. 

Ithaca 

Traffic in Radio Communication, . by F. IT- Kroger, Radio 
Corp, of America. January 26. 

Lynn 

Motion picture, entitled "Age of Speed,” 42 Centro Street,* 
W. Lynn. January 11. 

The Age of Man, by Prof. R. S. Lull, Yale University. Illus- 
trated. Ladies’ Nigbt, Pythian Hall, Market Street, Lynn. 
January 20. 

Hydroelectric Power Developments in the South , by W. L. 
Mitchell, Vice-President, Georgia Power Co, 42 Centre Street, 
West Lynn. February 13. 

New York 

Interconnection of Power Systems, by Alex Dow, President, 
Detroit Edison Co., and Farley Osgood, Consulting Engineer. 
January 13. 

Niagara Frontier 

Simple Electric Transients and Traveling TF«ms, by 
V. Karapetoff, Cornell University. Technical and musical 
program. Ladies invited. January 13. 

Latest Developments of Welding, by C. L. Ipsen, General 
Eleotrio Co. February 10. 

Pittsburgh •• •' 

Symposium on A-C . Network Systems , by C. T. Sinclair, 
Byllesby Engg. & Management Corp., and IT, R, Searing, 
United Electric Light & Power Co. Talk by Bancroft Gherardi, 
National President. January 10. ' . ' 

The Engineer in Industry, by W. S. Rugg, Vice-President, 
Westinghouse Eleotrio &Mfg. Co. February 14. 

Pittsfield 

Steam Power Stations, by F. S. Collins, Chicago. Stanley 
Club Rooms. January 24. 

Floods and Flood Control, by Dr. Frank Bohn. Masonic 

Temple. February 7. ^ ^ TT . 

Heaviside's Operational Calculus, by Dr. E. J. Berg, Union 
University. Stanley Club Rooms. February 21. 

St. Louis 

Important Small Materials Used in the Telephone Industry, 
by Gf. S. Rutherford, Western Eleotrio Co. January 18. 

Superpower Transmission, by Robert Treat, General Elec¬ 
tric Co. February 15. 

Sharon 

Raising the Submarine S-61, by Lieut. Commander Edward 
EUsberg.U. S.N.‘Movingpiotures. Jiyiuary7. • • 

New Developments in Supervisory Control, by R. J. Wensley, 
Westinghouse Electric & Mfg. Co. Moving piotures and 
demonstration ■» February 7. 


Vancouver 

Visit to Fire Dispatch Installation. January 10. 

Students’ Night at University of British. Qolumbia. February , 

New York Section Meeting on “Inter- 
connection of Power Sys tems* 5 

“Interconnection of Powor Systems” will* be tko subject of tlie 
January 13, 1928 meeting of the. New Yprk Section of tlie^ 

A. I. E. E. Two speakers will cover the subject from the follow¬ 
ing viewpoints: Concerning Utility Connections, by Alex Dow, 
President, Detroit Edison Company, and recently elected ^ 
President of the American Society of Mechanical* Engineers, 
Interconnections in the New York-Philadelphia Territory, Farley 
Osgood, Consulting Engineer, New York. The meeting will 
be held jointly with the Metropolitan Section of the A. S. M. 1^ 
in the Engineering Auditorium, 29 West 39tli St., Now York 
at 8:15 p. in. Friday, January 13, 3928, 

“Review of Scientific Developments of 1927” * 
Before New York Electrical Society ^ 

On the evening of Thursday, January 26, 1928, the mombers 
of the New York Electrical Society will have the pleasure of* 
hearing a “Review of the Scientific Developments of 1927. 

Dr. II. Clyde Snook, now consulting engineer, but for many 
years on the staff of Bell Telephone Laboratories, will give the 
talk. It will bo accompanied by many demonstrations for 
which apparatus is now being gathered from scientific center^ 
all over the country. This review of the wonders of 1927 is the 
second animal meeting of this type given before the Society 
and from the interest manifested in the 1926 review, it shdhld 
draw a record audience. Di\ Snook combines the master 
showman and gifted speaker, intimately in touch with the 
scientific field. The Now York Electrical Society extends an 
invitation to all members of the A. I. E, E. to bo present on the 
26th as its guests. The meeting will be held in the Engineering 
Auditorium, 29 West 39tli St., New York City at 8:15 p. m, 

A, I. E. E. Nominations 

The National Nominating Committee of the Institute met tit 
Institute Headquarters, New York, December 15, and selected^ 
a complete official ticket of candidates for the Institute offices 
that will become vacant August 1, 1928. 

The committee consists of fifteen members, one selected by the 
executive committee of each of the ten Geographical Districts, 
and the remaining five elected by tlio Board of Directors from 
its own membership. 

Those present were: George IT, Ahiborn, lopelca, Kansas, 
C. C. Chesney, Pittsfield, Mass.; A. B. Cooper, Toronto, OnL; 
H. C. Don Carlos, Toronto, Ont.j O, J. Ferguson, Lincoln, 
Neb.; John B. Fislcen, Spokane, Wash.; II. W. Hitchcock, Los 
jf'VngeloSj Calif.; B. G. Jamieson, Chicago, Ill.; J. E* Kearns, 
Chicago, Ill.; II, A. Kidder, New York, N. Y.; G. L.* Knight, 
'Brooklyn, N. Y.; IT. P< Liversidge, Philadelphia, Pa.; L. W. W. 
Morrow, New York, N. Y.; Arthur G. Pierce, Cleveland, Ohio; 
W. S. Rodman, University, Va.; and National Secretary F, L, 
Hutchinson. Mr. C. C. Chesnoy was unanimously elected 
chairman of the committee. 

The following is a list of tlio official candidates: 

FOR PRESIDENT 

R. F. Sclmohardt, Electrical Engineer, Commonwealth 
Edison Company, Chicago, Ill. 

FOR VICE-PRESIDENTS 

North Eastern District: E. B. Merriam, Engineer, Switoh- 
board Department, Qeneval Electric Company, Schenectady, 
N.Y. 
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P° rk Cl 7 , Dl . stuot; H * A - Kidder, Superintendent of 
Y ’ nt0rboroug:l1 Rapid T ™nsit Company, New 

Great Lakes District: W. T. Ryan, Professor, Eleotrie Power 
Engmeenng, University of Minnesota, Minneapolis, Minn. 

JS? Y° st ° ,stricfc: D - Hull, Engineer, Southwestern 

Bell Telephone Company, Dallas, Texas. 

P,lTl llWe f t . DiS tri< l fc : t G ‘ E ’ Ql,inatl ' Chief Electrical Engineer, 
, Puget Sound Power & Light Company, Seattle, Wash. 

FOR MANAGERS 

• o±* B w‘ iS ' ^'President, Kansas City Power & Light 

Company, Kansas City, Mo, * 

J. Allen Jolimfm, Electrical Engineer, Niagara Falls Power 
Company, Niagara Falls, N. Y. 

•Eteohfe V^n? Ut0ke °^ Engineering Viee - p rasident, Reliance 
h-lectuo & Engineering Company, Cleveland, Ohio. 

. FOR TREASURER 

George A. Hamilton, Elizabeth, N. J. (re-nominated). 

• V, J'h 0 C .° n ®ti°n. and By-Laws of the Institute provide that 

by tbe National Nominating Committee 
sBall be published in the January issue of the Institute Journo, 

* below r ° V1S,0n 18 mad ° f ° r mdependent nominations as indicated 

CONSTITUTION 

twontv n™ /oKvT 0,1,t n0ml,lftttons ”<* ^ mado by a politic of 
and as'nrovldci t0 tho National Secretary when 

Vlcc-Presldonta shall be "! UC J petltlons fo ‘' tllu nomination *of 

.concern* S °" ly by membc,s wlthl “ tllB District 

w • • BY-LAWS 

»<^-„rr^r^rrriri; i ;,r.zssr 

On the ballot prepared by the National Nominating Committee in .. 
cordanco yrftu Article VI of the Constitution and sent bl" the NaUo.ni 
Secretary to all qualified voters during the first week in Mareh nf eleV 
year, tlio names of the candidates shall bo grouped alphabetically unrW 
the name of tbe office for which each is a candidal ' V Und ° r 

National Nominating Committee 
Hy F, L, Hutchinson, 

* : Secretary 

Biographical Sketches of Candidates 
FOR PRESIDENT 

Schuchardt 

Rudolph Frederick Sclmohardt was born in Milwaukee 
. lsC!0ns ‘ n ' Deoember 14, I87S, and received bis early education 
m private and public schools in that city. He was Graduated 
from the Unfverslty of Wisconsin‘with the degree of B S in 
iU JuUe ' 1897 ' and awarded the degree 

: Duriug the first year after l.is graduation, he was employed 

i^l^r 116 (Wis - 1 ) 1 Eleotri « W* and Power Company as 
genei al u tihty man, and later by Meysenburg and Badt, Cliicago 
as engweenag salesman. Since July 1, 1898, he has been with 

wealri E^sor O ° n Comp "5 r aud its accessor, the Common- 
vs oalth Debsoil Company. He V as in the Testing Department; 

r 1809 t0 November 1906, passing through S 
f l f an a f lsfcaylt; to the acting head, which position he 
- held for 14 months. In November 1906, Mr. Schuchardt was 
W'nted Engmeer of Electrical Construotion, and in 1909 ho 

- *• — 

While acting head of the Testing Denartmanf u i 
sponsible charge of and personally directed all engineenng and 

: sS aa T H StS “ - aU Stati ° n aad substa tion equipmentTn 
r If , th9 P ° Slti0Q wbioh he «»* holds, he is in charge of 
- Sf'T?W on in stations ftnd substations, and has 

it SSS ' Work ° n the comp,ete sobem6 of «y«tem 
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Ho is the author of a booldet entitled "Panama and tlifii 
Isthmian Canal,” and a number of technical papers oil such sub- 
]ects as meters, transformer testing, rotary converter substation# 
and the protection of high voltage transmission systems. ‘ 
ionf S f luchardt was elected an Associate of the Institute fc® 
1903, and was advanced to the grade of Member in 1909 and to 
t °, ■T'*!- ° Follow in 1912. I-Ie was a Vice-President of thA- 
Ins itute for the years 1922-1924. His committee activities 
in the Institute have been as follows: chairman of Power Genera¬ 
tion Committee 1921-22; and member at various times of thA 
Education, Power Generation, Protective Devices, Standards, 
Power Transmission and Distribution, Meetings and Paper*. 
Executive, Electrical Machinery, and Law Committees. He is 
still a member of the Law Commit too. 

His other society memberships include Institution of Electrical 
ngmeors (Great Britain), Western Society of Engineers, Illumi¬ 
nating Engineering Society, National Electrio Light Association, 
S f OC ' 0 * y . of Araei ' lcau Military Engineers, and American Academy 

Betap'i ° CiaI S ° ienC0, He “ a,S ° a raember of Ta « 

FOR VICE-PRESIDENTS 

E. R, Merriam 

Ezra Bassett Merriam is Engineer of the Switchboard Doparfc- 

ilTn ° f vr 6 Q ® nei ' al Elookio Company. He was born May 21, 
1880, in New Haven, Couneticut. 

He entered the student engineers department of the General 
E ectnc Company hi 1900. After leaving this department, 
Mr. Merriam had charge of outside testing for the Switchboard 
.Department. Later he was connected with the designing 
department, having to his credit many patents on circuit inter¬ 
rupting and switohboard devices, and considerable pioneering 
work in outdoor switching stations. 

Leaving the Switohboard Department as Assistant Engineer, 
in 1917 he wasappointed Director of Industrial Relations of tlio 
Schenectady Works of the General Electrio Company, and in 
U32, leai mg the factory work, was appointed Executive Engi- 
“llf. th ® Switchboard Department, this department having 
L *. ln Baltllnol '°’ Philadelphia, and Schenectady. In June, 

uEhf T ai)pomted E,1 el«eer of the Switchboard Department, 
which position he now occupies. 

Mr. Merriam joined the Institute in 1906, and was transferred 

If grade T of Men,bor 1923. He lias done much useful 

of he ScS 6 “ i c T d iS n ° W a Director - He was chairman 
of the Schenectady Section in 1911-12. and during recent years 

has served as a member of the Education, Protective Devices 

i PP l 1C t ° US t0 , Mai ' m . e Work - aud Law Committees. He is at 

the CommiUee 61 ’ ^he iasfc two of these committees as well as 

ChaiSZ f h ir aSh '', lmfiIlts aild Measurements, and is 
L-haiiman of the Membership Committee. 

H. A* Kidder 

Harry Alvin Kidder is Superintendent of Motive Power of the 
terborough Rapid Transit Company of New York City. He 
was born in Cambridge, Massachusetts, March 24,1874 y After 
Sevel ' al years a "umber of small steam 

the Genef«| W W° r t • n 6ntei ' 6Cl tk6 Testin S Department of 
nlnvS n Electrlc .Company in 1903. He was later em- 
( . S au 6n2 . lnecir la tlle Railway Motor Department of that 
Company, remaining there until 1906 when he went with the 

SuneriZHf M d Ti : an3i , t Compa ^ ^ Assistant E Ictrie a l 
1 , . , enE Appointed Electrical Superintendent in 1914 
and Assistant Superintendent of Motive Power in 1920 he be- 
came Superintendent of Motive Power in 1921. 

He vi as elected an Associate of the Institute in 1906 was 

& =• SL, 

^ 1 1 ' =**» MedU, TrMMportation, *J. s. SSSS 
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Committee, I, E, C„ and Special Committees on Institute 
Prizes, Technical Activities, and Contacts with the Public. 

At present he is a member of the first nine committees named 
and Chairman of the Finance Committee. He lias been a 
Director since 1925, and was Chairman of the New York Section 
during the year 1925-26, Ho has been Chairman of the Winter 
Conventiojn Committee and has served as a member of that 
Committee several times, 

Mr. Kidder is a Past-President of the New York ELeetrical 
Society, a Trustee of the United Engineering Society, and a 
member of the Assembly of the American Engineering Council 
He is also a member of the American Electric Railway Association, 

W. T. Itynn 

* William T. Ryan, E. E„ Professor of Electric Power Engineer¬ 
ing at the University of Minnesota, and Consulting Electrical 
Engineer, was born at Joice, Iowa, February 28, 1882. Ho is a 
graduate of the University of Minnesota. 

His first years after graduation were spent with the Westing- 
house Electric and Manufacturing Company at East Pittsburgh, 
Pa. and at Salt Lake City, Utah. In 1907 lie went to the Uni¬ 
versity of Minnesota as Instructor m Electrical Engineoring. 
Since 1923 he has been Professor of Electric Power Engineering, 
Since 1921 he has also supervised the valuation of public utility 
properties for the Minnesota Tax Commission, Ho lias done , 
considerable consulting work in Minnesota and South Dakota 
during the last 15 years, 

His published writings include three books and about 40 
magazine articles. 

Professor Ryan joined the Institute in 1907, and was trans¬ 
ferred to the grade of Member in 1912. He has twice been 
Chairman of the Minnesota Section, and now represents that 
Section on the Board of Directors of the Minnesota Federation 
of Architectural and Engineering Societies, In 1923 he was 
President of Tiro Engineers’ Club of Minneapolis and in 1924 
was President of the Minnesota Federation of Architectural 
and Engineering Societies. As President of the Engineers 
Club of Minneapolis and later as President of the Minnesota 
Federation, he fostered very effectively the idea of engineers 
taking a much greater part in civic and public affairs by giving 
their service to and cooperating with the various civic bodies, 
and City and State departments. 

His other memberships include Sigma Xi, Tau Beta Pi, 
Eta Kappa Nu, Society for the Promotion of Engineering 
Education, and National Electric Light Association, He is 
also a member of a number of local organizations and several 
important committees, 

n. n. Hull 

Blake D. Hull was bom at Galesburg, Michigan, September 
12, 1882. Soon thereafter, his parents moved to Ddplios, 
Kansas; at which point ho received his grade and high school 
education. He entered the University of Kansas in 1900, 
taking some special courses in economics and civil engineering, 
finishing in 1905 with a Bachelor of Science degree in electrical 
engineering. 

In July of 1905, he entered the Engineering Department of the 
Bell Telephone Company at Kansas City, and has been with 
that' Company in engineering work of various kinds since^that 
date, 

In 1912 he was transferred to the general staff at St. Louis 
and in 1926 to Dallas, Texas, where he is now in charge of all 
engineering work for the Boll properties in the State of Texas. 

In local Institute work he has taken a productive part. He 
became an Associate in 1915 and a Member in 1926, While 
serving as chairman of the St. Louis Section in 1924-25, lie was 
made chairman of the Spring Convention held in %hat city in 
1925, and directed^ very successful meeting. 

His other memberships include the Institute oPjRadio Engineers 

and local organisations. , 
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Gcordc fi. Quinan 

George E. Quinan, Chief Eleotrical Engineer, Puget Sound 
Power and Light Company, Seattle, Washington, was born in 
Chicago in 1878. After graduating from the University of 
California in 1903, he was employed by the Wasliington Water 
Power Company on construction work, later doing similar work 
for the Tacoma Railway and Power Company. In 1907 he 
became Assistant Superintendent of that company. In 1911 
he was made Operating Superintendent of the then Seattle „ 
Electric Co., later the Puget Sound Traction, Light, and Power 
Company, and in 1915 was engineer in charge of electrical and 
mechanical engineering in the Seattle District, finally reaching 
his present position of Chief Eleotrical Engineer. Mr. Quinan 
joined the Institute in 1918 and was transferred to the grade of 
Fellow in the same year. He has served on the Safety Codes^nd 
the Membership Committees. During the administrative year ^ 
1919-20 lie was Chairman of the Seattle Section. 

FOR MANAGERS 

A. E. Bettis 

Alexander E. Bettis was born at Kansas City, Missouri,' 5 * 
December 16, 1885. After graduating from a manual trainirj# 
high school, he was a student In the eleotrical and structural 
engineering courses of a local night school for four years. * 

He lias been employed by the Kansas City Power and Light • 
Company and its predecessor, the Kansas City Electric Light 
Company, since 1905, having held responsible and supervisory 
positions in the Construction, Engineering, Designing ami 
Operating Departments. In 1916 he became General Superin¬ 
tendent, and in 1924 was elected a Vice-President of the Company * 
and placed in charge of engineering, construction, and operation, 
which position lie still holds. ^ * 

Mr. Bettis supervised extensive changes in the distribution 
system of the Kansas City Power and Light Company and the 
development and application of automatic substations for supply¬ 
ing power to street railways. 

He joined blio Institute in 1022, and was transferred to the 
grade of Member in 1924 and to the grade of Fellow in 1026. 
lie has been a Vice-President since 1920. 

J. Alien Johnson 

Joseph Allen Johnson was born at Norbhboro, Massachusetts, 
June 21, 1882, and received his early education in the schools of 
that town. He was graduated from the Worcester Polytechnic ^ 
Institute with the degree of B. S. in Electrical Engineering 
in 1905. . 

From 1905 to 1912, he was employed as junior engineer ia 
electrical engineering work by the Ontario Power Company of 
Niagara Falls. He was appointed Electrical Engineer .of this 
Company in 1912 and placed in charge of all electrical design and 
engineering, In 1917 ho was appointed Assistant Engineer of 
the Hydroelectric Power Commission of Ontario, but still re¬ 
tained his other position, and in 1918 he was appointed Electrical 
Engineer of the Cliff Electrical Distributing Company and 
Hydraulic Power Company of Niagara Falls, N. Y., and placed 
in charge of eleotrical design, and now projects. With the 
consolidation of these companies and the Niagara Falls Power 
Company to form the Niagara ftalls Power Company in 1918, 
he became Electrical Engineer in charge of all electrical design 
and engineering. 

Mr. Johnson has contributed a number of important technical 
papers on such subjects as excitation and voltage control, 
reactors in hydroelectric stations, fire protection in a-c. genera¬ 
tors, retardation method of loss determination, eto. He was 
awarded the Best Paper Prize, District No. 1, 1926, for his paper 
entitled ”The Retardation Method of Loss Determination as 
Applied to the Large Niagara Generators.” 

He joined the Institute in 1907, and was transferred to the 
grade of Fellow in December 1927. Ho has served os ^member 
of the Electrochemistry and Eleotrometallury, Eleotrical Ma- 
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ohinery, and Protective Devices Committees, being still a member 
of tlie latter and chairman of its subcommittee on Lightning 
Arresters. He was the organizer and first chairman of the 
Niagara Frontier Section and served in that capacity from the 
date of its organization, February 10,1925, to July 31,1926. 

He is also a member of the National Electrio Light Association 
and the American Electrochemical Sooiety. 

A. M. MncCutcheon 

, Alexander M. MaeCutoheon, Engineering Vice-President of 
the Reliance Electrio and Engineering Company of Cleveland, 
Ohio, was born at Stockport, New York, December 31, 1881. 
He was graduated from the Albany State Normal College 
in 1901, find ta*ight mathematics and science in high schools 
until 1904, when he entered Columbia University. ITe was 
graduated in electrical engineering in 1908. 

• While employed by the Crocker-Wheeler Company, 1909-1914, 
he was successively in eliargc of engineering estimates, all 
estimates and proposals, and the drafting room, and also spent 
several months on alternator design. In 1914, lie took charge 
. of all new design work for the Reliance Electric and Engineering 
Company. He was appointed Chief Engineer in 1917, and in 
♦he fail of that year entered the U. S. Navy. At the time of his 
release in 1919, he was Lieutenant in oharge of fire control on 
the U. S. S. Louisiana, After returning to his former position 
early in 1919, ho was elected a Director of the Company in 1920, ' 
and appointed Vice-President in charge of Engineering in 1923. 

Mr. MacCutcheon joined the Institute iu 1912, and was trans- 
ferred*to the grade of Member in 1915 and to the grade of Fellow 
, In 1926. His committee activities in the Institute include the 
following: Chairman of Committee on General Power Applica¬ 
tions; member at various times of General Power Applications, 
Standards, Electrieal Machinery, and Membership Committees; 
present member of all these except Membership; and present 
Chairman of the Direct Curreht Motors and Generators 
Subcommittee of the Electrioal Machinery Committee, He was 
a member of the 1910 Annual Convention Committee, has been 
chairman of several committees of the Cleveland Section, and 
was Chairman of the Section in 1920-21. 

For a number of years Mr. MacCutcheon has been’active in 
the work of the Association of Iren and Steel Electrical [Engi¬ 
neers, and has delivered 13 papers before this Association. 

FOR TREASURER 

Gcorde A- Hamilton 

Mr. Hamilton, a charter member of the Institute and its first 
.Vice-President, 1884-86, has served as National Treasurer since 
1895. A biographical sketch was published on page 1306 of 
the December, 1927, issue of the Journal. 


■A.'-I. E. E. Directors’ Meeting 

The aegular meeting of the Board of Directors of the American 
Institute of Electrical Engineers was held at Institute head¬ 
quarters, New York, ou Friday, December 16, 1927. 

There were present: President B, Gherardi, New York- 
Vice-Presidents H. M. Hobart, Schenectady, B. G. Jamieson’ 
Chicago, G. L. Knight, Brook|yn, N.Y., O. J. Ferguson, Lincoln! 
Neb., J. L Beaver, Bethlehem, Pa., A. B. Cooper, Toronto; 
Managers J. B. Whitehead, Baltimore, M.M. Fowler, Chicago, 
H. A, Kidder, New York, I. E. Moultrop, Boston, H. C. Don 
Carlos, Toronto, F. J. Chestornian, Pittsburgh, F. C. Hanker 
Sharon, Pa., E. B. Meyer, Newark, N. J.; National Secretary 
F, L. Hu tclimson J Ngw York* 

The minutes of the Directors 1 meeting of October 19 1927 
were approved. 1 ' 

Actions taken at meetings of the Board of Examiners held 
November 2 and December 14, 1927, were approved. Upon 
tho recommendation of the Board of Examiners the following 
action^ were taken: 540 Students were ordered enrolled; 90 
applicants were elected to the grade of Associate; 7 applicants 
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were elected to the grade of Member; 1 applicant was reiustate^lSilfe 
to the grade of Fellow* 

Tlie Board ratified the approval by the Finance Committee 
for payment, of monthly bills amounting to $46,203. 

In accordance with Section 22 of the Constitution, th§ follow- 4 
ing were made “Members for Life” by exemption from future 
payment of dues: Paul T. Brady, Reginald Gordon, W. M* 1 
Morday, and M. T. O’Dea. 

Suggestions adopted at the conference of Section Delegates 
held during the Summer Convention, in June 1927, were con¬ 
sidered; and upon the recommendation of the Committee on 
Coordination of Institute Activities, the following actions were 
taken: 

i* \\ That Sections be encouraged to enroll local members, unt 
limited to engineers, but to include any persons interested in tho 
application of engineering to the advancement of the public) 
welfare—with the provision that it be understood that while wo 
would urge that any one in the local membership who is eligible 
should be encouraged to join tho Institute, nevertheless, it was not 
the primary purpose in forming local membership to afford a 
classification for those who aro eligible for tho society, but 
rather for the general public who aro not eligible. 

2. Thatapproyal be given to the suggestion that eacli District 
Executive Committee develop a plan whereby each Section in * 
the District shall be assisted in securing one or more prominent 
speakers each yoar, with the understanding that the District 
kxecutive Committee will have the constant eucouragoinonfc 

1 and cooperation of Headquarters. 

3. To approve the recommendation that Section programs 
and portions of national and regional meetings that are of 
interest to the general public and which will contribute to a bettor 
public appreciation of the services rendered by the engineering 
profession, be broadcast, whenever practicable. 

4. That the Sections Committee be charged with the re¬ 
sponsibility of putting these plans into effect, with the eooporor 
tion of the Committee on Coordination of Institute Activities. 

Approval was given to the dates, May 9-11, 1928, for tho Now 
Haven (Conn.) Regional Meeting. 

Upon the recommendation of the Finance and Sections Com¬ 
mittees, authorization was given for the extension of territory 
of the San Francisco Sections to include the counties of Merced, 

Madera, Monterey, San Benito, and Fresno, as requested by the 
Section and by the members in those counties. 

The publication Committee presented a recommended policy 
covering Institute publications, drawn up after consideration of 
the comments that had been received rogarding proposed changes 
in policy which had been published in the November Jo uknta n« 

The Board adopted the recommended policy, which is printed 
elsewhere in this issue. 

The followi&g amendments to the by-laws were adopted: 

Section 14*— 

The following sentence added: 

A resignation received after June first but prior to tho 
expiration of the first quarter of the fiscal year, shall involvo 
payment of only the dues for that quarter, this consideration 
first ” exteuc ec to u^-rssident members until November 

Section 25.— 

Okl Section cancelled and the following substituted: 

Inere shall be three national conventions of the Institute - 
each year, namely, the Winter Convention, the Bummor 
an i c °ast Convention, with such 

oiliei additional national meetings as may be authorized 

!? r r y H 16 Board of Directors, the location 
&S^n&So?S» 0rUil meetings t0 be determined by the 
Section 31 A.— 

Section added as follows: 

“operation among tho Student Branches 
mere shall be a Committee on Student Activities in each 
Geographical District, consisting of r thc Vice-President 
Disteet Secretary, and the Counselors of all Branches 
within the District. The Committee sliall elect one of tho 

S deems fesimbfrT U> ^ “ ay el6Ct suoh ofcher 
Section 4&— 

^on changed to read as follows: 

nq i P ?^ d 5 itu ii es f £ r sportation of Section delegates, 
as referred to m the Constitution, and for all other Com- 
nlittees or activities for which a similar appropriation shall 
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bo provided by the Board of Directors, shall be paid from 
the Institute treasury at the rate of ten cents (10c.) per mile, 
one way, from the place of residence to the meeting place.” 
Section 47.— 

The*worcl M Summer” substituted for the word “Annual” 
in Che first sentence. 

Sections 64 and 97.— 

“Transactions’ 'substituted for * ‘annual Transactions.” 
Section 77.—and various other Sections. 

Wherever a reference is made to “Annual Convention,” 
the word “Annual” cancelled and the word “Summer” 
substituted. 

Section 95,— 1 

The first sentence of this Section changed to read as 
follows: 

"The National Secretary is authorized to receive annual 
subscriptions to the monthly Journal at the rate of 810,00 
per annum with an extra postage charge sufficient to cover 
the mailing cost to all countries to which the bulk rate of 
postage does not apply.” 

In accordance with the recommendations of the Standards 
committee, the following actions were taken. 

(1) Approved report dated August 1, 1927, of .Sectional 
Committee on Insulated Wires and Cables for submission to the 

.A.E.S.C. 

(2) Approved Standards for Industrial Control Apparatus 
as revised by the Sectional Committee on Standards for In- 

. dustrial Control Apparatus, in April 1927. 

(3) Approved report, dated June 22, 1927, of the Sectional 
Committee on Rating of Electrical Machinery on the revision 
of the rating paragraphs of Standards Nos. 5 and 7. 

Approved recommendation that the Sectional Committee on 
Rating of Electrical Machinery be discharged if and when the 
material covered by its report (the rating sections of Standards 
Nos. 6, 7, and 9) has been approved by the A. E. S. C. as Ameri¬ 
can Standard, 

(4) Approved revisions of Standard No. 7 made by the 
Sectional Committee on Rating of Electrical Machinery and the 
Sectional Committee on Alternators, Synchronous Motors, 
and Synchronous^Machines in General. 

The Board voted sponsoi’ial approval of certain editorial 
revisions of the report on Mathematical Symbols, prepared by 
the Sectional Committee on Scientific and Engineering Symbols 
and Abbreviations, and previously approved by the Board for 
submission to the American Engineering Standards Committee, 

Approval was given to the admission of the Cast Iron Pipe 
Research Association to membership in the American Engineer¬ 
ing Standards Committee. 

Upon the request of the Research Committee t the following 
resolution was adopted: 

Whereas, Engineering Foundation in its desire* to encourage 
and promote experimental research in the fields of engineering, 
has expressed willingness to consider applications from individuals 
for financial assistance in such work, and 

Whereas. Engineering Foundation has asked that the experi¬ 
mental problems in view first be submitted to one of the Founder 
Societies for the endorsement of its importance, and 

Whereas, Professor John B. Whitehead of the Johns Hopkins 
University, as chairman of the Committee on Electrical Insula¬ 
tion, Division of Engineering and Industrial Research, National 
Research Council, has made an extended study t of our present 
knowledge of dielectric behavior and of electrical insulation, 
and is now conducting a research in this field, under a grant from 
Engineering Foundation, and has made substantial progress 
therein, therefore be it 

Resolved: That the American Institute of Electrical Engi¬ 
neers regards the phenomenon of dielectric absorption as of great 
importance in its bearing on the properties of electric insulation, 
and endorses it as a promising problem for experimental attack; 
and be it further • 

Resolved: That the Institute requests the Foundation to 
make an appropriation and to continue its financial support of 
the research in this field now being conducted bv Professor White- 
head, Fellow A. L E, E., and under the auspices of the Research 
Committee of this Institute. 

Mr. Edward D. Adams was reappointed a representative of the 
Institute on the Library Board of the Umted*Eugineermg Society 
for the four-year terfn commencing January I, 1928, 

Other matters of importance were discussed, reference to which 
♦ may be found m this and future issues of the Journal, 


Edison Medal Awarded to William D. 
Coolidge 

The Edison Modal has been awarded by the Edison Medal 
Committee of the American Institute of Electrical Engineers 
to Dr, William D. Coolidge, “for his contributions to the in¬ 
candescent electric lighting and the X-ray arts.” 

The Edison Medal was founded by associates and friends of 
Mr. Thomas A. Edison, and is aAvarded annually for “moritoriua 
achievement in electrical science, eloctrieal engineering, or the 
electrical arts.” by a committee consisting of twenty-four 
members of the American Institute of Electrical Engineers, 

The following engineers and scientists have recipients of 
the medal: Elihu Thomson, Frank J. Sprague, George Wes ting- 
house, William Stanley, Charles F. Brush, Alexander Graham 
Bell, Nikola Tesla, John J. Carty, Benjamin G. Lainme, W, L, R, 



William D^vvid Coolidge 


Emmet, Michael I. Pupin, Cummings C. Chesnoy, Robert A. 
Millikan, John W. Lieb, John White Howell, and Harris Ryan. 

William David Coolidge, assistant director of tlie research 
laboratory of the General Electric Company, and physical chemist, 
was born at Hudson, Massachusetts, October 23, 1873, the son 
of Albert Edward and M, Alice Coolidge. Dr. Coolidg® is a 
graduate of tlie Massachusetts Instituto of Technology, B. S. } 
1896, and of the University of Leipzig, Ph. D., 1899. Ho has been 
assistant in Physics, instructor in Physical Chemistry and 
assistant professor of Physico-chemical Research of the Mas¬ 
sachusetts Institute of Technology. Dr. Coolidge became 
associated with the General Electric Company in 1905 and 
was made assistant director of the research laboratory in 190S, 
He was awarded the Rum ford Modal, 1914; Howard N. Potts 
Medal, 1926; Louis Edward Levy Medal, 1926; Hughes Medal, 
(Royal Society, London) 1927. Dr. Coolidge is a member of the 
American Association for the-Advancement of Science; American 
Chemical Society; American Electrochemical Society; American 
Physical Society; American Institute of Electrical Engineers; 
American Academy of Arts and Sciences; Washington Academy 
of Soiencos. He is an honorary member of the American 
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Roentgen Ray Society; American Radium Society; Radiological 
Society of North America; Roentgen Society (of England): 
Societe do Radiologia Medicale (of Prance) and Nordick Poren- 
ing for Modicinsk Radiologi, 


Washington Award Presentation 
February 2, 1928, Chicago 

The Washington Award, an honor “to he annually presented to 
an engineer whose work in some special instance or whose 
services in general have been noteworthy for their merit in pro¬ 
moting public good," is administered by a committee composed 
of representative 0 f the Western Society of Engineers, tlirough 
W m, * lb WaS fo,mcIecl * and t,le four national engineering societies. 
, «■ le f01 ' b * 10 year 1928 is to be conferred upon Doctor 

Michael I. Pupin, Past-President of the Institute. The presenta¬ 
tion will be made at a joint meeting of the five societies interested 

of PeCruary ^ PaImel ’ House ' Chica e°. at dinner on the evening 

, Doctor Max Mason, President of the University of Chicago 
and a fellow scientist, will make an address on*“Pupin, the 
•Scientist.” President Gherardi will speak of the commercial 
application of Pupin’s work and the presidents of the other 
societies are expected to touch upon his contributions to the 
advanoeinot of human progress from the angle of the engineer* 
and the layman. 

It is expected that a very large number will attend this unique 
maetipg as the members of all five societies are, of course, invited. 
Because, of Dr. Pupin’s place in the Institute, none of its mem¬ 
bers living in oLinear Chicago will wish to miss this interesting 
occasion. 


Regional Meeting in St. Louis 

The second regional meeting of the Southwest District of 
the Institute will be held in St. Louis, Mo., on Mareli 7, 8 and D. 
Arrangements arc going forward for the meeting and details 
of tiie program will be announced in the February issue of the 
Journal. The general committee in charge is as follows: 
Chairman, A. E. Bettis, Vice-President in 7th District A. I. E. E. • 
Vice-Chairman, L. F. Woolston; Secretary, Henry Nixon j 

' w it t r?! 1 ' A L ; t Balden, Chris Kraft, H. E. McDowell, 
W. TI. Millan, O. H. Quermann, L. P. Vanl-Iouten and P. M. 
Wemback. ‘ 

. # . . ... . . . . . . . . . . ^ 

*| AMERICAN ENGINEERING COUNCIL 


THE ANNUAL* MEETING 

The Annual Meeting of the Assembly of American Engineering 
Counc. will be held in Washington, D. C„ January 10, 1928 
The Atlminmtrativo Board for 1927 will hold its last meeting 
the afternoon of January 9th. The Mayflower Hotel will be 
the headquarters for the Meeting. The Annual Dinner, of the 
Cornual will be held on the evening of January 10th. The honor 
guest and prmoipal speaker this year will be Sir Esme Howard 
Ambassador from Great Britnjn to the United States. Many 

? a b * Pre£ewt - AM ,neetin es held under the 

auspices of American Engineering Council arc open to the public 
and especially are all members of member-organizations invited 


SPECIAL WORK ON FLOOD CONTROL 

* olving t,1 ? 1 prol,lem ° f <loo<l control, the American 
Engineering Council will urge Congress to authorize an inventory 
o water resources of the United States under the direction of 
the Geoiogioal Survey, as announced by Dexter S. Kimball, Dean 

*K \ n f , Un ir S,ty a °‘ ,P r6s ‘dent of the Council. It is believed 
that only by the assembling of complete data can safety to life 
and property be assured, and the question will be one of irapor- , 

t 

' . t * . . , . ' • 


tance to be discussed at the coming annual meeting of the CounoilS 
January 10-11, 1928 at Washington, D. C. 

Reorganization of the Department of the Interior to ac¬ 
complish centralization under engineering supervision, for large 
public works will he discussed and a program of action for 1928 
adopted. 

i 

War Memorial to American Engineers 

The Committee of engineering societies on the War Memorial 
to American Engineers has just announced that the clock and the 
carillon for the totver of the new Louvain Library will be made a 
memorial to all engineers of the Un- ted States who gave tlieirlivos 
in service for their country or its allies at home, overseas or on the 
seas, in any branch of service in the great war from 1914 to 1918, 
The Committee seeks information of all such men so.that their 
names may he suitably recorded in this honor roll. 

The Committee further announces that on the advice of its 
carillon architect, Mr. Frederick C. Mayor, who is also organist 
of the West Point Military Academy, the compass of the Louvain 
carillon has been increased from three to four octaves. It will 
thus have forty-eight bolls and be at least tho equal of the 
famous old carillon at Malines, Belgium, which for many years 
has been the finest in Europe,—indeed the finest anywhere in tho 
Eastern Hemisphere, the standard of carillon excellence. 

To assure the excellence of tho musical quality of the Louvain 
bolls and the mechanical perfection of the playing mechanisms, 
the Committee has awarded tho contract for the olook and tho 
carillon to Gillett & Johnston, of Croydon, England. This firm 
made the carillon for tho Victory Tower of the Parliament Houses 
in Ottawa, at present the finest carillon in the Western Hemi¬ 
sphere, and the carillon in the Tower or the Graduate School of 
Princeton University. It is also producing tho great carillon 
for the new Baptist church on Riverside Drive at 122nd Street, 
New York, being given by Mr. John D. Rockofollor, Jr, as n 
memorial to his mother. This carillon is to have more than a 
hundred bells and its largest bell, recently cast at Croydon, 
weighs 20 tons. 

It is stated by the architect, Mr, Whitney Warren, of Now 
York, that it is now expected that the Library building, the dock 
and the carillon will be ready for dedication July 4th, 1928. 

The Louvain memorial continues to win approbation, with out 
ssent. That it will be acceptable to our Belgian eomrados ia 
mado beautifully clear by the following letter dated 22nd Novem¬ 
ber 1927, froi^ the Reotor of the University of Louvain: 

(Translation) 

Official acceptance of War Memorial by University of Louvain. 

^ -- ^ Louvain, 22nd November 1927 

To Mr. Edward Doan Adams. Chairman. 

Committee of the Engineering Societies of New York 
Dear Mr. Adams: 

JLVv ^ de °P thankfulness that the academic authorities of the Uni- 
Ei p “ ac £ epfc } the glft American Societies of Civil 

m nln ? En Z inGOl ' s ’ Mechanical Engineers and Electrical 
fnrn nn G1S r‘H V make t0 tbb Univorslt Y of a clock with four dials and a 
new LibrL y!' 00 * ° f ‘ h,, ' ty ' stx belIs ' t0 bo placotl In tb ° tower of our 

sa Y° U pIant on the 28U ' Hovoi'le Park four seedlings 

^ n f l ; etI "'“ d ' "' 0B, ' eetetl with emotion, in those young trees, syin- 
onl it th0 hjterost borno by tho engineering societies for our country and 

sZb^ntH at ° r - tlC0S wa gmwl In t,l i S again are they “ho 

wWrh 16 com,a f oslu P wltii which you honor us, since this comradosliip, 

which was expressed at first by your presence at our celebration lias 
developed in five months to tho point of ninuifoststiorvby a truly rovai gift 
os, may the bolls of tho carillon of Louvain soon sing, togother with the 
cinaf ° f tllo AmOI ' ICan , 0a8lnem wlio (lied on the field of honor during the 
will awTke r genoroalty of tUe American engineers of 10271 That Isong 
will awaken for years to como tho gratitude of. ths people of Louvain to 
whom they owo restoration Trom tho disaster wliich tliov sufforod 
. ” at ‘ho same time,,they will remind and inspire themselves to 

oneinoBvs who ,mv ° “ tl tb0 "- 

of mT^lTr^t damS ' ** ^ tr,bUt ° ° f 

P. LADEUZE, 

Rector oAho University . •■■■•* 
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Midwest Power Conference, February 14-17 

The third annual Midwest Power Conference will be held at 
the Hotel Stevens, Chicago, February 14 to 17, There will be 
sessions on many live topics and a number of the country's 
highesfauthorities will speak. The subjects include the following: 

Power Accomplishments in Factory and Home. 

The Relation of Power Development to Flood Control and 
Other River Problems. 

Economics of Power Stations. 

Fuel, Combustion, etc. 

Electrical Transmission. . 

The annual banquet will be held on February 15 and inspection 
trips w ill be made on February 16, 

All sessions will be open to interested engineers. Further 
information may be obtained from G. Pflsterer, Secretary, 
Midwest Power Conference, 930 Monadnock Building, Chicago, 
Ill; 

f...mil.mum...mini.mm...... mim I him »>j| 

! ENGINEERING FOUNDATION 

1 I 
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A TYPICAL LARGE-SCALE INVESTIGATION 

The Engineering Foundation aims to undertake the class of 
researches that individuals, industrial organizations, colleges, 
and governmental bureaus are not likely to choose, Certain 
much-needed fundamental investigations can best be initiated 
or organized by such an institution as the Foundation, Groat 
care is taken not to infringe on ground that can best be explored 
by spontaneous, individualistic effort. 

An excellent example of the kind of large-scale research 
properly suited to the Foundation is the Arcli Dam Investigation, 
This was taken up in response to requests from engineers in the 
far West. Among the agencies which cooperated in attacking 
this problem weso the states of California and Oregon, the 
United States Bureau of Reclamation, the Bureau of Standards, 
the City of San Francisco, the County of Los Angeles, many 
power companies, four engineering colleges, engineers both in 
this and foreign countries, several bankers, and many manu¬ 
facturers of equipment and materials. Ingenious tests are 
being made on a celluloid model of the Stevenson Creek Dam 
one-fortieth the size of the concrete dam. The results of these 
tests at Princeton University confirm remarkably the measure¬ 
ments" on the large dam. Tests of largo models of the Stevenson 
Creek Dam and of several other forms of arch clgjns are being- 
undertaken in the laboratory of the University-of Colorado at 
Boulder, under the patronage of the U. S. Bureau of Reclamation 
which has its principal engineering office at Denver. 

No arch dam—at least none built under engineering super¬ 
vision-lias been known to fail, although soma have been built 
very thick and others surprisingly thin. 

Although American engineers are famed for their faith in 
"flgurability” of design, they tend to build unnecessarily heavy 
structures in order to be on the safe side. 

Engineering needs just such stimuli to unify and arouse its 
cooperative spirit and to strengthen its bonds with the industries, 
the universities, the technical bureaus of government, and the 
endowed laboratories. 

P, B. McDonald 

» 

Engineers Present Holland Tube Scroll 

A ceremony of presentation of interest to all professional 
engineers of the country was held in New York Tuesday, 
December 13, at the Administration Building of the Holland 
Tunnel, the new traffic artery under the Hudson River from 
New York to New’Jersey, The four National Engineering 
Societies were represented at this ceremony by Col. Willard 
T,Chevalier, member of the board of direction of the American 
Society of Civil Engineers and managing director of Engineering 


News-Recor$, On their behalf, ho presented to the chairman of 
the New York State Bridge and Tunnel Commission and the 
Now Jersey Interstate Bridge and Tunnel Commission a beauti¬ 
fully engrossed, hand-illuminated parchment memorializing the 
achievements of Clifford M. Holland, the first Clliof Engineer, 
and of Milton H. FreemanJ his co-worker and successor, both 
of whom sacrificed their lives to the gigantic task. Ole Singstad, 
tlie present chief and an important factor in the designing and 
construction of the tunnel since its inception, was also included t 
in the scroll. Col. Chevalier’s speech of presentation was, in 
part, as follows: 

"We are met today in behalf of the four National Engineering 
Societies, The American Society of Civil Engineers, the American 
Institute of Mining and Metallurgical Engineers, the American 
Society of Mechanical Engineers and the American Institute of 
Electrical Engineers,—which, in turn, represent more than fifty- * 
seven thousand professional engineers—and we come to express 
the appreciation of a profession for exceptional recognition 
extended by you to those of its members wlio have served you 
in the accomplishment of your unprecedented task: 9 « 

Appreciating fcho tributes paid to tho skill and dovoted service of * 

CLIFFORD M. HOLLAND, MILTON H. FREEMAN 
and OLE SINGSTAD 

Chief Engineers of Clio Holland Vehicular Tunnel, and to tlioir 
engineering assistants, 

up Un the occasion of fcho formal opening of the tunnel on November twelfths 
ninoteon hundred and twenty-seven, and especially appreciating the 
naming of tho tunnel after Mr,, Holland and tho East Plaza ajter Mr. ^ 
Freeman and Executive Officers of tho Above named National Engineering 
Societies, in bohalf of fcho membership of these soefettos, some fifty-seven 
thousand Jn number, hereby express in turn tlieir appreciation to the 
members of 

THE NEW YORK STATE BRIDGE AND TUNNEL COMMISSION 

and 

THE NEW JERSEY INTERSTATE BRIDGE AND TUNNEL 
COMMISSION 

of tho recognition accorded tho engineering profession in tills enterprise 
so significant in ita technical phases and in its economic and social aspects. 

Metric Standards Urged at Pacific 
Conference 

Calling upon Congress to adopt the decimal metric weights and 
me&sures in tho United States, the Pan-Pacific Standardization 4 
Conference met recently in San Francisco during the Pacific 
Trade and Travel Exposition. ^ A series of round table discussions 
were held, at which reports were presented from Japau, Australia, * 
Mexico and South America, indicating a worldwide trend to the 
metrio units, • 

"It is manifest that tho future trade of the Pacific is to be 
largely upon the metrio basis,” declared Calvert E. Hydes at 
tho final session, “and it is urgent that, the United States sliall 
unify its commerce on these unvarying standards likewise. 
Already, the Philippines, Japan, Siberia, Intlo-China, the Dutch 
Indies, Siam, French Oceania, Mexico, the Central Aip^rican 
Republics, Colombia, Ecuador, Bolivia, Peru and Chile are 
among the Pacific countries on the metric basis. The Orient 
has definitely decided upon metric units and has rejected the 
so-called English units. China, for instance, is making rapid # 
progress in adoption of tho metric standards.” 

Endorsement was given to the Britten-Ladd Metrio Standards 
Bill which will bo introduced on the first day of the new.Congress, 
providing for gradual establishment of metric measures in 
merchandising throughout tho United States. 

It was stated by speakers at the standardization conference 
that all civilized nations except tho United States and the 
British Commonwealths are now using metric weights and 
measures, and that British units are largely different from those 
used in the United States. Metric standardization, it was 
prophesied, will soon bo complete. . 
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National Exposition of Power and 
Mechanical Engineering 

The Sixth National Exposition of Power and Mechanical 
Engineering exceeded all expectations. As a record of progress, 
in diversity and interest of exhibits, "os well as attendance, this 
exhibition far outstripped preceding events. During the week 
of December 5th through the 10th, the Grand Central Palace 
received over 110,000 visitors. 


Vice-Presidents E. J. Mahren and Malcolm Muir, of 
McGraw Company, presented an exceedingly interesting outlino'V.?l@B;; 
of some of the more important activities of their organization, : ' 

Dr. John B, Whitehead and Mr. Irving E. Moultrop expressed 
appreciation on behalf of the visitors for the courtesies extended^ 

The afternoon was greatly enjoyed by all concerned and afforded 
an excellent opportunity for tho representatives of each organiza¬ 
tion to become better acquainted with tho personnel, and learn 
more about the activities, of the other, 


Annual Meeting of Civil Engineers 

Many engineers are looking forward to the pleasure of attend¬ 
ing the 1928 Anmial Meeting of the American Society of Civil 
Engineers to be held January 18-20, 1928. The official program 
already sent in dioates the usual attractive features of these yearly 
•gatherings, 

Thp customary business meetings, reports, technical division 
meetings, luncheon, and smoker are on the program. Of special 
interest will be the award for the first time of the Ilering Medal. 
«For sentimental reasons this ceremony should have special 
significance, 

*Tlio customary social events will provide the necessary inter- 
lude between the technical sessions, A special program has 
* been prepared for the ladies. 

Those who customarily enjoy the annual sessions need no 
urging to insure their presence. 

■ -— • 

McGraw-Hill Company Executives Confer 
With Institute Officers 

Upon the invitation of Mr. James H. Me Grow, President of 
th$ McGraw-Hill Publishing Company, the officers and Directors 
of the Institute who attended the Directors’ Meeting on Friday 
morning, December 16, were guests at a luncheon at the Engi¬ 
neers’ Club on that day, followed by an inspection of the MoGraw 
Company’s large modern plant. The Institute officers who 
attended included President Gherardi; Vice-Presidents Ferguson, 
Hobart and Jamieson; Managers Don Carlos, Fowler, Hanker, 
Kidder, Meyer, Moultrop and Whitehead; and National Secre¬ 
tary Hutchinson; those present from the McGraw-Hill organiza¬ 
tion included many members of the executive and editorial 
departments. 

9 Following the visit to the plant, including the printing, 
binding, type-setting and other departments necessary for the 
production of the numerous periodicals and other publications 
•f the MoGraw Company, the whole group with the addition 
of a considerable number of members of the editorial depart¬ 
ments of the McGraw-Hill Compaq’s various publications which 
include The American Machinist, The Engineering Nexus Record ,, 
The Engineering and Mining Journal , Power , T/i e Electrical 
World, The Electrical West, The Electric Railway Journal, and 
several others, hold a conference. President McGraw, in out¬ 
lining the object he had in mind in arranging for the event, 
said that as the general objects of both the McGraw Company 
and title Institute were identical; namely, the advancement of 
electrical and other industries and the maintenance of a 
high standard of engineering,—and as the two organizations had 
found many ways to cooperate actively in the past, he believed 
•it desirable that each should keep fully informed of tho activities, 
the organization and the methods of the other, with the object 
of possibly discovering still further opportunities for cooperation. 
f National Secretary Hutchinson outlined briefly the aims of 
the Institute, the national, district and local organizations, and 
the methods used in carrying on the various activites. President 
Gherardi spoke upon the future of the Institute and the electrical 
industry, stating that there was every reason to believe that the 
Institute would continue to grow at a rate commensurate with 
the.growth of tho industry, and therefore continue to he of 
increasing boneflt not only to the individual members and the 
industry but to Society in general, « 

■ ft 
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New Highway Engineering Bureau 

The opening of offices in the National Press Building,. 
Washington, D. C., for a new Highway Engineering Bureau, .fj 
offering a source of information on matters relating to highway * 
transportation and similar problems is announced by Doctor 
Charles Upharn, president of the Advisory Board of the Road 
Builders. This bureau will also have facilities for carrying on 
work with foreign countries. The consulting staff will include 
men of extensive training, and the organization will assume 
complete direction of projects, including preliminary reports,, 
engineering and construction. 




Road Builders’ Association Holds 
Exposition Meet 

Approximately 30,0000 road buildors will convene on Jan- 
uary 9tli at Cleveland, Ohio, to inspect the largest good roads 
machinery and equipment exposition since the invention of tho 
automobile. 

Road building representatives from every section of the Ameri¬ 
can Continents will exchange views on the best methods of con¬ 
struction, maintenance and financing of highways. The ex¬ 
position will cover more than 150,000 square feet of floor space, 
and is estimated to cost in excess of 86,000,000. Tliore will be 
delegates from many foreign countries, including Mexico, Cuba> 
and a number of nations of South and Central America. At 
least 25 foreign countries will be represented at the sessions. 
Charles M. Upharn, Managing Director of the American Road 
Builders’ Association is in charge of the meeting. Charles M* 
Babcock, the organizations president, will preside. 

.mmiu.. 
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PERSONAL MENTION 
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Oswald Dale, for the past six years in charge of development 
engineering, sales of varnished insulations and radio products 
for the Acme Wire Co., New Haven, Conn., has now boon chosen 
vice-president of The Wheeler Insulated Wire Company, Bridge¬ 
port, Conn. 

W. Nelson Smith, who about a year ago returned from 
Western Canada and has since assisted several prominent engi¬ 
neering firms on heavy traction products, has now joined the- 
organization of B. L. Phillips & Company, New York, N. Y., 
with whom he will continue in public utility engineering. 

Jos. C. Forsyth, supervising engineer of the Electrical 
Bureau of the New York Board of Fire Underwriters, at a. 
luncheon held in his honor December 21, 1927, was presented 
wit; h a gold watch by the New York Electrical League in recog¬ 
nition of 11 years of faithful service. , r _ . 

Vladimir Karapetoff, Professor of Electrical Engineering. ■ 
at Cornell University, upon the recommendation of the Com- >»lW Mp|L 

vmRIaa _!_..-.I at.:_ i i . * - - _ _ 


mittee on Science and the Arts, has been awarded the Elliott 
Cresson Gold Medal by the Board of Managers of The Franklin 
Institute, “in consideration of the inventive ability, skill in 
design and detailed theoretical knowledge of Idnetics and electri¬ 
cal engineering displayed in 'the development of computing 
devices.” Presentation will take place at the annual Medal Day 
♦meeting of the Franklin Institute, May 16, 1928, 
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I. F. Baker, a veteran in the Westinghouse Company, having 
served them in various capacities both here and abroad, has 
been promoted to the office of manager of .the Far Eastern 
Department of the Westingliouse International Company. 

He comes to his new position from Japan, where he has beeii man¬ 
aging director of the Westingliouse interests, president of the 
American* Merchant’s Association of Toldo and acting president of 
the American Association of Tokio. His new offices will be in 
New York. 

L. W. Birch, of the Ohio Brass Company, Mansfield, has 
recentty been made Assistant Manager of the Railway Sales 
Division. Mr. Bircli graduated from the Ohio State University 
in 1917 and after a brief service in the army, in which he became 
First Lieutenant, joined the Carolina Power and Light Company 
and later the Pittsburgh Plate Glass Company. He became a 
member of the staff of the Ohio Brass Company in December 1921 
and during recent years has specialized on the overhead .distri¬ 
bution systems for electric railways. He is an Associate member 
■of the American Institute of Electrical Engineers. 

Roy Wilkins, who for the last six years lias been assistant 
engineer of the Pacific Gas and Electric Company, on January 1 
became a member of the Pacific Electric Manufacturing Com¬ 
pany. Mr. Wilkins is probably best known for his accomplish¬ 
ments leading to the successful operation of 220,000-volfc • 
transmission lines, and consisting of research, design, tests 
and operation on such problems as corona, power transmission, 
relay application, circuit breakers, carrier-current telephony, 
hydraulic design, etc. After graduating from Kansas State 
Agricultural College with a degree of B, S. in E.E. in 1909 he 
joined the testing department of the General Elec trio Company, 
Schenectady, remaining there until 1912 when he went to the 
Pacific Gas and Electric Company as maintenance foreman. In 
1917 and 1918 he served in the 37th Engineers, U. S. A. and 
returned to the •Pacific Gas So Electric Company in 1919 as 
Distinct foreman, later becoming Assistant Engineer in the 
Hydroelectric So Transmission Engineering Division. Mr. Wilkins 
joinod the Institute as an Associate in 1910. 

Obituary 

Robert McAllister Lloyd, formerly prominent in the develop¬ 
ment of tho storage battery and a member of the Institute since 
1917, died December 15, in his G4th year. Mr. Lloyd, a native 
■of Philadelphia, was educated at the Germantown Academy and 
Lehigh University. Immediately after his graduation, he 
■entered the electrical field. He founded the Plante Company, 
which was later purchased by the Electric Storage Battery 
Company. In 1901, be established the Vehicle Equipment 
Company, which, after its organization, became the General 
Vehicle Company, Beside his consulting work, Mr. Lloyd was 
president, manager and director of Mantle So Company, engi¬ 
neers, and it was only recently that he organized the Sealed Con¬ 
tainers Corporation. Mr. Lloyd was a member of the American 
Electro-Chemical Society Und also of the Institute of .Electrical 
Engineers of Great Britain, 

B. C. Eddar, capitalist, vice-president and general manager 
of the Tennessee Electric Power Company and president of the 
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Nashville Light and Power Company, died Deo. 25, at Chatanooga, 
Tenu, Mr. Edgar was born in Rahway, N. J., in 1878 and. from 
his early boyhood became interested in fcfie rapidly developing 
science of electricity. He graduated in electrical engineering 
from Rutgers in 1900, and was first employed by the Manhattan 
Railway in changing steamdriven trains to electrical operation. 
Later he was identified with the electrification of tunnels under 
the Hudson River.. From 1909 to 1912 he was in California and^ 
the Pacific Northwest, with the Southern Pacific System, in" 
electrifying suburban railway lines. For the next few years he 
was assistant general superintendent of Hie Columbus (Ohio) 
Railway, Light and Power Company. He was nmde general 
manager of the Nashville Company and the Chattanooga Rail¬ 
way and Light Company in 1914, and when these two companies 
merged with the Chatanooga and Tennessee River Power 
pany into the Tennessee Electric Power Company in June, 1922, 
.he became vice president and general manager of the» Satire 
system. Mr, Edgar joined the Institute in 1911. 

W. C. Chappell, for many years active in the electrical field* 
died late in November 1927, at Clover Leaf Canyon, Monrovia, 
California, after a long illness. He was born in London, Eng¬ 
land, November 11, 1886; liis childhood was spent in South 
Africa. He was educated at home and at the Creiton Grammar • 
School, near Exeter, Devonshire, later going to Zurich to study 
with a private tutor prior to entering the Zurich Polyteclmikum, 
lip entered the third year of a four year’s course in Electrical Engi¬ 
neering at the Northampton Institute, Clerkenwell, London. 
This course consisted of six months college and six^monfcha^ 
workshop practise, which he took in the \\;ork shop of Messrs, 
Bruce, Peebles and Company’s D-o. and A-c/ Winding Depart¬ 
ment, Edinburgh. The sixth month, however, he went to .Iifhs- 
bruok, Austria, as electrical engineer to the Stnbsi Valley 
Railroad. Mr. Chappell received some of his instructions on 
a-c. and d-c. machine design from Mr. II, M. Hobart of the 
General Electric Company./ Ho was also in the Central Station 
Estimating Department of ’the Siemens Brothers Dynamo 
Works, C ax ton House, London. But after 13 months, went to 
Vancouver, B. C. r and entered the employ of the British 
Columbia Elec Hie Railway as erecting engineer. Here he re¬ 
mained for three years, going thence to Philadelphia as the erect¬ 
ing engineer of the General Electric Company. His earliet 
experience in refrigerating engineering led him shortly after to 
connect with Messrs. Gay & Son. Los Angeles, Calif, as design 
engineer, He also served the Tasmanian Government Hydro¬ 
electric Department under a tines years’ engagement. • M*. 
Chappell joined the Institute in 1909. 

Sen ter M. Jones, first vice-president, manager of purchases, 
and member of the executive committee of Contqry Electric 
Company, St. Louis, died very suddenly on December 11th, at 
the age of 47. Entering the organization in lflOG, he 

always took keen interest in employee activities, and was 
highly esteemed by his associates. Besides being a member 
of the American Institute of Electrical Engineers, (1919), St. 
Louis .Electrical Board of Trade,'St. Louis Chamber of Com¬ 
merce, and North Hills Country Club, he xvas a generous 
participant in civic and charitable organizations. 
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. SECTION MEETINGS 
Boston 

Unified Transportation for Boston, by W. S. Kelley, Consulting 
Engineer. November 8. Attendance 200. # 


Cleveland 

Automatic Train Control, by F. F. Fowls, of Prank F. Fowle & Co. 
The talk was preceded by a motion picture, entitled I he 
King of the Rails.” November 17. Attendance 86. 


Cincinnati • 

Theory of Lightning as Disclosed by Klydonograph Studies t by 
. ; V" * C. L. Fortescue, Westinghouse Elec. So Mfg. Co. Illus¬ 
trated. November 10. Attendance 94. 

Tdcviikffii i-by Dr. G. W, King, American Tel. *& Tel. Co# 
December 8. Attendance 148. 


Conneticut 

The Changing Traffic of the Railroads t by D. LL Neiwvanger, 
New York, New Haven and Hartford R. R. The meeting 
was preceded by an inspection trip to the Hartford Hump 
YaraT NovemDer 13. • Attendance 60, 
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Journal A. I. E. E, 


Electric Traffic Control Systems, by J, G, Regan, General Electric 
Illustrated jvith slides, December 13. Attendance 30. 

Denver 

Television, by Dr. M. B, Long, Bell Telephone Laboratories, Inc. 
Illustrated with slides and motion pictures. A dinner 
preceded the meeting. November 18. Attendance 110. 

Dctroit-Ann Arbor 

• ^ ie Benefits of Interconnection , by C. W. Tippy. Consumers 

Power Company; 

Engineering Features of the Transmission Line, by J, H, Foote, 
Commonwealth Power Corp., and 
Stibstaiions at Ends Of Transmission Lines , by S. M. Dean, 
Detroit Edi9^n Co, November 16, Attendance 275. 
Electrification, by H. L, Andrews, General Electric Co. IIIus- 
# trated with slides. Joint meeting with Detroit Engineering 

• a?? 16 '?' P rece ded the meeting. December 9. 

Attendance 160. 

V • Erie 

Inspection Tour of the International Electrotechnical Commission . 
by James Burke, Burke Electric Co., and 

*- *The Pyschclogy of Laughter, by C. M, Newcomb. November 15. 
Attendance 250. . 

• 

Indianapolis-Lafayette 

. Modernizing Industrial Control Equipment, by W. B. Neoper. 

. Allen-Bradley Co. Illustrated with slides. November 18 
Attendance 47. 


Ithaca 


The Quest of the Unknown, by Prof, H. B. Smith, Worcester 
'•'"♦“ohnio Institute. lllr-' ' T ’ ■ - 


llustrated, November IS. Atr 


Pqjytechnio Institute, 
tendance SO, 

* ^ # Lehldh Valley 

The World Flight'and Flying Illuminated, bv Lt. Leigh Wade 

* Consulting Aviator. October 22. Attendance 67. 9 

Russian Mining Problems , by J. H. Pierce of Stuart, James & 

Cooke, Inc, Illustrated. 

Research, by L. A. Hawkins, General Electric Co. A dinner 
preceded the meeting. November 11. Attendance 97. 
Recent Developments in Central Station Generating Plants . bv 

# N. E. Funk, Philadelphia Electric Co.; and * 

Mine Ventilation, by F. H. Nicholson, Lehigh & Wilkes-Barre 

tvoai Co. Inspection trips to Wanamio Colliery and Hun- 
lock Creek Plant of Luzerne County Gas & Electric Com- 
• pany was made prior to the meeting. December 3. At¬ 
tendance 117. 

Los Angeles 

Movement of Overhead Conductors during Short Circuits, by Win 
* S. Peterson, Bureau of Power & Light. Illustrated with 
slides. December 6. Attendance 146. 

* . Louisville 

Smoker. Discussion of the electrolysis situation in Louisville. 
October 26, Attendance 16. 

Lynn* 

Chemistry, Manufacture, Classification and Uses of Bakelite. bv 
* Bakelite Corp. Motion picture was shown 
entitled ‘^Manufacture of Bakelite.” November 16. Ate 
tendance 80. 

Dream Pictures, by Branson DeCou. Ladies' Night. Novem- 
her 21, Attendance 850. & 

Mexico 

Annual Banquet. The following officers were elected: Chairman, 
tendance 40 * Se0retary; ^ Lu( l ue - October 15. Ate 
•La Unea International Telefonica New York-Mexico, by M. P. 
tf° Atteufance40 aOarl Tolepllono Company. November 
• Milwaukee 

Annual Meeting, Milwaukee Engineers’ .Society, Motion 

20- Attendance 40 ° f Speed '" Wa8 shown ‘ Ootober 

Pwadise by Dr. S. A. Barrett, Milwaukee 
Slite. Museum. Illustrated with motion pictures and 
slides, November 16. Attendance 130. 

Minnesota 

Chicago District Electrical Developments , by B. G, Jamieson 



Nebraska 

Television, by Dr. M. B, Long, Boll Telephone Laboratory. 
Illustrated with slides and motion pictures. A dinner 
preceded the meeting. November 16. Attendance 280. 

Niagara Frontier 

Welland Ship Canal , by A, J. Grant, Engineer-in-CJiarge; 

Niagwa Power Development , by F. D. Corey, Niagara and Eastern 
Power Corp; 

Proposed St. Lawrence Developments , by H. G. Acres, Consulting 
Engineer, and ■ 

The Peace Bridge, by E (< P. Lupfer, Chief Engineer. A banquet 
preceded the meeting. The morning and afternoon were 
devoted to an inspection trip over the Canal. Joint 
meeting with Toronto Section, A. I. E. E.; Niagara, Hamil¬ 
ton and Toronto Branches, Engineering Institute of Canada; 
Toronto Branch, A. S. M. E., and Engineering Society of 
Bufraio. October 28, Attendance 600, 

Transatlantic Telephony , by Ralph Bown, of A. T. & T, Co., 
President, I. R, E. Illustrated with slides and motion 
pictures, November 17, Attendance 15, 

StoragevBaUery Engineering and Development, by C, W. Bell, 
Gould Storage Battery Co., and 

Dry-Battery Development , by A. T, Hinckley, U. S, L. Battery 
Corp. December 2, Attendance 80. 

Philadelphia 

• Automatic Train Control, by W, H. Reickard, General Railway 
Signal Co. Illustrated with slides, November 14. At¬ 
tendance 160. ; 

Pittsburgh 

The ModernOscillooraph—the Analyst of the Unknown, by J. W. 
Legg ; Westinghouse Elec. & Mfg. Co. Illustrated. Joint 
meeting with Electrical Section, Engineers Society of 
Western Pennsylvania. November 9. Attendance 265. 

Pittsfield 

Biological Research, ]by Dr. A. W. Bray, Rensselaer Polytechnic 
institute. A dinner preceded the meeting. November 15, 
i Attendance 100. 

The Human Side of the French Foreign Legion, by Major Zanovi 
Peohkon. A dinner preceded the meeting. December 6, 
Attendance 700, 

Portland 

Rwal Electrification Experiments, by H, J. Garver, and 

X-Frame Construction for. Rural Lines , by D, S. Young. Novem¬ 
ber 22. Attendance 75. 

Providence 

View of the English Engineering Industry, by J. R. Ratcliff, 
Attendattc%7T enli W ° rkS ° f - Lon( * on - November 16. 

Rochester 

Transatlantic Telephony, by Dr. Ralph Bown, of A. T, & T. Co„ 

I resident, I. R. E. Luncheon preceded the meeting. 

J n0 M mg Rochester Engineering Society and 
L R. E. November 18. Attendance 156, 

St* Louis 

Superpoioer Transmission, by Robert Treat 
oo. November 16. Attendance 64. 

Saskatchewan 

Faults on Distribution Systems Located by Radio, by 

t : ot M *"“ "*** 

Schenectady 

Personal Observations in Soviet Russia, by H. H. Dewey, General 
Electric Go. November 16. Attendance 325. * 

Steam and Electric Locomotives, bv A. H. Armstrong, GeneraL 
Eleotno Co. Illustrated with sUdes. ’December 2 Ate 
tendance 175, * 

Seattle 

The Boeing Airplane Company and Its Products, by C N Mon- 
tieth, Boeing Airplane Co. Illustrated with motion piotures 
and shdes. An mspeofion trip through the factory pre¬ 
ceded the meeting. November 15. Attendance 65/ P 

Shdron „ «‘ 

Development of Military Aviation, by Cob Harry Graham, U. S. 
Army Comdr., Wnghfc Field. Illustrated with motion 
piotures and shdes. November 8. Attendance 297. - 
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Southern Virginia 

Annual Fall Meeting, Affiliated Engineering Society Sections of 
Virginia. November 11-12. (Full account given on page 
1466, December Journal). 

* Spokane 

Rhythmic Corrugations in Highways, by Prof. H. V. Carpenter, 
State College of Washington. Joint meeting with Spokane 
Secticfa, A. S. C. E., and Inland Empire Section, A, S. M. E. 
November 25. Attendance 60. 

Springfield 

Manufacture of Electrical Porcelain by the Wet Process, by C. W. 
Roberts, Locke Insulator Co. Two motion pictures were 
shown—one illustrating the manufacture of Mnsda lamps 
by automatic machinery, and the other a travel picture of 
the Canadian National Railroad through the vacation 
camps of the Canadian Rockies. November 21* Atten¬ 
dance 45. 

Toledo 

Engineering and Economic Factors in Promoting a Super-Power 
Mine-Month Generating Station, by A. W. Morgan, H. L, 
Doherty Co. November 18, Attendance 32. 

Toronto 

Joint Meeting. October 28* (See October 28 meeting Niagara 
Frontier Section). 

Capacitors , by M. C. Lowe, Canadian General Electric Co. 
Illustrated with slides. November 11. Attendance 67. 


Urbana 

A Year at Cavendish Laboratory at Cambridge, England, by Dr, 

C. T. Knipp, University of Illinois* Illustrated, Joint 
meeting with Electrical Engineering Society. November 
16. Attendance 46. 

Mathematics and Qualitative* Analysis in Engineering, by R. E. 
Doherty, General Electric Co. November 22, Atten¬ 
dance 146. 

Vancouver 

Oscillographs , by Dr, H. Vickers, University of British Columbia;. * 
Illustrated by slides and a demonstration of phase displace¬ 
ment and other phenomena with a two-element instrument. 
December 6. Attendance 56. . 

Washington * * 

Commercial Aviation „ by Maj, C. M. Young, Department of 
Commerce; „ 

Radio Aids for Air Navigation, by Haraden Pratt, Bureau of * 
Standards, and 

The Earth-Inductor Compass, by Dr. P. R. Heyl, Buretfu of 
Standards. Slides and motion pictures were shovel. A 
dinner preceded the meeting. November 8. Attendance 
175, . * 

Worcester 

Electrical Reproduction of Music , by Prof. H. H. Newell, Wor¬ 
cester Polytechnic Institute. It was voted to join the 
Affiliated Engineering Societies of Worcester. November , 
28. Attendance 150, * 


..mm 


hi mu «.. i mu uni i Mil m mmi m mini i Mini mum mu in min 


A. I. E. E. Student Activities 


.I.. mi 11 in i mu 11 m tin i mi i in. I .mill!. . limn. I in. . . . . . .. . . . 


hi IIII u i mil iiiiiii 111M11111111111111111 iiu 11 npn ii iiiiiiiiiuin mi i iii in 11 1 mu lift'll! iv,! mi" 111 .art iicinii 11 run in mi hit 1111 mu i m im r? 


STUDENT CONVENTION AT REGIONAL MEETING OF 
GREAT LAKES DISTRICT 

The first day of the Regional Meeting of the Great Lakes 
District, held at 1 Chicago November 28-30, 1927, was devoted to 
a Student Convention consisting of a technical session during the 
morning, a District Conference on Student Activities in the 
afternoon, and a smoker in the evening. Extensive plans bad 
been made for the morning and afternoon sessions under the 
leadership of Professor J, F. H. Douglas, Chairman of tho 
District Committee on Student Activities, who presided at both 
meetings. 

Technical Session 

The technical session was opened by an address of welcome 
by Mr, B. G. Jamieson, Vice-President, Great Jjakes District, 
in which ho welcomed the students to the Regional Meeting 
not only as guests but also as substantial, contributing units. 
He mentioned briefly the benefits to be derived by students in 
the preparation and presentation of papers. 

The following papers were presented by students: 

Substation Protective Device s, L. F. Masonick, Lewis Institute. ^ 
Locating Faults in Telephone Cables , A. R. Sansone, Lewis 
Institute. 

Measurement of Transverse Reaction in Synchronous Machines 
by Use of Synchronously Revolving Contactor , E. E. Lashway 
and E. T. Baldwin, Marquette University, (Presented 
by E. T. Baldwin), 

The Student Engineer’s Altitude Toward His Work , J. F. Payne, 
Rose Polytechnic Institute. 

Errors in Current Transformers at Abnormal Loads, L. L. Carter, 
Purdue University. 

A Method of Design for Reactors Where a D . C. Component is 
Present , J- P» Barton, University of Minnesota, *27. 

Historical Development of the Direc^Current Motor , Joseph 
Horan, University of Notre Dame. 

The Localization ofi Faults on Parkway Cable, John Sargent, 
University of Wisconsin. # * : 

Recent Developments in Commercial Radio Telegraph Transmitters 
for Marine pee, by T. J, Boerner, University of Wisconsin. 
(Presented by John Sargent). * 


An Electrical Method of Obtaining the Compression Indicator 
Card of a High-Speed Compressor , by M. E. Fiene, Univorsi ty 
of Minnesota, 

Experiences with Motor Maintenance in Pulp and Paper Mills , 
C. P. Feldliausen, University of Wisconsin. (Presented 
by title only). 

A Study of Flux Conditions in Armature Teeth, T. B. Holliday 
and C. W. Kronmiller, Purdue University. (Presented by 
T. B. HollicVay), 

The papers were well presented, and all available time was 
devoted to discussion in which a considerable number of students 
participated. About 200 students were present. 

Conference on Student Activities 

Of the thirteen Branches in the Great Lakes District, nine 
were represented by their Counselors and Chairmen, and^ack 
of the remaining four was represented by either Counselor or 
Chairman, at the Conference on Student Activities held at 
2:00 p. in. 

The program of the conference was as follows: 

Management of Electrical Shows, K. E. Hunt, Chairman, Michi¬ 
gan State College Branch. (Presented by Elmer Kirk). 
Financing Branch Activities , J. R. Adrianson, Chairman, Mar¬ 
quette University Branch, (Presented by P, C. Neumann); 

. Professor F. A, Rogers, Counselor, Lewis Institute Branch. 
Branch Programs , G. C. Brown, Chairman, University of 
Minnesota Branch; ProfosSbr J. A. Caparo, Counselor, 
University of Notre Dame Branch. 

Social Activities of Branches , L, J. Van Tuyl, Chairman, Uni-* 
versity of Michigan Branch; Professor D. P. Moreton, 
Counselor, Armour Institute of Technology Branch. 

TFaj/s and Means of Interesting Under Class Men 9 in Branch 
Activities, Arthur Drompp, Chairman, Rose Polytechnic 
Institute Branch; Professor A, N. Topping, Counselor, 
Purdue University Branch. * 

The Problem of the Branches, Professor C. M. Jansky, Counselor, 
University of Wisconsin Branch. 

General Discussion . , 

Tho reports on Electrical Shows and Branch Finances wore 

based upon the results 4f extensile surveys made by means of 
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|| ■ questionnaires sent to Student Brandies, and contained sum- 
manes of data on many aspects of these subjects 

M f r ' G ' C ; Browp aild Professor J. A. Caparo described briefly 
the types of meetings held by their Branches at the University of 
Minnesota and University of Notre .Dame respectively. At the 
former, Branch meetings aro not well attended if held more 
frequently than oneo a month. Inspection trips aro very 
popular, but smokers are not well attended. At the latter the 
• meetings consist of four parts: business, presentation of papers 
by students, discussion, and social features with refreshments. 

• ?i” the S '! bje f °. f f°. eial aotivitiGS ' Mr. Van Tuyl considered one 
of the mo%6 valuable results of Branch meetings the making of 
acquaintances aifioug students and faculty members, and said an 
occasional eo<nal meeting such as a smoker promotes this func- 

. £ 0< ? e(Iootlv f y ; . Professor Moroton reported that all juniors and 
seniors in electrical engineering at Armour Institute of Tech- 

the°iSlZ! r Sh, f entsof the Institute, and also emphasised 
the mfpoitance of smokers to promote mixing. His Branch has 

two annua smokers which are attended by many alumni who 

• ^Z S . StUde,ltS P1 ' 0blems they have ”»**>« living 

. njhOL i I>r ? MPP , S . aid . fresl,meu aiul sophomores do not have the 

. natural interest in things of a professional nature that seniors 
avo, and mentioned some means of increasing their interest < 
such as balanced programs without too much deeply technical 
material, placing each student on a program at least once 
encouragement of discussion, social meetings, and placing the 
Branc^before the students as an active, g iug oigm Si n 

the necessity 5 s?n“« 
Svl?’7 ? n a BlaU1 ' and said the st,ldents n»»f participate 

■ He said the* A TfT ' U ° rd ® t0 rGeoiva t3l ° greatQsfc benefit. 
±Le said the A, I. B. E. conventions only rarely have activities 

arising outside the Institute and that the students should furnish 
Branch programs rather than depend upon outside speakers. 

Professor C. M. Jansky opened his report with a brief per¬ 
spective of the origin and purposes of the Student Branches, and 

HfmTt'* 8 Tn 1101 b ° deve . loped b y the use of outside speakers. 
He mentmned thenway activities open to university students and 
Uie renown winch may be. received in them/while officers of 
Branches receive little or no distinction. He made a plea for 

mi? L re 'thos n o tl0, | f ° r Stl | de “ tS Wb ° are lead6rs iD Bra “ oh work 

i ^Svities Participate in the programs and other 

Smoker 

. A-stndonfc amo \ 6r was held on Monday evening to afford the 
students, Counselors and others an opportunity to become 
better acquainted,. Brief addresses were given by Vice-Presi- 

g?S 1 * Si St and t ^ j - f - h - 

of the D.Strict Committee on Student Activities. Several 
entertainment features were provided and a buffet luncheon 
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* BRANCH MEETINGS 

„ . i: , , Municipal University of Akron 
justness Meeting. December Attendance 10. 

•„ Alabama Polytechnic Institute 

Pam Electrical Equipment, by Mr. Hightower, student, and 
' Engineering Projects, by Professor W w Will 

7 Counselor. Novomber 10. Attendance ^ ' HlU| 

Motion pidtpre, entitled;'’Manufacture of Pap'or.” was shown 

.. ’ Universlty of Arkansas 

■ and Organic Chemist, by Dr. Wertheim' 

| .V^Sf Development., in Eastern Europe, by Maurice Koenblaot, 

k ?»“■ *** 

r.v! ' , • .V 


ACTiVITIES Journal A. I. 

. Television in Europe, by Harold Leimer, student, and 

sfaXn t° f ^ raw,, f s< f of Power by Cablb, by J. P. White £8M|8f2jS 
student. December 1, Attendance 13. 

,, .. '. Armour Institute of Technology 

Motion picture, entitled "The Development of Powe!-" B „. 

shown, Novomber 4. Attendance 43 ' Waa J| 

Brooklyn Polytechnic Institute •' 

he Interconnection of Large Power e fnv ajj * /♦ 4 

Loads, by Mr. Brandler! student, and M MoaUum o/ 

ElStric 0 ^ °L M T*' 1 °- Dte ^~fer. General 
Attendance 66 Refrashments wwe **ved. November I 

_ , ?!f|®|wi| 1 

ct, „ Bucknell University • '• •' : :M i 

s ,L s Tlmm ’ I 

The Future of Electrification of Railroads, by Prof. W. K. Rhodes'' 4:|fefeC:--'■ 
Mot?pn picture, entith^^Rom^e^o^B^ls'and^Power^ 

was also shown. 'November?. Attenda^ P W ' :*rf| 

1 10 °f 7 In ? icaltn 0 Instruments, by Mr. Coby Weston ®WS$? 5 'I11 

S5«53SS?j8°°' KS flif 1 

University of California iiJp ip &i|§ 

"'^yTM.fcisIr^nf^io^^’' *° Receiver > ■■ 

* Th6 BSS^g. M ° l0r ' by N ’ November 2. 

Business IVEeeting. Nomination of officers for second semester 1 'ISlftlil 
(The following officers were elected several daw K.’ 

e 3 s^ssss«^*ffi m 

R • Jhc^Hfornia Institute of Technology Si^iSlfl 

77 t „ r, Catho,ic University of Amerfcn 

Use of the Carrier Wave in Line Telephony bv L B Bmrnn ti 

Chesapeake and Potomac Telephone Co D Vo’Iflm : ■ W 

Treasurer, gave a recitation of -C as ey at the ^0^$' 

Refreshments were served. November Iff! 7 A ttendance 2 B. ' 

07 , Trr Ca»»eiHe Institute of Teehnolorfy ‘JfiHHI' 

18 §| 

The Desirability of Having Student Speakers by Prof B C 

n ■ Ciemson College ■ 

honouringo Power Development , by A. A. Walsh* ' • 

Edison and the Incandescent Lamp, by L. B. Moore and 5 

c™, B„n„, by w. P. W« !t . No ^, mb , r tTiSLm 26. 7 SHpi I 

77,1 ... Colorado Adrloultural College ' 

K stuntfbrHomeeoini^"SvemSw. 2teSS5o°W I 

Business Meeting. November 28. Attendance 10 

m, ■ ■ , University of Colorado • MM 

'“Telophoife Sboratories^f.’ mwtaJtad'JS*}^ ^ MBM 
motion pictures. Nave^b« 17. iffl a S h 86 >lld « aad fgy 
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r0 Station. ^e?er?^ov^ber^6.°7vtee^aiwe^40. adOaS ^ n ^ 
. , r , Cooper Union 

A Maximum Demand Meter, by Charles Coles, student and 

Xdenr r *Nove?bwi6. 7 '' Attendance°4a ^ J ° hn Meehan ' 
yr ,University of Denver - 

n 7 . Drexel Institute 

Development of Hydraulic Turbines, by Wm Kellv TPM * 
Co. Joint meeting with A S k if k Morris 

* Attendance 22 * * ♦ M. L. Chapter, December 6. 
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Duke University 

Natural Resources in the Carolinas, hy Pvot W. J\ Seeley, Coun¬ 
selor. November 21. Attendance 11. 

Georgia School of Technology 

The P'ower Limit of Transmission Lines, by H. G. Harvey, 
Westingliouse Elec. & Mfg. Co. A mechanical model used 
’to illustrate talk, November 25. Attendance 90. 

University of Idaho 

100 Km. Radio Tubes, by C. N. Teed, student. Illustrated by 
slides. Discussion of the coming “Engineers Day.” 
November 21. Attendance 18. 

State University of Iowa 

Oscillographs and Their Uses, by D. D. MaoDougal, ancl 
Benefits Obtained from Electric Heat Treatment, by II. C. Mathis. 

November 16. Attendance 29, 

The Edison Battery , by M. II. Jensen; 

Materials for Switchboard Panels, by G. L. Pruhdon; 

Solution of a Cubic Equation, by P. Rosmovsky, and 
Electric Practise in Copper Mining , by 0. T. Sfcueck. November 
23. Attendance 29. 

The Romance of Power, by C. M, Ripley, General Electric Co. 
Joint meeting with Student Chapters of the A. 3. C. E, and 
A. S. M, E., sponsored by A. I. E. E. Branch. November 
30. Attendance 162. ^ . 

Packing , by Herman Sader, Gai'look Packing Co. Joint meet- 
ing with the Student Chapter of the A, S. M. E. December 
7. Attendance 39, . 

Kansas State College 

Opportunities of the Graduates with Industrial Companies , by 
Prof. R. G. Kloeffler, Counselor. He also gave*a list of 
Companies which employed the Kansas State men for the 
last three years. October 31. Attendance 102. 

Difficulties in Long TAne Power Transmission, by D. W. Grant;' 

A 100-Rw* Vacuum Tube, by A, L. Morgan. Illustrated, . 

Mr Summer's Work with the Commonwealth Edison Company, by 
Kennis Evaps. A motion picture, entitled “Big Deeds, 
was also shown. November 7. Attendance 79. 

University of Kansas 

Mr. S. M. DeCamp, Chairman, Kansas City Section, A. I. E. E., 
took charge of the meeting and introduced the speakers, 
A. E. Bettis, Vice-President, District No, 7, spoke on the 
importance of the A, I. E. E, and the value of combined 
meetings with students. A, P. Denton, Electrical Engineer, 
Denton Engineering and Construction Co., sj^oke on the 
National Electrical Code. Dr. H, P. Cady* University of 
Kansas, demonstrated some of the properties of liquid air, 
November 1. Attendance 100. 

University of Kentucky * 

Digest of an Article on “Light," by T. H. Doeman; 

Digest of an Article on “Electricity in Aviation by H, E. Gold- 
stine, and 

Technical Terms Often Misused, by Prof. W. E. Freeman, 
Counselor, November 9. Attendance 33, * 

Lafayette College 

A talk on his trip to Europe dealing especially with elec trio 
lighting and transportation was given by Prof. M. King, 
Counselor, November 26. Attendance 19, 

Lewis Institute 

Chicago Engineering , by E. J. Kelley, Chief Engr., Sanitary 
' District of Chicago, and President, South Park Board. 
November 18. Attendance 150, 

Louisiana State University 

Motion pictures on Power Transformers were shown. Dis¬ 
cussion of plans for “Electrical Vaudeville,” Henry Joyner 
was elected Secretary-Treasurer. November 29. At¬ 
tendance 20! , 

University of Maine 

Opportunities in Illumination , by Charles Howard, Central 
‘Maine Power Co. November 10. Attendance 14, 

Mercury Arc Power Rectifiers, by E. W, Jones, Secretary. 
December 1. Attendance 20. * 

Marquette University • 

Power Distribution in Chicago, by; H; E. Wulfing, Commonwealth 
Edison Co. Joint*meeting with University of Wisconsin 
and School of Engineering of Milwaukee Branches,- A 
dinner preceded the meeting. November 14. Attendance 
• 94 . 


Report on Regional Meeting at Chicago , by P, C. Neumann, and 
Oil Geer Company , by Herbert Hartman, alumnus. December 8. 
Attendance 32. * 

Massachusetts Institute of Technology 

What Kind of an Engineering Job Can I Get, and How Do I Go 
About Getting Jtt by 0. W. Eslibach, Personnel Dept., 

A. T. & T. Co, Illustrated with three reels of films. A 
free supper was served preceding the meeting. November 
11. Attendance 406. . 

History, Organization, and Scope of Stone Webster, Inc., by 
N. H. Daniels. Two reels of motion pictures of the Cono- 
wingo Project were shown. December 2. Attendance 408. 

Michigan State College » 

The Development and Methods of Manufacture of the Modern 
Insulator, by Brent Mills, Lapp Insulator Co. Committees 
appointed for Electrical Show to be held January 30 to 
February 4, 1928, November 8. Attendance 70. 4 

Inspection trip to Jackson, by the Senior Class, where two sub¬ 
stations and the Laboratories of tlio Consumers * Power 
Company were visited. Attended a banquet in the evening 

S iven by the Detroit-Ann Arbor Section of the A. I. E, E. 
lovember 16. Attendance 35. . * 

University of Michigan 

Some Interesting Things About Atoms, by Prof. Barker, of tli© 
Physics Dept. Illustrated. November 10. Attendance28. 

Engineering School of Milwaukee . 

Talk by II. E, Wulfing, Commonwealth Edison Co. (See 
November 14 meeting of Marquette University above), 

, November 14. 

Mississippi A* Si M. College • 

The General Electric Company and Its Student Training Jf our ses, , 
by Robert Carutliers, Appointments o£ various committees 
announced by Chairman. November 7, •Attendance 35. 

Missouri School of Mines and Metallurgy 
Radio Program and entertainment for the Freshmen. Program 
for the school year of 1927-1928 outlined. Refreshments 
served. September 22. Attendance 21, 

University of Nebraska 

Television, by Dr. M. B, Long, Educational Director, Bell 
Telephone Laboratories, Inc. Film showing first demon¬ 
stration of the apparatus. Joint meeting with bigma Ai. 
November 16. Attendance 185. 

Newark College of Engineering 
The Development of the Vilaphone and Movietone, by D, C. # 
MeGaillard, Installation Supt., Acoustic Dept., Electric 
Research Products, Inc. November 14, Attendance 54. 

College of the City of New York 

Motion picture in two reels, entitled “Through the Switch¬ 
board,” was shown Talk, illustrated by slides, was alsg 
given on this subject by S, B. Williams^ Bell Telephone 
Laboratories, Inc. After the meeting an inspection of the 
Audubon Exchange of the New York Telephone Company 
was made, November 17. Attendance 25. 

Inspection trip to the Edgeeombo Exchange of the*New York 
Telephone Company. December 1, Attendance^ 12. 
Inspection of the many interesting exhibits at the Power Show. 
Decembers. Attendance 11. 

Inspection trip to Long Distance Exchange of the A. T, & T. Co. 

■ December8, Attendance 10, * 

New York University 
Business Meeting. November 29. 

Designing an Illumination System for One of the Seven Wonders 
of the World—the Virginia Natural Bridge, by W. A. Oglesby. 
(N. Y. U, *23), Illumination Engr., Wesfcmgkouse Lamp Go. 
December 1, Attendance 15, 

North Carolina State Colled© 

Power Development in North Carolina, by J. H. Paget, Supt. of 
Power, Carolina Power and Light Co, Banquet. Novem¬ 
ber 15. Attendance 30. th 

Steam Plants and Their Accessories, by Prof, W. J. Dana. Illus¬ 
trated. December 13, Attendance 15. 

University of North Carolina 

Sag and Stress Analysis of Transmission Lines, by T. B. Smiley, 
Instructor, November 17. Attendance 21. 

Regeneration of Energy on Electric Locotnoiivcs r by W. L. Brooker, 
student. December J. Attendance 20. • 
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„ Journal A. I. E. E- 

Northeastern University 

the Production, of Radio Receivers bv A P M„ w »v »r • Rhode Island State College 

Inc6 90 Pe ly App<U:atus Co. November L Atte£ Providence, by 

Dr T A n University of Notre Dame - ~ ' ‘ 

of iiemfiSSllp iS’SS&S^ 


Seeretoy, Qeo le ^SSSS* Vice-President, ^ Ered‘ wSj 

' ^^ssrvfiBroJBS 1 

. »«w jw j.»„h 

* the Regional Meetinnh? rut? de3,rabdlt y of attending 

•to™* V»C“! AtSS. ea E »'~l”»ent. »e 

XT . Ohio University 

^ November 9. Attendance 12. 

•Business Meeting. November 30. Attendance 13 . 

|V,„ , „ , ° h, ° Northern University 

. Lf^ 6 TnteresM in Mecirical Engineering, by B. Wyandt, 

Tke St^Doeembi'a AUendanc^O Pahricalin <> 

MJ A ,. Ohio State University 

Pby^s P Pro^ams’1or'1im by Pr ?- f< A ’ W ’ Smith < Dept.‘of 
. avows distributed. The possi Sfitv of h° i r' 6 year 1027 ‘ 28 
of Brandies at Ohio State in l fI B °o bo . dlng a convention 

. d ™» *■ fr&rr- 

Tit t Tztj’ , Oklahoma A. & M. Collede 

6 en titied ^“The! ’ Benefactor’'' waC^h 1)icturo V in t]ire0 ree| s. 
Attendance 55 Rt ° r " as sllow «- November 10. 

•«£ »to„. wto - 

„ v. . University of Oklahoma 
5*. » 01.500. 

• '£z‘sx m ™ <*■« 

A n it ° rejion State Collede 

illustrated by 6 s»dL y J IVank a B7 an V Instl ' U 1 0tor in Pll .vsics, 

. Manager. December?^ AttendCncelC ® 6 ° ted Publioit ’ 7 

Pennsylvania State Collede 

hydroelectric Installation. 

and General Conditions bv W O TCirir. 
Comiruction of the Dam , by J. F. SC £ Klrk ’ 


dance 18. • 1 •> * ™™ence. November 19. Atten.;; 

w ' tt*NS 4 «r‘iK,i n ffif»' «p to tfo pi.ut of 

November 25! 

r, , Rose Polytechnic Institute 

**23 “*“* “ ,J "WMo™-, to O. CM,, s.u.laut, 

*rtS!S'No™!s«?ijr “itteodiS" by a 

^ tf. Bg— Meeting In 
was given by Arthur Droimm C rw! T 100 * 11 sosfilon 

. Rutgers University 

' ^Sentfand **"** DHve in Pa * er Mi lls, by A. U. Welch, 

Plm ^& r gSZ3E& %-• * * Chatten, 


« by F -«■—. 
c, D , University of Santa Clara 

i 

Automatic Sub-Stations hvP R c AT - ee 7J- 

Mfg. Co. Illustrated 3Vu ,a ?f- 6 i tt ’ Westmghouse Elec. & 
tendance 82 Wlth shdes ' December Q. At- 

t. r . University of South Dakota 

“•xasiontag" Tr “^” ™ o'io-. 

n Stanford University 

* “Bit CV “'.‘o.Sl'54 4," r ' “*;toi General 
end entoel. «w 

n- 7n . . Swnrthmore Collede 

""Co. n &in b / Pi|uS^ov» 

Business Meotieg. Septembll pi" f 'Lf ty i 
Business Meatiog, OeST^A.tldLtS & 

Boulder Dam Prnip^f iitr r c? t i 


iP^%Sx y l Kirk ; oSrr,^ttrr 9 e 8 - 

Attendance 47. * * urcliei. November 16, Da???. P^ecf, by J, S Walsli and 

October 


University of Pittsburdh 

JSUcirieity in Coal Mining, by J. J, Crawford, student and 
Automatic Railway Substations by H A Fait 

November 4. Attendance’ 49 y B ■ R ltmeyer ' student. 

to T. A. Greul. „„ 

VP, 1ZT bt a’T'JoS'Ttut'f'“ff '» if»« OI.I..U, 
tendance 37. 08 ' student. November 18. At- 

Princeton University 

- sateSr**sat 

* « * 


21. Attendwice 11. by®. H. Gilchrist. October 

Poiaer Generation in New York Gitv hv n i? o i 
Power Distribution in ,v„„ v .i^’ ^ , E ' 8oll 'Wting, and 

October 28. Attendance*!!)! CUV ’ by K ‘ N * past wood. ' 
Twes of Generating Stations, by R. C. Miles am! 

to A. L. HaS. Kovemtet 4 ; 

Attendance 10 . 9 Belle, November 11 * 

Roosevelt Dam Project , by E. D Lvnfl« * 

Utilizing Tides for Power bv F T p, \ \ T 

Attendance 11 . ’ )y "• Plant. November 18. 

Film, entitled “The % 

talk by C. C. Yates ^CounsHln ? 8,1 S * wa - s sbowc - Short 
paign no be conducted amn^ 'Q. 00 ? 0 ' 61 ' 11 ^^ Safety Cam- 

IfB.®. NX“ffi 8 “S i a22.l2 B '“ St “ 01 “■» 

w , University of Texas 

* ° NovembeS% S tt e nd a Se' 33 PrOUt ’ Qen « al Elecrio Co. . 
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Virginia Military Institute 

Motion picture, entitled “From Coal to Electricity/’ wasishcnvn. 
The following officers were elected: President, F. Barkus; 
Secretary, E, F. James. November 22. Attendance 25. 
Motion * picture, entitled “King of the Rails/’ was shown. 
December 5. Attendance 56. 

State College of Washington 

Advice to Undergraduates, by R. Cooper, ’25, Sales Engineer, 
Westinghouso Electric & Mfg, Co., and 
Report 071 the Sections Co7nmitlee Conference and Coiifcrence on. 
Student Activities at Simmer Convention , by Fror. R. 11. 
Sloan, Counselor. Louis Deleau chosen to succeed Mr. 
Martin as Vice-President. October 19. Attendance 26. 
General discussion on student papers. It was agreed that the 
presentation of papers by students is very desirabLe. 
November 4. Attendance 30. 

The Oscillograph, by 0. B. Osbum, Ina true tor in Electrical 
Engineering. Illustrated by slides. November 17, At¬ 
tendance 31. 

Washington University 
Business Meeting, December 1. Attendance 24. 

Trip to Bell Telephone Building, St. Louis, to inspect automatic 
switching equipment, and apparatus for transmitting 
pictures by wire. Decembers. Attendance 30, 

University of Washington. 

The Conditions Under Which the Student Works at the General 
Electric Company, by W. Joyce, student. November 11. 
Attendance 60. . 

The New Great Northern Cascade Tunnel and Its\ Consiructton t 
by R. W. Barker, student. November 18. Attendance 29, 

Electrification Statistics, by R. Boeuwkes, Bloc. Engr., C. M ..& 
St. p. R. R. Illustrated by slides. December 2. At- 
tendance 40, 


Washington and Lee University 

Automatic Telephony , by R. E. Kepler, student. General dis¬ 
cussion of the condition at Washington and Lee University, 
November 21. Attendance 8. 

Business Meeting. December 2. Attendances. 

West Virginia University 

Radio Beacon Helps Fliers , by H. I, Burner;,Automatic Control 
for Steam Railways, by J. R. ( Cooke; Niagara Falls, by 
Ivan Vannoy; Arrester Protection for Watt-Hour Meters, * 
by D. E. Akins; Electrification of Steam Railways in'the 
Lumber District, by John Tinivelli; Rehabilitation of South ' 
Shore Line, by H. M. Brosius, and New Electrolytic Process 
for Zinc Production, by Earl Milam. November 14. ■ 

Attendance 32. ^ * 

Seventy "Five Million Dollars to Sav& Twenty Minutes ^ by S, J. 
Donley, and 

The Place of the Synchronous Motor in Industry, by R. N. Ktfeh- 
ner. Arrangements made for Electrical Department s float 
in Thanksgiving Day parade. November21, Attendance 34. 

Worcester Polytechnic Institute * 

Continuous Threads of Activity, by Prof. V, Karapotoff, Cornell 
University, He also read a poem which lie has written,* 
entitled *The Immigrant/’ November 28. Attendance 

150. ( • 

University of Wyoming 

Business Meeting. November 15, Attendance 7. 

* Yale University 

Discussion of plans for exhibition to be held December 11-12. 
Mr. FouLds reported for the Exhibition Committee. Mr. 

1 Frank reported for the Advertising Committee, Prof. A. E. 
Kn owl ton gave a brief history of the exhibition. Chairman 
W. J - . Brown spoke on the Regional Meeting whiel^wiU be 
held in New Haven next Spring, at which time a Student 
Convention will be held. October 25. "Attendance 2L 




Engineering Societies Library 


........... 


mp tn «n .. 'M«*i 


The library is a cooperative activity of the American Institute of Electrical Engineers, the American Societ tntf 
Civil Enaineers the American Institute of Mining and Metallurgical Engineers and the American Society of Meehan- 
iml Enoineers ' It i> adminstered for these Founder Societies by the United Engineering Society, a public referen 

sciences. It contains 1*0 000 volumes TFJSS+ 

most of the important periodicals in its field. It is housed in the Engineering Societies Building, £9 West thirty 

niTUh jf''J f e fJvlL the resources of the Library at the disposal of those unable to visit it in person, the Library is 
prepared to furnish lists of references to engineering subjects, copies or translations of articles, and similar assis anet. 

*—*—*« 

aJZJSSTo, US! M ««" »** *•“ **“>■« vo»m ... IU u. .»—»»'«■ 

^’T^l^rTft «. ,o ,0 «• »- *■*« 

July and August when the hours are 9 a. m. to 6 v*m, 


BOOK NOTICES* NOV. 1-30, 1927 

Unless otherwise specified, books in this list have been pre¬ 
sented by the publishers, The Society does not assume respon¬ 
sibility for any statement made; these are talcen from the preface 

or the text of the book. : . 

All books listed may be consulted in the Engineering Societies 

Library, # tT 

Zahxgkeitsmessungen an Flussigkeiten TJND UNTERSUOn- 

TJNGEN VON VlSKOSIMETBRN, 

By S. Erk. Bferlin, V. D. I. Verlag, 1927. (Forsohung- 
sarbeiten auf dem Gebiete des Ingenieurwesens, heft 288). 64 

pp., diagrs., tables, 11 x 8 in., paper.* 6,-r. m. V. D .1. members 

6 ’^rhe purpose of these investigations was the construction, of a 
viscosimeter with an absolute seale, for basic measurements, and 
the examination of viscosimeters m practical use. A standard 
viscosimeter waifoontfraoted, with which the viscosity of arnlinq, 
and various bils was measured at various temperatures, With 


this standard the exactitude and fields of u * 6 *“' n ^ r » 

Bugler viscosimeter and other commercial types werS then 
investigated and a formula derived for the conversion of measure- 
meats with them into absolute rpoasurements. 

Valuation, Depreciation and the Rate-Base. ^ 

By Carl Ewald Grunsky. 2nd edition. N, Y., John Wiley* 
& Sons, 1927. 600 pp., tables, 9x6 in., cloth. $5.00. 

Dr, Grunsky lias revised and extended his analysis of the 
valuation problem in this new edition. New chapters on 1 he 
standard of value/’ on some “Elements deserving special consid¬ 
eration when rates are to be fixed, and on A few r o Q ent GOurt 
decisions” have been added, and the tables have been increased 
in number and made more accurate, 

SOKIEafl IfND SP-RENqstopfe, ■ 

By Ph. Naoum. Dresden u. Lpz,, Theodor StemkopK, 1927, 
199pp., illus., 9 x6 in., paper, 12,50r. m,; bound 14.-r. m\ 

A monograph upon tlie manufacture of modern explosives in 
which developments durj#^ and amce the Would War are sys- 

« . • • M 


4 




















r 


tmnatioally presented, with ample references to the original 
publications. 

Ilr' 1 • : ROTARY CONVERTERS, 

By E. F. Hill. N, Y., D. Van Nostraud Co., 1927. 329 
pp., illus., diagrs., tables, 10 x G in,, cloth, $9,00. 

A treatise dealing with the principles and operating character- 
sties of tho rotary convorter. written esnooiallv for on criiionx 
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* The detailed design of converters is therefore omitted and 
attention is concentrated upon their constructional features 
auxiliaries, methods of operation and control, operating cliarac- 
tens tics, testing, advantages, etc. The book is provided amply 

. with illustrations aud*a good list of references, 

Postponing SAikes; a Study of the Industrial Disputes 
Investigation Act of Canada, 

• ^ Selekman. N. Y,, Russell Sage Foundation, 1927, 

405pp., tables, map, 8x5in., doth. $2.50, 

. r f^2l T 1 ntlu ^ rial Disputes Investigation Act adopted by Canada 
in 1907 has been so frequently pointed to as a model for American 
legislation to provent strikes on public utilities that the Russell 
* foundation undertook a study of its operations. The 

results or investigations over a period of ten years are contamarl 
, We author discusses the effects of the 
H-f n J eth - ods °( administration that have proved effective 
. * the attitude of employeessand employers and the significance of 

• Canadian experience for the United States & anc0 or 

• 

Neukre Methoden Zcr Statik der Rahmentragwerke v. 2’ 
Der Bogen und das Bruokengewolbe. 

JJ £**%?*- ?. rd ediUon - Borli ". Wilhelm Ernst’& 

• bohn, U&i. 171 pp., diagrs., tables, 11 x 8 in., paper. 12.-r, m. 

applies modern methods to the calculation nf 
bridges, especially those of reinforced concrete 

2 thi^hSn " bridS archts d0 Tablo S d £? ^ en api j I ! ed 

include the influence linos and moments^arohesfor'moRt^lo 11 

Mrtseeuon treats of tho design of successive arches on clastic 
Nece Tabelusn und Diagramme pur Wassehdampf 

.Author) PP " 18 P per ‘ Pnee not quoted ' (Gift of 
. steam tables, 

Dm Maschinenelbmknte, y. l 

^SSSnSL, 52 : W27 ' 600 

btawlrt ref ma0]li,le flewfuts, 

tognor, The flrst section ? S a r ? fere P c e work for the 

taut formula* and principle? of tl»£ ei t era * review of the impor- 
®wnd,,tbe properties of^fcho v» strei igth of materials; the 
toeuaaea the general princiDlesfrnfi 3 ^knala. Section three 
elements. Succeeding* sections tJie . fonn of machine 

•uBBX&Sxtsatssr’.'* 

metlw 
form. 

di^.yS2, T f 0 ^ 7 . UI ' >1 W' 3- Him! 1027. 
f*™***' W X-7 in,, paper. 25,-r. m, 

givers Qerm^°fitudonf X ^ 00k on raotalIu rgy, 

j&ftarasriEffife «w?uaS 


Journal A, I. B sJjbjjjfe i 

Tiiis volume covers gold, silver, platinum and copper, 
second will treat of the remaining non-forrous mo tills of -'l 
importance. ’ 1 

• . v!H ^ 

Der KuaELSCHLAGHARTBPRXTFBR. =• 

By J. Class. Berlin, V. D. 1, Vorlag, 1927. (ForsoJiun|f^#IV 
sarbeiten auf dem Gebiete dos Ingoniounvosons. Hoffc, 29(j); ! 3®^ % 
20 pp., diagrs., tables, 12 x 8 in., papor. Price not quoted. *' 

, Dyxiamio hardness testers are cheaper and more portable. * 
than the static type and have consequently recently agalu^tk^i 
attracted attention. Their advantages have lorl to this $ 

whicli endeavors to throw light upon tho principles govominirf'^*^ 
their use by an investigation of tho relations bo tween sfcatio and 
dynamic testers. 

Kathodeno'szillograph, Forschungsliofto der Studiongesoli^^®SI 
schaft Hoclistspanmnrgsanlagon .... lioft 1. jEditod by 
A. Matthias. Berlin, Voroiiiiguiig der 151 oktrizi tats work© Ilfl 
e. V., 1927. 77 pp., illus., diagrs., 12x8 in., papor. 
r. m. .. 

Contains three articles by Dr. D. Gab6r on tho oseiHoffranhv 

^ aves fc J 10 cathode ray oscillograph and^ort the ^|l!;’' 

for high 1 vedtano'^hins 111 ti* 3 mvo ?^ a ^i on of protootivo apparatus 
fm. In n g < e I Tho publication is issuotl by a aooioty 
,,n!fvT?i ^ ? f lueh-tonsion transmission probloma whioh 
Germany. P1 ’ m ° lpal powar *P 1 “ lta «d olootrical intorosW of 

Examples in the Strength and Elasticity op Mathuials. 

• ®, y G tV W - Bird ; Lond - Edward Arnold & Co., 1027. (Publ, 

at ^<ss 5 ^^ii«rr w - 8x5 ^ 

nations*of tlm various S^^S^SSSTStfi. 1 *® 88 th ° 0Xrtnlf “ 
Einpuhrong in die Hohbre Mathbmatik. 

m. B Lund Z ll2 a m . eaol i . U ' JUHU8 Spring ° r> i027 ’ 2 v - » * « 

the differential andi^|^ ( ^i 0 ®^ B n ? l |2“^ a, } d , ac > | oncp 1 covering 
analytical geometry and nomnmn 8 ] 1 ,.. “ 0 rm Ut i?'^loquatrons, sorios, 
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been exercised in making and reproducing the photographs, 
and all necessary explanations accompany them, A brief 
general text is included. * 

The two parts at hand contain photographs of carbon and alloy 
steels after various heat and mechanical treatments. 

A. S. T. M. Tentative Standards, 1927. Phila M American 
Society for Testing Materials, 1927. 824 pp., diagrs., 

9’x 6 iip, paper, $7.00; cloth, $8.00. 

The 1927 volume of tentative standards contains 175 specifica¬ 
tions for ferrous and other metals; cements; limes; gypsum and 
clay products; preservative coatings and petroleum products' 
road, waterproofing and roofing materials; rubber ploduets and 
insulating materials; textiles; fuels; and timber. It contains 
all those in force upon September first and supplements the book 
of Standards by giving the latest thought of the various com¬ 
mittees upon specifications which are still on trial. 

Geodasie, 

By Gustav P6rster. Berlin, Walter de Gruyter & Co., 1927. 
122 pp,, illus., diagrs., 6 x 4 in., cloth. 1,50 r. m. 

A very brief survey of the surveying of countries and of high® 1 ’ 
geodesy, intended for those who wish a concise account of the 
principles and the more important calculations. 

Course in Electrical Engineering, v. 1; Direct Currents, 

By Chester L. Dawes. Ed. 2. N. Y. f McGraw-Hill Book Co. r 
1927.. (Electrical Engineering texts). 589 pp. ( illus., diagrs., 

8 x 6 in., cloth. $4.00. 

This textbook begins with the most elementary conceptions 
of magnetism and current-flow and gradually advances to a 
discussion of the many types of direct-current and alternaiang- 
current machinery, transmission devices, etc,, that are met in 
practice. It is planned primarily as an introduction to more 
advanced textbooks and also for use by engineering students 
who are not specializing in electrical engineering, but lias proven 
popular in electrical engineering courses also, ( The last use lias 
been recognized in this edition by tlio inclusion of a more ad¬ 
vanced nature. Other changes suggested by experience have 
been made. 

Denkbchrxft Uder Die Maschinenindustrie Der Welt. 
Bestimmt fur das Komitee B des Vorbereitendon Auss- 
chusses tier In ternationalen Wirtsohaf tskonferenz dos Volker- 
bundes, Berlin-Charlottenburg, Oktober 1926. Verein 
Deutscher Masoh nenbau-Anstalten, 194 pp,, diagrs., 
tables, 11 x 9 in., paper. 7,50 r. m, 

An interesting and valuable statistical study of the machinery 
Industry of the world, excluding electrical machinery and boilers, 
The producing capacity, present production, number of workers, 
hours of labor, output, wages, export and import, tarifts, prices, 
etc., as at present and in 1913, are tabulated antj compared for 
the different countries. 

Design and Construction of Dams. 

By Edward Wegmann. 8th edition. N. Y., John Wiley & 
Sons, 1927, 740 pp., illus., plates, 12 x 9 in., cloth. $17.50. 

The particular point of interest in the new edition o$ this 
well-known treatise is the inclusion of a section upon multiple- 
arch dams, by Dr. Fred A. Noetzli. Descriptions of a number 
of notable recent dams have also been added, and minor re¬ 
visions have been made throughout the book. 

Electrical Engineering Practise, v. 2. 

By J. W. Meares and R. E, Neale. 4fch edition. N. Y., 
John Wiley & Sons, 1927. 532 pp., illus,, diagrs., tables, 9x6 
* in,, cloth, $6,50. 

This book aims to be between the pocketbook of bare data and 
the .highly technical works written for specialists in various 
branches of electrical engineering. The present ^2 ^.Kn 
of the transformation, conversion, storage, and distribution oi 
electricity; and its applications to lighting, heating, welding and 
cutting. The treatment is much augmented, as comparedwith 
earlier editions, and the text has been entirely rewritten. 

Essays on the Art and Principles of Chemistry. 

By Henry E. Aisnsfcrong. N. V., Macmillan Co. [1927], 
276 pp., plate, 9x6 in., cloth. $4.00. • 

The essays heren>rought together have, appeared in various 
magazines and other publications from time to time. . While 


they treat of many topics, they all are concerned with important 
questions of chemical theory, upon which Professor Armstrong 
holds opinions that are not in accord with those generally enter¬ 
tained by his colleagues. The charm and vigor of the author’s 
style make reading a pleasure. 

Gemeinfassliche Dar&tei,lung Der Gesamten Schweiss- 
teciinik:. 

By P. Bardtke. Berlin, V. D, I. Verla’g, 1927. 280 pp., 
illus., 8x6 in., cloth. 12,50 r. m* ^ 

In tills book the various processes of welding, by gas, electric- 
- ity, and alumino-thenny are discussed at length, from the point 
of viewr of the practical welder. The apparatus and methods 
used in each process are described, instructions for becoming a 
welder are given, the economics of the different processes are < 

discussed, ancl methods of testing welds are given. A chapter is 
devoted to accident prevention, and an appendix treats of gas ^ 

and electric cutting. Numerous illustrations of the apphoatuns 
of the different processes are given and the relative suitability * 
of the different methods for various kinds of welding ^rven 
special attention. \ 

General Chemistry. * 

By Leon B. Richardson. N. Y,, Henry Holt & Co.,’ 1927.* ♦ * 
812 pp. r illus., ports., 9x6 in., fabrikoid. $3.75. * 

A text-book on general inorganic chemistry for college students, 
intended as a course for those studying chemistry for cultural , , -» 

^ purposes, and as an introduction to tho science for those who « * 

intend to become chemists. More illustrative, explanatory and 
historical material is included than is usual, with the result 
tluvt the work is unusually readable and dear, 

Handbook for Highway Engineers, • 

By Wilson G, Harger and Edraind A, Bonney, 4th-ffilition. • 

N, Y., McGraw-Hill Book Co„ 1927. 1721* + 32 pp., diagrs. 
tables, 7 x 4 in,, fabrikoid, $6,00. 


This handboook is intended to supply all the data necessary 
in the everyday work of highway engineers, including both the 
information needed for general planning and that required tor 
the detail work of surveying, designing and construction- 

The text of this edition has been entirely rewritten. Chapters 
on road construction and on railroad grade crossing protection 
have been added. The additions total 700 pages, an increase 
of 70% over the third edition. 

Holzbiutcken. * . 

By K. Sohaechterle. Ber. u. Lpz., Walter de Gruyter & Co., 
1927. 124 pp., illus,, diagrs., tables, 0 x4in., cloth. 1,50 r.m.* 

Although steel and masonry bridges have largely rcplneed 
wooden ones, there has recently been a revived interest in the 
latter in parts of Europe, where the war has disturbed normal 
conditions. This little book gives a brief, historical survey 
of tho wooden bridge, treats of the nnnoipal varieties of wood 
and their properties, and discusses design, construction, types, 
etc, # . 

Human Machine in Industry, . * 

By Richard T. Dana, N. Y., Codex Book Co., 1927. 312 pp., 
graphs, tables, 7 x 6 in., eloth. $4.00. * 

Contents; General principles—Fuel requirements.—Cooling 
requirements . —Fatigue.—Rest periods— Keonomic houi.s o 
work.—Relative efficiencies of men and women.—Occupational 
age limits.—Industrial diseases.—Effect of stimulants on effl- 

C1 °Thc contents give a good idea, of the scope oi'book,fo 
brings together hitherto scattered information of stalest to 
employers and valuable to those attempting to improve industrial ^ 
efficiency. 

Introduction to tiie Mathematics op Statistics, 

By Robert Wilbur Burgess. Bost., Houghton Mifflin Co., 

1927. 304 pp., diagrs., tables, 8 x6 in., cloth. $2.50. 

This hook by the Senior Statistician of the Western Electric 
Company, is designed for students, busmes statisticians and 

others who wish a working knowledge of the f^fofimv abstruse 
not sufficiently prepared in mathematics to follow abstruse., 
theoretical discussions. To tliose readers, the book ainm 
give a general, but elementary out me of the!best methoclsol 
statistical analysis, with an explanation and discussion of these 
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methods, in which no mathematical knowledge beyond that 
acquired in a high-school course is assumed. 

Lefax Radio Handbook. 

By J. II. Dellinger. Philadelphia, Lefax, Inc., 1027. 
7 th looso-lcaf edition, v. p., iUus. t diagrs., tables, 7x5 in., 
fabrikoid. $3*50. 

This handbook is intended to give the novice a clear under¬ 
standing of the principles underlying radio and, more especially, 
$ of those connected with receiving apparatus. It discusses the 
fundamental principles, the elements of receiving and trans 
mitting apparatus, the assembling and operating of receiving 
sots, and antennas, and also supplies a collection of useful data. 
The handbook has loose loaves and new data may be obtained 
regularly (torn i^ publisher, for insertion. 

Light, 

By F. Bray. Lond., Edward Arnold & Co., [N. Y. Longmans, 

• Green & Co.] 1927. 284 pp., illus., ports,, diagrs., 8 x 5 in., 
cloth. . $2.25. 

An Momentary text-book for use in secondary schools, intended 
to satisfy the requirements of a general education and also to 
•prepare the student for further study of the subject. 

echanics of Materials. 

By George Young, jr., and Hubert E. Baxter, N. Y., Mac- 

• millan Co., 1927. (Engineering Science series). 451 pp,,diagrs,, 
0x0 in., cloth. $4.00. 

. An introduction to the mechanical aspects of construction, 
intended to emphasize goneral principles and to give the student 
a wording knowledge of the theory underlying the design of 
structures. 

• *** 

Overhead Electric Power Transmission Engineering. 

By William T. Taylor. Lond., Charles Griffin & Co., Phila., 
J. B. Lippineott Co., 1927. 532 pp., illus., diagrs., tables, 
9x6in., doth. $17.50. 

A sound practical treatise on overhead lino construction and 
use. A wide ran^e of subjeots is covofed and the electrical 
and mechanical principles involved are clearly explained. Illus- 

tSfles'are'giv^n 16111 practlce ar6 ,lsed frool y and many useful 

Overhead Systems Reference Book. 1927. 

By a Special Committee of the Overhead Systems Committee 
Engineering National Section, National Electric Light Assoeia- 
Uon. N. Y,, National Electric Light Association, 1927. 572 

*• SPV y 1 diagrs ” tabies> 11 x 8 fabrikoid. $7.50; to 
Is. E. L, A. members, $5.00, 

Wnn-’’ 6 wm, n °Lj|> e “Handbook on Overhead Line Construe- 
ff w fkh additional data collected since its tmblicafinn 

PtUMciTLES op Chemical Engineering, 

Warr ° U K ' Le '™ ™ d William H. 
&Sr 2d Wi .' 0n - N ‘ Y - McGraw-Hill Book Co., 1927. 

&X ‘S 770 pp - ***»■■ 

PoHolrin^uSl' 1 r ’ r ' I " jipl ^ o( stoichiometry. 

»nd the (low of fluids with theTaR’R°i^ ) vi pa - ny, ?i g tbe flow of Jieat 

in detail. WdTaAdtoeir 3 X? gav ® rni, |gHj?m,areconsider e d 
“im«ed, after which processerof 'Jm UStl0n , are . ‘I 1 ? 11 dis ‘ 
mrehameal reparation and of ffi f ™ i;™. ®? d , Srindmg, of 

don, drying, distillation and ili^ti° n ftre described. Evapora- 
vajwriEaliop are ftnally^treatedther prooosses depending upon 

pnnoiples underhung nraotical mnVi ^,i' rmi t'hout 1 Uie scientific 
md*r taught how to app°Me“°^ o tofL° mp ^ si,zed ’ and u ‘° 
PMNcnu.Es OF Radio 6oMM D xmATiON problems - 

$7.50. 001 PP " ,ltus - d,a ^- tables, 0 x 6 in, doth. 

■Asa sxnffitisrAiJas'offi 


t theory in practice. This edition has been thoroughly revised in 
the light of progress since the previous issuo. Much of the 
earlier matter has been deleted and much new matter lias been 
added; the result being a much more thorough and complete 
text. 

i 

Robinson’s Manual of Radio Telegraphy and Telfpiiony 
for Use of Naval Radiomen, 

» By Rear Admiral Robison, rovisod by S. C, Hoopor and 

* T. A-M. Craven. 7th edition. Annapolis, M(l,, U. S. Naval 
r Institute, L927. 737 pp., illus., diagrs., tablos, 10 x 7 in, r 
! cloth. $5.50. 

* Robison’s Manual, first published in 1007, is intended for 
student operators and others who wisli an account of the elemen¬ 
tary principles of the art and descriptions of tho apparatus 

, commonly used. In this latest edition the theory of radio 
( communication is set forth in the first section, A second seotion 
deals with the transmission and roception of radio signals and 
with the radio compass. Radio measurements and precision 
1 instruments are discussed in a third section. A sot of usoful 
tables is included. 

Sound, A Physical Text-Book. 

By E. G. Richardson. N. Y., Longmans, Groon & Co., 

# 1927. 286 pp., 9 x6in., cloth. $6.00. 

Covers the requirements of university studonts who have 
some knowledge of physics and of olomontary calculus, while 
at tii© same time it offers tJio research worker and technician 
an account of recent important investigations, with reforoncoa 
to almost all complete papers since 1907. It is a good summary 
of the results of recent experimental rosearuh, 

Story of Chemistry. 

* By Floyd L. Darrow. Indianapolis, Bobbs-Morrill Co., 
1927. 528 pp., illus., port., 9 x 6 in., cloth. $4.00. 

A popular work on chemistry and its modern industrial and 
scientific achievements. Starting with a history of tho dovolop- 
ment of the science, the author,diseussos achievements in tho 
use of fuels; in agriculture, war and diseaso prevention; rubber; 
colloids; metallurgy; and the synthesis of chemicals. The book 
is readable and entertaining. 

Taschenbuoii der Drautlohen Teleohapiiie und Teleiuionib 
By F. Banneitz. Berlin, Julius Springer, 1027. 1253 pp.. 
illus., diagrs., tablos, 8x5 in., elotli. 04,60 r. in. 

Like most engineering pocket-books, this is tho work of a 
group of specialists. It covors the ontire Hold of radio-tolophony, 
as well as the physical and technical principles of related subjeots, 
and attempts to bring together in one volume all the data 
common y needed by the radio engineer, rosoaroh worker and 
^ W0U U undoubtedly prove valuable to everyone 

in its Held. 

Le conical Methods of Ore Analysis for Chemists and 
Colleges. 

W V LoW> 10th 0diti011 - N. Y., John Wiley & 

Sons, 1927. 348 pp., 9 x 6 in., cloth. $3,50. 

remiirfi!i leC !fp 0U |i ,f te . sted n,etll0(ls for the determinations usually 
f * he teohl ucal chemist. Very oxact, detailed 

matter added glV6n ’ TJl ' S 0ditiou has bG0U ri:)viso d and some new 

Till, no 

0 fi By A v° lf Hiuz ' 2nd edition. Berlin, Julius Springer 1927 
68 pp„ diagrs., charts, 12 x 9.in„ bound. 25,-r m ‘ 

calISot l ttfI?- qUiCk ’, rehabl9 at ™ S to thQ implicated 
delim i • nS ° ln designing compressors, and give the 

sizes and relationships in convenient graphic fo*m. 
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Engineering Societies Employment Service 
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Under joint.management of the national societies of Civil, Mining , Mechanical and Electrical Engineers cooperate 
1 ing with the Western Society of Engineers . The service is available only to their membership, and is maintained as a coop- 
ef alive bureau by contributions from the societies and their individual members who are directly benefited . 

Offices:—31 West 39th St ., New York, N . Y ,,— W. V . Brown, Manager. 

68 West Jackson Blvd., Room 1786, Chicago, III, A , K. Krauser, Manager. 

67 Post St, 3 San Francisco, Calif % , N. D. Cook, Manager. 

MEN AVAILABLE,—Brief announcements will be published without charge but will not be repealed except upon 
requests received after an interval of one month , Names and records will remain in the active files of the* bureau for a 
period of three months and are rcneioable i ipon request. Notices for this Department should be addressed to 
EMPLOYMENT SERVICE, 31 West 39th Street, New York City, and shoidd be received prior to the loth day 

* ^OPPORTUNITIES.—A Bulletin of ^ engineering positions available is published weekly and is available to * 

members of the Societies concerned at a subscription rale of $3 per quarter, or $10 per annum, payable in advance. Posi- 
(ions not filled promptly as a result of publication in the Bulletin may be announced herein, as formerly. 

VOLUNTARY CONTRIBUTIONS.—Members obtaining positions through the medium of this service are ♦ * 

invited to cooperate with the Societies in the financing of the work by contributions made within thirty daAjs after ' 

placement, on the basis of one and one-half per cent of the first year's salary ; temporary positions (of one month or less) 
three per cent of total salary received. The income contributed by the members , together mill the finances appropriated * , 

bn the four societies named above will it is hoped, be sufficient not only to maintain,but to increase and extend the service 

REPLIES TO ANNOUNCEMENTS.—Replies to announcements published herein or m the Bulletin, shoidd * 

be addressed to the key number indicated in each case, with a two cent stamp attached for reforwarding, and forwarded 
to the Employment Service as above . Replies received by the bureau after the positions to which they refer have been s 

filled will not he forwarded. % 

POSITIONS OrEN and instruments, Manufacturing methods and tions for large electrical manufacturer in Eastern 

LARGE MANUFACTURER «, SSTSS. “wBUO SilL.TY SALES ENGINEER, 41. 

nailing and automatic train control appatatus, ELECTRICAL ENGINEER, 24, married, married, Experience: 5 years with elpotrical 

desires 3 technical graduates, who havo lmd fi-om B s . 1924t 2G months Westing- manufacturer, 8 years construction and 8 years 

2 to 4 years* cxporienco with a manufacturing Tesb ' Somo ’ businGsa oxpei .ionce. Not electrical power sales with public utilities, Avail- * 

concorn or with a dovolopmont laboratory In the f . 16 d , n0tlc0i Location, able one month. 0-3010.' , 

design or development of small olectricat ap- Now Yo rk or Now England. 0-3004. PROFESSOR, ELECTRICAL, ENGINEER- 

paratus suoli as small motors, relays, automatic ASSISTANT EXEOUTIVE-ADMINISTRA- ING. Ton years’ teaching experience covering 
telephone apparatus, and supervisory control ‘ rie(l WoU bal(mccd oxpnrlonco; all the regular and many specialized olectrical 

apparatus. Thorough grounding In mathematics, - '. s C0V(J ^. jndustrIa i surveys, cost courses. Contact with tho Industry has been 

physics, and the fundamentals of electrical engi- J commovelal statistics, advertising and broad and covers doslgti, construction and appllca- 

ncorlng Is required.. Apply by letter. Location, administrative control. Seven years' largo com- tion. Well acquainted with the educational needs 
East. X-3701-O. , servicing subsidiaries and clients. Public of the engineering profession. Change desired 

MEN AVAILABLE utility experience. Prefers administrative or because present position does not oncourage^ror 

ELEOTUIOAL ENGINEER, 82, singlo, do- commercial to strictly technical. Location pre ' ^elEOTRIOAL ENGINEER, 27 single, grad- 
slrcs position with engineering concern or public ^ur years’ nate electrical engineer, live years' experience: 

utility. Six ami a half years'experience in power- ELECTRICAL^ENGtNLLK, s? throe years In general electric traction work, two 

plant and substation design. Speaks foreign experience In yZ in layout of electric locomotives, desires 

East'or Middle Wost° “otS” 11 ' 0 ' Hens"'Woild Uke some research or development permanent connection Employed l" bub ' 

REGENT GRADUATE, B. S. in E, 10. 22. work in Now York or vicinity, Available on ton yP ars electrical 

single, good health, desires position with a Utility *«*£“<*«^ N GINEER, for Ear East, technical sales and sales promotion career. Organizer of * 

Company or Manufacturing Company having SAEES .LiNGXJN . business salesmen, sales policies and incentive plans, 

interests abroad. Location preferred. Eastern H™du*to; Knowledge of consumer, dealer and jobber ro- 

wm , inia^and < cons<kmtIouriy™ 0r (^od references! Ml c“n« po“. 

ss-rrSras 

a.-aa. M snsss.'ss * jzsrzzssffiJsssR 

installation of wator works, powor plants, sowago, good iac “I p^^efcion onoratlon In- construction with public utility or contractor, 

canals; county and city engineers; industrial Public Utility^ Hold^ cons 10 ’ \ n threo . Ten years' experience including design and con- 
surveys; town planning, street and highway spection ant '. ' ,|. uc[ j 0[1 wov ) c , structlon of high tension automatic and manually 

construction. Location, anywhere. Tropical pro- phaso change ovei and other operated substations. Desiros permanent post- 

ferred. 0-3376, * '■ ^ 25 single, ex- tion. Middlewest preferred, A-310I. ^ 

EXEOUTIVE, A. S. M. E„ A. I. E. E„ TEOHNIOAL GRAD ' and GRADUATE ENGINEER. B. 3. in E„ 20 

A, S. O. E„ 48, American, singlo, graduate engi- porlonced on -^ralopnim , doslros pos i tlon years of age, with wide technical training, 2 
neor. last ten years chief enginoor, technical ad visor, repair of instruments a yoars clraf tlpg. and 3 years of law school work, 

lately director, loading American coloration iw A ° 0 ^™“":r TRANSMISSION OR DISTRI- desires position in patent attorney's office or 

manufacturing hardware tools and steel, -0 ASSIST IN married. 1023 grad- where abovo training will bo valuable. Location; 

years' successful experience; executive, production nl ™ON ENQIOT-ER, ® n{hs in or about Phlladolpl.la, Pa. C-228. 

manager, engineor, designer, loading American, uatos Id mo g w maps and ELEOTRIOAL MECHANICAL ENGINEER, 

foreign manufacturing plants, steel works, distribution engi tJ r ®vamptag and 62, married, wido and diversified oxperionco In 
Developed now lines,, procossos; negotiated Ini- records, lists ai ® months Engineering survoy, design, installation and rehabilitation of 

portant contracts.* Widely traveled: six languages, now industrial and power plants coupled with practical 

Location proforred, anywhere, C-1004. D^>*»‘'“gXJtT Loca- knowledge of power plant operations as well as 

ELECTRICAL ENGINEER, 34, married, ten lating, estimating, bu g _ ■ olectrical and mechanical construction. Now 

years' experience, engineering tests, utility olcctri- tion preferred, Ea • mwwaTnAi 'TO- York preferred. B-8327. 

ciaif and metor export, Higli School and College MECHANICAL AND ELEO . . FOTRIOAL ENGINEER, 30, marriod, 

teacher electricity. Asst. Engineer B,beau of GiNEER Oornoli graduateCoUunWaongfneorlngdegree, four years' ex- 
Standards. Writing Ability. Salary, moderate.^ includlngtocloncyperlonco; 1 year telephone testing, designing. 
Location, anywhoro. B-8103. # paper mill along steam «nd V' u 3 yoarg rosoarch> supervision measuring instm- 

ELECTRICAL ENGINEER. Eighteen years’ lines; ” n g^ eer fol . uUlity. Lents largo public utility including Mgh PotonW 

Wvwon dcctHca. h«U.U, testing and refrigeration, desires ,conn^lo». 
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Industrial or public utility for research of original 
nature or engineering work leading to management. 
Location, Now York City or vicinity. B-8977. 

ASSISTANT EXEQUTIVE, 30, married, 
degrees IS, E. and B. S. Eight years’ diversified 
experience covering planning, administrative 
Control, estimating, special studios, designing and 
cons miction. Seven y oars' experience in trans¬ 
mission mul distribution. One year manufactur¬ 
ing experience. Four years in supervisory 
capacity. Deslrfe position requiring exccutlvo 
* ability. Location, Now York. B-7315. 


TECHNICAL‘GRADUATE, 23, with four 
years’ operating experience in generating and sub¬ 
station work, wishes position* which will glvo 
experience iu hydroelectric construction and 
development field or Industrial applications of 
electrical machinery. Location, Now York Stato. 
Available, two weeks, C-3909. 

LICENSED PROFESSIONAL ENGINEER, 
MANAGER, SUPERINTENDENT, 40, mar¬ 
ried. Graduato electrical engineer and Mas¬ 
ter of Sclenco in engineering, journeyman, 
machinist and electrician; broad and varied 


electrical and mechanical experience; 
management, production, design, construction- 
operation; powor-plants, substations, transmission 
and distribution system, special machinery, tools, 
otc, B-8170, 

ELECTRICAL ENGINEER, 30, married, of 
high reputation, oxporlonced in design and cost 
calculation of oloctrlc lighting and industrial 
installations, dosiros connection with organization 
of consulting onginoor or architects. Available 
January 1, 1928, Location, Now York City. 
B-8009. 
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•ASSOCIATES ELECTED DECEMBER 3, 1937 
ALBERT, CHARLES, Cable Inspection, Elec¬ 
trical Testing Laboratories, 80th St. & East 
End Avo., Now York; for mail, Brooklyn, 
t N. Y. 

• BANKER, JOHN BEREND, Electrician, Groat 
9 Western Power Oo. of California, 1700 
Broadway, Oakland, Oallf. 

BARR, ROWLAND WALLACE, Electrical 

• Engineering. Bucyrus Co., So, Milwaukee, 

* Wis. 

BARTON. CHARLES GAINOR, Foreman, 
Electric Dept., Ramapo Ajax Corp,. Hlllburn, 
N. Y. 

♦BES3$Y, CARLTON EBEN, Electrical 
Re^garch Engineer, Rathen Mfg, Co., 

* Kendall 8q., Cambridge: res., Somerville, 

Mass. ♦ • 

BETZ, PAUL LeROY, Research Assistant, Con- 
* solidated Gas, Electric Light Sc Power Oo. of 
Baltimore, Baltimore, Md. 

BRADLEY. WILLIAM R., Sales Manager, 
Missouri Power Sc Light Co., Excelsior 
Springs, Mo. 

♦BRISCOE. LESTER ERNEST, Draftsman, 
Bucyrus Shovel Co.. So. Milwaukee, Wis. 
BRYAN, DONALD N., Electrician, First Class, 
Oregon Short Line Railroad Co., Pocatello, 
Idaho. 

AUCKLAND. LESLIE GIBSON, Chief Engi¬ 
neer, Herbert dol Cott Ply.. Ltd., 422 Little 
« Collins St.. Melbourne, Victoria, Aust, 
BYRNS, WILLIAM J., C. W, Greene, 1463 

* Ncw Vote', Tor mail, Brooklyn, 

CHRISTEN, ARNOLD A., Draftsman, Engi- 
9 ftoedng Dept., Westinghouse Elec. Sc Mfg, 
Co., Sharon, Pa. 

DEEM, JOHN S. L., Asst. City Engineer, 
Wanganui t City Council, City Ejigineor’s 
Watt 8anui, New Zealand, 

DHTTMER r * ARTHUR WALTER, Electrician, 
Construction Dopt., Commonwealth Edison 
_ Co., 12 W, Adams St. Chicago, III, 
DONOVAN, GEORGE MELVILLE, Electrician, 
Canadian General Electric Oo., Ltd., Toronto, 

. <jnt; res., Winnipeg, Man.. Can, 

Engineer, 

Western Electric Co., Inc., 397 Hudson St 
Now York, N. Y. 

FAWflELU JtiHSl BASIL, Teller, Toronto 
llydro Electric System. Duncan & Nelson 
- Sts.. Toronto. Ont. Can. 

' SLh K 'n 11ARD M> °" Dr «^nmn, 
BuCyrus 00 - So- Mll- 

FRA S!!i; aARVEY DWIGHT. Draftsman, 

p JSs^ D4pfe ’ Buoynia °°- 8 °- m »- 

M " E,40trlcal Engineer, 
1020 Union Bank D1 ^- 
RAYSrOXO G ElecWca , E 

lm ! ' 0Uws Co - G <« City, Inti, 

* . ' ««*b^“^rona Pa 8 ‘ °°- E&St 
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HARKER, DONALD COBBAN, General Engi¬ 
neer, Westinghouse Elec. & Mfg. Co., 703 
Crocker First National Bank Bldg,, Sau 
Francisco, Calif. 

HELFMAN, SAMUEL JOSEPHS, Sponsor 
Engineer, Duquesne Light Co., Duquosno 
Bldg., Pittsburgh, Pa. 

♦HIND, ROLAND FREDRICK, Electrical 
Inspector, Transmission Engg, Dept,, Now 
York Central Railroad, 406 Lexington Avo., 
New York; for mail,''Ossining, N. Y. 

KIRKENDALL, WILLIAM EDGAR, Suryoy 
Clerk, Los Angeles Railway, 717 E, 10th St., 
Los Angeles, Calif. 

KROTJSE, ARTHUR W„ Assistant Store Keeper 
& Shipper, Westinghouse Elec. & Mfg. Oo., 
Sharon, Pa, 

LARSON, FRANK A,, Draftsman, Electrical 
Engineering Dept., Bucyrus Co., So, Mil¬ 
waukee. Wis, 

LYNCH, F. EDWARD, Asst, Engineer, Dept, of 
Distributing Stations, New York Edison Oo„ 
65 Duane St„ Now York, N. Y. 

MADISON, JOUETTE GRAY, Staunton, Va. 

MARTIN. LEROY DICKINSON, Switchboard 
Specialist, General Electric Co., Pierce Bldg., 
St. Louis, Mo. 

McLEAN, GEORGE EDWARD, Mastor 
Mechanic, Power House, Stave Falls, B. O., 
’Can. 

MITCHELL, JOHN ALBERT, Electrical Engi¬ 
neer, 71 Coventry St., Kidderminster; res,, 
Aston, Birmingham, Eng. 

MITCHELL. JOHN E, MOORE, District 
Manager, Jeffrey-Dewitt Insulator Co., 412- 
413 Glenn Bldg,, Atlanta, Ga, t 

MORRISSEY, WILLIAM J„ Foreman, Distri¬ 
buting Station Dept,, Instructor, School for 
Distributing Stationmen, New York Edison 
Co., 44 W. 27th St., New York, N, Y. 

NARUHN, RUDOLF, W. N. Sauer Co., 804 
Orescent St., Pittsburgh, N> S.; for mail, 
East Llborty, Pa. 

NOTT, LORRIN A., District Manager, Sangamo 
Electric Co„ 1001 Howard St., San Francisco 
Calif. 

OLSEN, WALTER, Sales Engineer, American 
Elovator & Machine Corp., 113-115 Cedar 
St., New York; res., Brooklyn, N, Y. 

PIMENTEL, ODILON, Asst. Chief Electrician, 
Ola. Minera San Rafael y Anoxas, Pachuca, 
Hgo„ Mex. 

REITER, FRANK PAUL, 1117 N. Common¬ 
wealth Avo., Los Angelos, Calif, 

RICHARDSON, HENRY MARTYN, Electrical 
Engineer, General Electric Oo„ 1 Rivor Road 
Schenectady, N. Y, 

RIDDLE, ALEXANDER, Inspector, B, O. 

_ Electric Railway Co., Vancouver, B, O.. Can 

RIGGS, LOYD H.. Substation Operator 
Commonwealth Edison Co., 72 W. Adams 
St„ Chicago, HI, 

SAND STROM, EDWARD HERBERT, Engi¬ 
neer, Pa cillc Tel. & Tel, Co., 430 Bush St. 
San Francisco, Calif. 

SMITH, HAROLD SIDNEY, .pacific States 
Electric Oo., 670 1st %mtb, Seattle, Wash. 


«fj 
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♦SNEED, DAN II., Transmission Man, American 
Tol. & Tol, Co., 1113 NasliviUo Trust Bldg., 
Naslivillo, Toim. 

STAINBAOIv, RAYMOND FRANKLIN, Ilolay 
Protective Apparatus Maintenance, Caro¬ 
line Powor & Light Co., Laurlnburg, N. O. 

SOLTURA, JOSE ANTONIO, Assistant Oldof 
Electrical Engineer, Eastern Cuba Sugar 
Corp., Control Moron, Pina, Culm, 

SWANBERG, OSCAR AUGUST, Special 
Worker, Wilson-Mnouion Oo., 383 Concord 
Avo,, Now York, N. Y, 

TEOMMEY, GEORGE IIENRY, Ju„ Inspector, 
Brooklyn Edison Oo., Inc., 800 Pearl St., 
Brooklyn, N. Y. 

THOMAS, HARRY ELLIOT, Junior Engineer, 
Dopt. of Development Sc Research, Victor 
Talking Maclilno Co„ Camden, N. J. 

THOMSON, BRIGHT CAREY, Radio Dopt. 
Manager and Engineer, Regina Photo 
Supply, Ltd., 1024 Rose St., Regina, Sasic., 
Can. 

TOROK, JULIUS JOSEPH,-Engineer, Westing¬ 
house Eloo. & Mfg. Co., East Pitts¬ 
burgh, Pa. 

VANDERSOIIAAF, WILLIAM DAVID, Engi¬ 
neering Assistant, Public Sorvlco Production 
Co., 18 E, Park St., Nowark; for mall, 
Clifton, N. J, 

WEMPLE, HORACE R„ ,Tn„ Estimator, Claude 
Neon Lights, Inc,, 60 E. 42nd St„ Now York, 
N. Y.; res., Elizabeth, N. J, 

WEST, FRANK RAYMOND, Operating Engi¬ 
neer, Manila Electric Oo., Manila, P. I. 

YOGANANDAM, G., Assistant Lcciuror, Dopt, 
of Electrical Technology, Indian Institute or 
Sclonco, Bangaloro, India. 

Total 67 

♦Formerly enrolled students. 

ASSOCIATES IlEELECTED 
DECEMBER 3, 1927 

BALDWIN, BENJAMIN W, t Mnnagor, Trans¬ 
mission Dopt., Pacific Slates Electric Oo., 
570 1st Avo, So., Soattlo, Wash, 

DOUGHTY, HORACE JOHN, Meter Engineer, 
Ferranti Electric, Ltd., 20 Noblo St., Toronto, 
Out., Can, 

FRANKENBERRY, THOMAS HOWARD, 
Transformer Engineer, Wostinghonso Eloo. 
& Mfg, Co,, Sharon, Pa. 

MAOKEOWN, SAMUEL STUART, Asst. Pro¬ 
fessor of Electrical Engineering, California 

xT^™ Sfcltufc00f Tcc hnology r Pasadena, Calif. 

OOK, HERBERT IC., Engineer, Genoral Elec¬ 
tric Oo., Wosft Lynn;Works, West Lynn, 
Mass, • 

PAR kn ER ' •* g * 11 * AOTON, Electrical Engineer, 
Niagara, Loclcpom &'Ontario Powor Oo., 
Jam os to Mil, n. Y. 

T °DA I U>, IGNATIUS, 1030 E. let St„ Brooklyn, 

•TJ, Y . i 

• * 

MEMBERS ELECTED DECEMBER 3, 1837 

ALLEN, ARCHIBALD JOHN, TralBo Engi¬ 
neer, American Tel. Sc Tol. Oo., 106 Broad¬ 
way, New York, N. Y. 
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INSTITUTE AND RELATE?!) ACTIVITIES 
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BIOHE, LEON L. ( Sales Manager, Large Power 
Transformers, General Electric Oo„ Pitts- 
field. Mass. 

OSTLINE, JOHN ELLIS, Special Development 
Engineer, Automatic Telephone Mfg. Oo., 
Milton Road, Edgo Lane, Liverpool; for 
mall, London, Eng. 

SOOT.T, ALEXANDER THEODORE, Electrical 
Engineer, Balfour, Beatty & Oo., Ltd,, 06 
Queen St., London, E. 0.4, Eng. 

WILLIAMS, SELDEN T., Chief Engineer, 
Victor Talking Machine Oo., Oamdon, N. J, 

TRANSFERRED TO GRADE OF FELLOW 
DECEMBER 3, 1027 

JOHNSON, J. ALLEN, Electrical Engineer, 
Niagara Falls Power Oo., Niagara Falls, N, Y. 

MATTHEWS, CLAUDE L., Vice-President & 
Treasuror, W. N. Matthews Oorp«« 3722 
Forest Park Blvd., St. Louis, Mo. 

SLEPIAN, JOSEPH, Research Consulting Engi¬ 
neer, Westlnghouso Elec, & Mfg. Co,, East 
Pittsburgh, Pa. 

STIGANT, STANLEY A., Manager, Trans¬ 
former Dept,, Johnson & Phillips, Ltd., 
London, England. 

, WAGNER, EDWARD A., Acting Manager, 
General Electric Oo„ Pittsfield, Mass. 

TRANSFERRED TO GRADE OF MEMBER 
DECEMBER 3, 1027 


ASH, PHILIP P., Chief Signal Draftsman, 
Louisville & Nashville R. R. Co., Louisville, 
Ky. 

BARMAOK, BORIS J., Asst. Engineer of Speci¬ 
fications, Commonwealth Edison Oo„ Chi¬ 
cago, Ill. 

BEEKMAN*, ROYOE A., Engineer, General 
Electric Co., Schenectady, N, Y. 

BURNHAM, JOSEPH L., Designing Engineer, 
General Electric Co., Schenectady, N, Y. 

OHU, FUI., Electrical Engineer, Chinese Govern¬ 
ment Telephone Administration, Shanghai, 
China, 

DA2A, GABRIEL A., Supervising Engineer and 
Assistant Gonoral Manager, Vlsayan Electric 
Oo.; Assistant General Manager, Vlsayan 
Electrical Supply Co„ Cebu, P. I. 

ENOS, HOWARD A„ Distribution Engineer, 
American Gas & Electric Co., New York, 
N. Y, 

EVANS, THOMAS McK., Section Head, General 
Electric Oo., Fort Wayne, Ind, 

FITTING, RALPH U„ Valuation Engineer, Los 
Angelos Gas & Elec. Oorp., Los Angelos, Oalif, 

FOSTER, JOSEPH T., Purchasing Assistant to 
Vice-President, Public Service Oorp. of N, J., 
Newark, N. J. 

MANSFIELD, PERCY B„ Electrical Engineer 
(Sales), Armor Electric Mfg. Oo„ Jamestown, 
N. Y. 

MARY ATT, ELMER F„ Assistant Engineer, 
Pacific Gas & Elec. Oo M San Francisco, Oalif, 

MCDONALD, JAMES W., Designing Engineer, 
Duquesno Light Co., Pittsburgh, Pa. 

McMANUS, JOHN A., Confidential Assistant to 
Dr. Elihu Thomson and Patent Attorney, 
General Electric Co., West Lynn, Mass. 

MESSNER, ROY L.i Division Transmission 
Engineer, Pacific Tel. & Tel. Co„ Sacra¬ 
mento, Oalif. 

MURRAY, W. A;, Assistant Professor of Elec. 
Engg., Montana State College, Bozeman, 
Mont. 

REID, ROBERT, JSloc'irical Valuation Engineer, 
Great Western Bower 06., San Francisco, 
Oalif. 

SANDS, HOWARD T*„ Executive, Electric Bond 
& Share Co., New York, N. Y, 

SCHILLER, AVERY R., Vice-President in 
charge of Operations, Public Service Co. of 
N. H,, Manchester ,,N. H. 

SISMEY, ERIC D., Station Chief, Powerhouse* 
No, 1, Souther^ Oalif. Edison Oo„ Big 
Creek, Oalif. * 

SMITH, MORRIS B,, panel Salos Englneor, 

. Crouse Hinds «o., Syracuse, N. Y. 


STEIN, I. MELVILLE, Asst. Sales Manager, 
Leeds 5s Northrup Co., Philadelphia, Pa, 

WELCH, ALFRED F., Engineer, Fractional 
H. P. Division, General Electric Go., Fort 
Way no, Ind. 

WILSON, WILLIAM, Head Switchgear Develop¬ 
ment Dopfc., General Electric Oo., Witton, 
Birmingham, England. 

WILTSE, STANLEY B,, Assistant Professor of 
Elec. Engg,, R ensselaer Poly techn l c Institute, 
Troy, N. Y. 

WISE, JOHN S„ Jn., Operating Managor, 
Pennsylvania Power & Light Co,, Allentown, 
Pa, 

WRIGHT, RALPH H„ General Engineer, 
Westinghouse Elec. & Mfg, Oo„ East 
■ Pittsburgh, Pa. 

ASSOCIATES ELECTED DECEMBER lb, 1027 

AGGAEWAL, JANKIDAS, Demonstrator in 
Electrical Engineering, Oollogo of Engineer¬ 
ing, Poona, India. 

ANDREESSEN, RIENK, Draftsman, Canadian 
Crocker Wheeler, Ltd., George St„ St, 
Catharines, Out., Can. 

ATTMORE, WILLIAM BARTRAM, Audi¬ 
torium Engineer, Victor Talking Machine 
Co., 711 Matson Bldg., San Francisco, Oalif. 

BAT KAY, FRANK, Electrical Tester, Galvano¬ 
meter Dept., Now York Telephone Co., 140 
West St., New Yofk; for mail, Brooklyn, 
N. Y. 

BEINDORF, LUOIEN JULES, Electrical Engi¬ 
neer, Western Electric Co., Ino., Hawthorne 
Sta., Chicago, 111. 

BENNETT, JOHN STEPHENS, Asst, Manager, 
Now York Central Electric Oorp,, 12 Broad¬ 
way, Hornoll, N. Y. 

BORDEAU, SANFORD P. f Engineer, Electric 
Machinery Mfg. Go., 14th & Tylor, N, E„ 
Minn cap oils, Minn. 

BRODIE, JOHN EARLE, National Electrical 
Engineering Go,, P. O. Box 121, Christ¬ 
church, N, Z. 

BUCHMANi AMOS RUGBY, Engineer, East 
Ohio Gas Oo„ 1406 E, Sixth 3b., Oloyoland, 
Ohio. 

CJANGEMI, JOHN F., 16 Schaeffer St., Brooklyn, 
N. Y, 


CRAFT, JAMES GEORGE, Electrician, Con¬ 
solidated Mining & Smelting Oo,, Trail; 
res., Needles, Arrow Lakes, B. O., Can. 

DERRIG. JAMES W,, Laboratory Helper, 
Public Servico Gas & Electric Co., Clinton 
^YG. & 21st St,, Irvington; for mail, Newark, 
N.J. 

DOEKEY, FRANK CARL, Inspector, Auto 
Substation, Rochester Gas & ELectric Corp., 
Rochester, N.Y. 

HADJIS, THOMAS W., 'Poll & Transmission 
Engineer, Boll Telephone Oo. of Canada, 
Shepherd Sb., Toronto, Ont., Can, 

ELLERBY, ARTHUR EDWIN, Correspondent, 
Canadian Westlnghousa Oo., Ltd., Metro¬ 
politan Bldg,, Toronto, Ont., Can. 

ENRIGHT, JAMES DAWSON* Asst. Engineer, 
Engineering Dept,, National Electric Light 
Association, 37 W. 39th Sfc„ Now York, N, Y, 

ERDOS, KAROLY P H - Substation Designer, 
Illinois Power & Light Corp., 600 Compton 
Bldg., St. Louis, Mo, 

EVANS, DAVID THOMAS, General Foreman, 
Power Dept., Granby Consolidated Mining, 
Smelting & Power Co,, Anyox, B. O., Oan. 

EWING, R. H„ Sales Englneor, E. A, Lundy Co„ 
2021 Portland Avo., Louisville, 3iy, 

FArRLAMB, WILBUR FIELD, Div. Supt., 
Virginia Electric 5c Power Oo„ Suffolk, Va. 

FARR, JAY EDMONDSON, Squad Leader, 
SargeJit & Lundy, 1412 Edison Bldg,, 
Chicago, 111, 

GARDINER, CHARLES EDWARD, Jn., Sys¬ 
tem Operator, Adirondack Power & Light 
Corp., Schenectady, N. Y. 


GERELU GOBDON WILLIAM. Assl. So,il»i 
Substation Englnoar. IFnton Klcntrls Light & 
Power Co., St, Louia; for mail, Richmond 
Heights, St. Louis, Mo. 

GORDON, KENNETH HIOKOK. Asst. Voto- 
man, Ofllco of Electrical Englneor, Ponnsyl- 
vanla Railroad, Altoona, Pa. 

GRAHAM, DAVID, Graduate Student, Mass^ , 
Institute of Technology, Cambric!go, Mass. 
GRAYDON. JACK MARTIN, Manager, W. 
Watson & Sons, Ltd., 56 Qhuznco St,. % 
Welling Lon, N. S.; for nidi, Sydney, AuhL 
GREENAWALT, J. F.. Publicity Managorv 
Mountain States Tel. Sc Tel. Oo., 800 MtU 
St., Don vor, Colo. • ^ 

GREENWALD, JOSEF MARTIN, ^22 W. 84tJu 
3t., Now York, N. Y. 

GUENTHER, WILLIAM FRANK, Electrical 
Engineer, Hamilton Hydro-El cotrlo System, 

12 King St., E., Hamilton, Ont., Can. '* 

HANFORD, DAYTON R., Electrical Insinua¬ 
tion, II as ti n gs- on-Hudson, N, Y, ’ ’ 
HARRIS, EDWARD IIARLOW, Asst, Etfglnoor, 
Gonoral Electric Co., River Works, Bldg. 04, 
West Lynn; for mail, East Lynn, Mass. « 

HARRISON, WALLAOE, Maryvlllo, Tonn. 
HARVEY. GEORGE MELVIN, Engincorln* 
Assistant, 13oil Tolophono Co. or Pa., 410 
7th Avo., Pittsburgh, Pa. 

♦HINCKLEY, ALFRED DEXTER, Instructor 
In Mechanical & Electrical Engineering, 
Santa Clara University, Oollogo of Engineer¬ 
ing, Santa Olara; for mall, San Joso, CallL 
HIROHASIII, TAKESHI, Eloctrical Englneor, 
Toho Electric Power Co.; IiUoraallonal 
General Electric Co., Soliouectady, * 

HOLLOWAY, GILBERT^ O., Electrical Design¬ 
ing Engineer, Electric Bond & Sharo Oo.. 

2 Rector Sb., Now York, N. Y.{ for mfi.il, 
Passaic, N. J, 

JONES, LLEWELLYN E„ Electrical Designer, 
Pliiladolphia Electric Oo., 10th & Ohostnub 
Sta., Philadelphia; for mall. Ridloy Park,. 
Pa. 

KEN WORTHY, OSWALD EDY, Field Engi¬ 
neer, Electrical Dopt„ Loldgh Valloy Goal 
Co., Wllkos-Bnrro; for mall, Kingston, Pa, 
KHAN, ZAINUDDIN AHMAD, Electrical 
Engineer, Punjab Hydro-ELcctrJo Scliomo, 
The Fort, Lahore, India. 

KIMBARK, EDWARD W„ Instructor in Eico 
trical Engineering, University of California/ 
Mechanics Blclg,, Borkoloy, Calif. 

KRAMER, LEOPOLD, 21 Morion Place, 
Jersey City, N. J, 

LANE, ARTHUR HOWARD, Technical Em¬ 
ployee, Long Lines Dept., American 
& Tol. Oo., 125 Milk St.. Boston; for mail, 
Wollaston, Mass, 

LANE, RICHARD A., Asst. Inspector, Station 
Electrical Construction Dopt., Philadelphia 
Electric Oo., 1000 Oliosbmtfc 3t., Pliiladolphia, 
Pa. 




LAWN, GORDON WALTER, Foromaft Electri¬ 
cian, Granby Consolidated Mining, 8 mol ting 
& Power Co,, Anyox, B, O.; Oan. 

LEAHY, JAMES F., Chief Electrician, Northwest 
Steel Rolling Mills, 4310 0th Avo.,^. W.» 
Seattle, Wash. 

LEES, HAROLD S., Prc&iOonfc & Manager, 
Whoaton Electric Light Oo M Wheaton, Minn. 

MASELTER, JOHN EDWARD, ■ Suporlntorr* 
dent, Gonoral Electric Co., Servico Shop, 
1009 Sprnco St., St. LouIh, Mo. 

McOARTY, ORIN PHILIP, Student Englneor, 
Gonoral Electric Oo., Lynn; fdr wall, Wont 
Lynn, Mass, 

*McORAaKEN, HENRY j., Jn„ Junior BIco- 
trical Englneor, Dopt. of Water 5c Power, 
City of Los Angelos, 207 S. Broadway, Lou 
Angeles, Calif, 

MILLER, FRANK D., Inspector, WoHtinghouiio 
Electric & Mfg. Co., Sharon, Pa. 

MORELAND, EDWIN STEPHEN SON, Brook- 
Jyn Edison Co., Brooklyn, N. Y. 


! 
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of Electrical Apparatus, Brookline, -Mass, 
DAVID, EDWARD I., Consulting Engineor, 
Y Ooedcfto, Abordaro, S. Walos, Gt. Britain. 
DAWES, LYMAN B,, Instructor Ip Electrical 
Engineering, Massachusetts Institute of 
Technology, Cambridge, Mass, 

DIBNER, BERNARD, Electrical __ 
Burndy, Engg. Co., Now York, N. Y, 


Engineer, 


Foreman, So. California Edison Co., Big Engineer, Engineering Dept., Westingliouso 
Creek, Calif. Elec. & Mfg. Co., Sharon, Pa. 

NOWLAND, ROGER LOVETT, Engineering WILCOOK, WATKIN, Draftsman, English 
Assistant, Boll Telophono Oo, of Pa., 416 Electric Co. of Canada, Lid., St. Catharines, 

7th Avo., Pittsburg,!!, Pa. Onfc. t Can. 

PANDER, HENRY LOUIS, Testing Engineer, WILLIAMS, STANLEY AUSTEN, Electric 
WUli&msburgh Power Plant Corp., 200 Heating Engineer, Leo P. Hynes, 30 Church 
1 Kent Avo., Brooklyn, N. Y. St., New York, N. Y,; for mail, Elizabeth, 

PARK, ROBERT HIRAM, General Engineering N. J. t uurnuy, nrngg. uo„ jnow York, N. Y, 

Dopt., Ganoral Electric Co.. Schenectady; WILLIAMSON, GEORGE, Jn., Electrical Fore* FERGUSON, GEORGE F., Managor, Electrical 

for mail, Scotia, N. Y. man, General Electric Co. Service Shop, ^--- ~ - - 

PIAZZA, FRANK DELLA, Commercial Engl- 318 Urban St. r Buffalo, N, Y. 

ncer. Monongaflela West Porrn Public Service WILLNER, HARRY OARL, Electrolysis Engl- 
Co.. Falnnount, West Va. ncor, Twin City Rapid Transit Co., 1 So. 

PONIATOFF, ALEXANDER M„ Designer, 11th St., Minneapolis, Minn.; for mail, Mt. 

f Switchboard Engineering Dept., General Vernon, N, Y. 

Electric Co., Bldg, 23, Bay 301, Schenectady, WOODMAN, GILBERT R„ Electrician, First 
N. Y. Glass, Southern California Edison Go., 

POTTBR, MANLEY O., Railway Control Eugi- P. O. Box, 383 Big Creek, Oallf. 

neor, Westinghotise Elec. & Mfg. Co., East Total 88. 

< Pittsburgh; for mail, WJlkinsburg, Pa. ^Formerly Enrolled Students. 

RHOADES, CHESTER M., Electrical Engineer, 

. Construction Engineering Dept-., General FELLOW REINSTATED 

Electric Co., Scheucctady, N. Y. DECEMBER 16, 1927 

RILL STONE, CHARLES ERNEST, Foreman FRANKLIN, MILTON W., President & General 
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Electrician, Transformer Dept., Southland 
Electric Power Board, Dee St„ Invercargill; 
ros., Barwheys, Invercargill, N, Z, 
BOTHAOKER, CHRIST J„ Electrician, Gon- 
enU Electric Co., 1009 Spruce Sfc„ St. 
Lotfs, Mo. 

SAOKA^N, GILBERT ROY, Instructor, Stuy- 
* vosont High School, 345 E. 15th St., New 
York. N. Y, • * 

SAgflTETTER, PAUL EDWARD, Electrical 
Foreman, Youngstown Sheet & Tube Co., 
Indiana Harbor, Ind.; for mail, Chicago, Ill, 


Manager, M. W. Franklin, Ltd., 
Berotania St„ Honolulu, T, H. 


ASSOCIATES REELECTED 
DECEMBER 16, 1927 

PAGE, KENDALL LESLIE, Power Engineer, 


Department, Arthur D. Rlloy & Go, Lt<L, 
Auckland, N. Z. 

FREEMAN, FREDERICK S., Supfc. or Power, 
Boston Elevated Railway Go., Boston, Mass. 
HARDING, ARTHUR L,, Assistant Electrical 
Engineer, Electric Bond & Share Go., Now 
York, N. Y, 

KINDY, WARD B. t Assistant Professor of Elec-* 
trical Engineering, Stanford Univorsity, Oftllf. 
KURTZ, WILLIAM O., Ohlof Engiuoor, Illinois 
Boll Tolopliono Go., Chicago, III. 

LAMSON, HORATIO W., Engineer, General 
Radio Go., Cambridge, Mass. 

MANSON, D. EDGAR, Vico President, Ohwloa 
H. Tennoy Sc Go., Boston, Mass. 

800 S. MINER, DOUGLAS F., Section Engineer, 
Wostlnghouso E. Sc M. Go., East Pittsburgh, 
Pa. 

PASSBURG, VOLMER II. II„ Elootrical Engi¬ 
neer, U. S. Engineor Oillco, Wilson Dam, 



• ———— > , Floronco, Ala. 

Luzome County Gas & Electric Co., Kings- PAYTON, MAURICE ,T„ Mfg. Engg. and 

B JORcWan r T n rnnS?, ElE !"“' ls ' Mass - Dosl e n ° r Induction Relays, Gonoral Rico trio 

BJORGERD, THEODORE, Electrical Engineer, Go., Fort Wnyno, Indiana 

5?? A S ™ d ™ . Po ™’ Sy(lsvcnska MBOIS, NIKOLA O., Sup*. of Elec. Dl«trlbu- 

luaft. A. B., Malmo, Sweden. tiou, Oily or Norwich Gas & Elec. Dopt., 

Norwich, Ootui. 


; il 
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BANDAHL, EUGENE L., Meter Dopt., Power & MEMBERS ELECTED DECEMBER 16 1927 ri Ar^rr^r^ 0 ^, 

Light Dopt., City of Austin, Austin. Texas. ATT GTTSTTwri q ™ RATH, JOHN O., Engineor, W, B. Vogollmok, 


Consulting Engineor, Olileago, III. 

RIOH, A. RALPH, Senior Inspector of Hull 
Material, U. S. Navy, Schoneotady, N,. Y. 
RICHARDSON, MAX 0„ Transmission 
Specialist, Paciflo Statos Elea. Go., San 
Francisco, Calif. 

SARGENT, GUSTAVUS F,, Elootrical Doslgnoiy 
Stono Sc Wobstor, Boston, Moss. * 

SOHERMERHORN, JOHN L„ Ohlof Engineer, 
American Transformer Go., Nownrk, N. J + 




■ iHMMun of., AV,, iyrgaio, unc., uon, - -- ilo „ .1 d t .iv , JIN . X , vaiu’ 

SNO>Y, CHARLES EDWARD, Instructor, STEARN, FRANKLIN A„ Tolopliono Engineer „„ 01ovcland ' 1 

rlcal Engineering Dept., Mass. Instltiitn Boll ..Telephone Laboratories, 403 Wost St' °t*AFER, W. L,, 

New York, N. Y, *' 


Roll 


Light Dopt., City of Austin, Austin, Texas. AUGUSTINUS p a ttt e m 

PRASE. » S.„ SC o”: 

“»” I,) T. PRANK RCDOLPE, Junta F.„i- 01MT)li^RSitIOK HTOIRT Dl., 

«aavsssisr* saKwasaaesS 

SMITH, JAMES W„ Asst. Supervisor. Inspec- Y ' : ^ maJ1, BMgowood ' N - J ' American Transformer 6o„ Nownrk, N. J, 

tkra Dept., Toronto nydrcnElectric System, EU ™ ES * EDWARD RICHARD, Oonsultiug s °HNEEBERGEU t GROVER B„ Eloo, Engg. 
12 Adelaida St., B„ Toronto, Ont., Oan, Engineer, 65 John St„ New York, N. Y, Dopt., Olovoland Electric Illuminating 1 Go 

Olevoland, Oliio, 

LFER, w. L,, Electrical Engineor, 

ATT J™ Ph0U0 ° 0, of pa - Pittsburgh, Pa. 

Vn . „ , rr/uuvri, CHARLES EMMET, Electrical H. r Assiataut Supt-, 

^nwr. Clark Thread Oo., 260 Ofglon St., Engineer. E. L. PhiUips & Oo gO OhmSl ro r™ f ,lMa Elcotl ' I “ Otf.. Philadelphia, Pa. 
tm ■■ : St., New York, N. Y. Mombor of Firm, Mncombor * 

;ir : ' ' . . v E>ITL, Transformer Engineer, WARNFR TTAn^vnomu ^ . West, Boston, Maas, 

fe” ; W«rtto*Wm» Nee. & MIg. Oo.. Sharon, Pa. ^ tri^EnUn^A OS ° ABl p ' ofeas ° 1, of ®ee- WEST, JOHN WINFRBB, ProduoUon 

te, •—,,:fmuaiO, JAMBS ALEXANDER. ^ ^'E^Berlng. University „ 0 f Detroit, Chmeral Bketrl. n«.. ’ 

WwuoElcotHdan, So, California Edison Co , Dotrolt ' Ml0h> 

Electrical Foreman. The'SrtorT“« F<>R TRANSFER 
Granby Gonsohdated Mining, Smelting & of Examiners, at its meeting hold 

Power Oo., Mine P. O., Anyox, B. O Oo^i Deco » lber 14 » 1927, recommended the following 
TALSMA, CLARENCE, Electricnl WnJrtL,. members for transfer to the grade of membershin 
-••••r: 0«a«nU Electric Co., 

•. Omaha, Noh. 

JANHAUSER, JOHN A„ John H. Busby Oo 
Detroit, MkA y U0,1 


' : V\- 


’ - --tuBuiuuiui’, 

• Electrical Engineering Dopt., Mass. Institute 
ioT Technology, Oarabridgo, Mass. 

SPICER, WALTER EATON, Asst, to Chief WALTON, 


it- 


~ ’ it A'ruuuonon Mima 

ll , rrT < f,f nol ' al Electric Oo„ Wost Lynn, Mass. 
WHITNEY, RUSSELL L„ Sal 08 Englnoor, 
,,,, T W^tlnghonso E. & M. Oo„ Philadelphia, Pa. 
WILLIS, OLODIUS H„ Assistant Prof, of Eloo. 
Engg., PrincatouUniversity, Princeton, N. J. 

APPLICATION for election 

010 Eleotric Bldg.,' shouia^hn d ^ coUon to these transfers Applications have boon reeolvod by tho Soo- 

sSary ° nC ° With tl18 Natlonal ^ following candidates L o?oo U “ n 

- -- Secretary. 1°, ““^ 6 T P in t»o Institute.' Unless other- 

wise indicated, tho applicant has applied for ad- 


•SlippIS! 

. l&M :*I 

■ ‘ . 'M' t 


/-Slid 


To Grode of Fellow 


• fii^l». ; ragDBRt 0 g wi LUAM . Blctrid ^SON. RALPH W.. Ohlof ***** £ 

Gwicrjl. Electric Oo« y Pitlsilold EDRinoor* StAndA.pH TTnrinrmtn^^pj ^ fl<DT}liGcI fnp fTimni* n a_ « ■ . 


Kagtoeer, 

w , . r W 

I : “ « «• 

TAR N Y A } ' 60 Aw-. New York, 


a**.=^ man, r" 8 Frenoh and AUc 

»H- f ' ' « . • Pa. 


^icLwiuiu_„ , . ——wtivj uiiiinuivut iinua 

Engineer, Standard Underground Cable Oo„ f. I p cd for dl,- eet admission to a lilghor Erndo 
Perth Amboy, N. J. than Associate, tho grado follows ImmortlniAiw 

GRAY', ROY WILLIAM, Telephone and Tele- a . Cter tlle fame. Any member'objecting to tho 
graph Engineer (Staff), Interstate Oommerco “l 600 ™ of any of these candidates should so 

Commission, Washington, D. O, “ fo ™ the Secretary boforo January 31, IMS. 

Ackerly, D, a„ Union Switch & Signal Oo., 

,'Wm. Ainsworth & Song, Ino., 

Electrical Engineer, ^ ‘ Br00 l dyn ® dis on Go., Brooklyn, 

do., Biwt Pittsburgh, o... 



: >. •! ' ; ill 






• • 



■. ■ ■:■■■■•■■ ■ . 
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Allen, L. E., South western Boll Tolophono Co., 
Dallas, Texas 

Althouse, E. E., Duqiiosno Light Co.. Pittsburgh, 
Pa. 

Antipovjtcli, B. M„ Westinghouso Elec. & Mfg. 
Co., Sharon, Pa. 

Archbold, E, J M Dixie Construction Co., Bitming- 
liam, Ala. 

Askew, M.,'‘Southern Boll Tel. & Tol. Oo., Louis¬ 
ville, Ky. 

Aulfc, G. W„ Louisville & Nashville Railroad Co., 
Louisville, Ky. 

Bailey, P. W., Puget Sound Power & Light Co., 
Seattle, Wash. 

Banks, M. F., Pomi-Ohio Power & Light Co., 
Youngstown, Ohio 

Barrett, S. R., B. R, Gale Co., Boston, Mass. 

Barshowskt, F, A., 811 Walker St., Dickson, Pa. 

Bauschraan, R, T., Pennsylvania Power & Light 
Co., Allentown, Pa. 

Bonington, W. F., (Member), Stone & Webster, 
Inc., Boston, Mass. 

Bonner, P. E.. General Electric Co., Schenectady, 
N, Y. 

Blokley, G, E„ Northwestern Boll Telephone Co., 
Omaha, Nebr, 

Bissot, J., New York & Queens Elec. Lt. & Pr. 
Co, .Flushing, N. Y. 

Bios sing ton, G. L., Now Jersey Bell Tol. Co., 
NowarkiN, J. 

Bollinger, P., Wosliughouso Elec. & Mfg. Oo„ 

. East Pittsburgh, Pa. 

Booth, G. H., with Mr. Turner, 2102 7tli Ave., 
Now York, N, Y. 

Bowor, M. J„ Syracuse Lighting Co., Syracuso, 
N. Y, 

Bowyor, W, B,, Hydro-Elec. Pr. Comm, of 
Ontario, Niagara Falls, Ont., Can. 

Bragg, It. E., Boll Tolopliono Laboratories, Inc., 
New York, N. Y. 

Biainard, M. W„ Westinghouso Elcc. & Mfg. Co„ 
East Pittsburgh, Pa. 

Brack, R. S., Public Service Oorp. of Now Jersey, 
Irvingtou, N. J. 

Breoso, L. W„ Iowa Southern Utilities Oo„ 
Oontorvlllo, Iowa 

Brlgmau, B. M„ (Mombor), University of Louis¬ 
ville, Louisville, Ky. 

Brock, A. ‘E„ Byllesby Engg. & Management 
Oorp., Chicago, Ill/ 

Brooks, R, R., Wostlnghouso Elcc. & Mfg. Co,, 
East Pittsburgh, Pa. 

Bruch, R. R., Common wealth Edison Co„ 
Chicago, 111. 

Brunnor, H. 0., Westinghouso Elec. & Mfg. Co,, 
East Pittsburgh, Pa. 

Bulon, A, A,, Woslinghouso Elcc. & Mfg. Co., 
Seattle, Wash. ■ 

Bylor, A. E., with Arthur F. Buss, Los Angeles, 
Calif. 

Oan/.i, F, A,, (Mombor), 85 Glon Avo., Olovoland, 
Ohio 

Carpenter, E. M„ Now England Tel, & Tel. Co., 
Providence, R, I. 

Case, M, D„ Southern California Edison Co., 
Alhambra, Calif. 

Chase, M„ Puget Sound Power & Light Co., 
Seattlo, Wash. 

Oliow, G. C„ New York University, New York, 
N.Y. 

Churchman, C, E.*, Patont Engineer, Washington, 
D. O. 

Clancy, W. J., Puget Sound Power & Light Co,, 
Seattle, Wasli. # % 

Olasgons, A. E,, ^Rodioster Gas & Electric Go., 
Rochester, N.Y. 

Coe, O. F., Northern‘States Power Co., Minne¬ 
apolis, Minn, ♦ 

Converse, J, LPuget Sound Power & Light Go,, 
• Seattle, Wash. • .■ 

Cook, P. T„ G on era! I^lcctrio Co., Denver, Colo. 

Cordes, E. G., Consolidated Gas, Electric LighJ 

& Power Co., Baltimore, Md, . 

Oordes, O. O., Westinghovrse Elec, & Mfg. Co.,, 
East Pittsburgh, Pa, 

, Cotton, K. A., Pennsylvania Power & Light Co., 
New Castle, Pa, 


Craft, A. L. f Ponn-Olito Power & Light Co., 

*Youngstown, Ohio 

Craven, O. L., Boll Tolopliono Co. of Pa., Piiila- 
dolphia, Pa. 

Crawford, D. A., Slono & Webster, Boston, Mass. 

Groll, R. H., Worthington Pump & Machinery 
Co,, Elmwood Place, Hamilton Oo*, Ohio 

Grossman, A, H,„ Pacific. Electric Mfg, Co., 
San Francisco, Calif. 

Oiiminlng, H. B., Now Jorsoy Boll Telephone Co,, 
Hackensack, N, J. 

OunlifTo,.P, R,, Wesfchighouse Lamp Oo„ Bloom- 
flctd, N, J, 

Curtis, O. E., Alan T. OooIcq & Go., Houston, 
Texas 

Dammapn, G. E„ Hyatt Electric Odrp., Evanston, 

Ill. 

Danstedt, R. T., National Carbon Co., Olovoland, 
Ohio 

Do Roo. H. D., Genera! Electric Co., Schenectady, 
N.Y. 

do Villiors, I., Westinghouso Elcc. & Mfg. Oo., 
East Pittsburgh, Pa. 

Dlnsmore, D. G., Southern California Edison Go., 
Alhambra, Calif. 

Dixon, F. O.. Hudson Coal Oo„ Scranton, Pa, 

Dixon, U. II., Mass. Institute of Technology, 
Cambridge, Mass. 

Doelp, O. L.„ Ohio Bell Telephone Co., Youngs¬ 
town. Ohio * 

Donald, J. It., Mass. Institute of Technology, 
Cambridge. Mass. 

Dorfco, P. II., Goodorham & Worts, Ltd., Toronto, 
Ont., Can. 

Doub, D. V., Oallfomla-Orogon Power Co., 
Prospect, Oro. 

Downes, T. 33,, Puget Sound Power & Light Co., 
Seattle, Wash. 

Droior, T., General Electric Oo, f Schenectady, 
N.Y. 

Drobcclc, J. Great Lakes Boat Building Oorp., 
Chicago, Ill. 

Dunham, R. W„ Consumers Power Co., Owosso, 
Mich, 

Dunham, W. II., United Elec. Lt. & Pr, Co., 
New York, N.Y. 

Dutton, O. El,, American Tol. & Tel. Co., Chicago, 
Ill. , 

Eckcr, A. ,T., Washington Water Power Co., 
Spokano, Wash. 

Eckert, R. O., Northern Ohio Power & Light Co„ 
Akron, Ohio 

Edwards, M, W.. Light Dept., City of Pasadena, 
Pasadona, Calif, 

Edwards, W. G.. Jr., Gonoml Electric Co., 
Schenectady, N.Y. * 

Emlon, A. A., AnioricanTransformer Oo., Newark, 
N. J. 

Enoch son, A. R. s Polyclinic Hospital, Now York, 
N.Y, . 

Epstein, M. 33., *witli Mark O. Steinberg & Co., 
St. Louis, Mo, 

Evans, H. W., Gotioral Electric Go., Pittsfield, 
Mass, 

Evans, J. W., Crosloy Radio Oorp., Cincinnati, 
Ohio 

For don, A. 0,, Electric Storage Battery Go., 
Now York, N. Y. 

Fielder, F. D,, Worcester Polytechnic Institute, 
Wor cost or, Mass. 1 

Fione, M. ,E., University of Minnesota, Minne¬ 
apolis, Minn. 

Finnic, H. V.. (Member), Ampero Electric, Ltd., 
St, Catharines, Ont., Can. 

Fligg, J. A„ John Zimmerman &c Sons, Philadel¬ 
phia, Pa. 

FolmoiyH. M., 12-14 W. Middle St./Hanover, Pa. 

Foster, E. L„ Ohio Stato University, Columbus, 
Ohio 

Fox, J., Allis-Chaim era Mfg. Co., Milwaukee, Wis. 

Freudenb#rgor, P. D„ Buffalo General Electric 
iOo„ Buffalo, N.Y. 

Fukefca. T,, Westiughouso Elea. & Mrg. Co., 
Eas t Pittsburgh, Pa. 

Funise, M,, Westinghouso Elcc, International 
Go,, Now York, N.Y. 


Galndor, M. E,, Westinghouso Eldc. & Mfg. Oo., 
East Pittsburgh, Pa. 

Gamel, G. D,, Wostinglieiiso Elec. & Mfg- °°*i 
East Pittsburgh, Pa. 

Garbrick, J. II., Pennsylvania Power Co., Green¬ 
ville, Pa. 

Gardner, J. A., Pennsylvania Power Co., Sharon, 

Pa. . 

Gaston, J. R., Westinghouso Elcc. & Mfg. Go., 
Sharon, Pa. 

Geiger, J. M., Buffalo General Electric Oo., 
Buffalo. N.Y. 

Getty, P, V. R„ Hablrshaw Cable & Wire Oorp., 
Yonkers, N.Y. . „ 

Gibbons, J. E., Atlantic Refinings Oo., Phila¬ 
delphia, Pa. a 

Gillespie, J. F., (Member), Carnegie Steel Works, 
Youngstown, Ohio * 

Golden, H. L., Pennsylvania Power Co., Now n 
Castle, Pa. 

Got tier, T. Jj„ General Electric Co., Schenectady, 
N.Y, * 

Gottslialk, L. G„ Counties Gas & Electric Oo,. 

Norristown, Pa. a 

Graham, R. N., Penn-Olilo Electric Co„ Youngs¬ 
town, OMo 

Gray, J. L., Louisville Gas «fc Electric Oo., Louis¬ 
ville, ICy. 

Green, T. D., Hablrshaw Cable & Wire Co,. * 
Yonkers, N.Y, 

Gustafson, G. A„ Goimn on wealth Edison Go., 
Chicago, Ill, 

Hamill, S. M„ ,Tf„ Union Gas & Electric Go.. 

Cincinnati, Ohio * 

Hamilton, J. II., California Institute Tech¬ 
nology, Pasadena, Calif, * 

Hammond, J. A., Nalidhai Garb on Co., Inc., 
Olevoland, Ohio 

Hancliofct, R. J., Los Angeles Electric Works, 

> Los Angles, Oallf. 

Hansen, E M Iowa Electric Oo., Cedar Rapkla, 
Iowa 

Hanson, J. W., Columbia Engineering & Mnnngo- 
mont Coup., Cincinnati, Ohio 
11 audio, L. C., 065-32nd St., D qs Moims, lo\m 
Harkov, R. M„ Ponn-Ohio Power & Light Oo„ 
Youngstown, Ohio 

Harris, W. O., General Electric Oo., River Works. 
Lynn, Mass.* 

Hart, G. E. ( Public Servlco Co. of No. Illinois, 
Chicago, Ill. * 

Hartman. E. D„ Liberty High School, Bethlehem, 
Pa, ' „ , 

Heckor, Alvin, Jr., Aniorican Tel. & Tol. Co,, 
Kansas Oity, Mo. 

lloidohrolcli, G. E. t (Member), Columbia Engg. 

& Mgt. Oorp., Cincinnati, Ohio 
Ilolmbach, IT. W.. Boll Telephone Laboratories, 
Inc. 4 Now York, N. Y. 

Ilomion, J. R., Jr., Weston Electrical InsU-umonb 
Oorp., Newark, N. J. ^ 

Henry, D. E„ Wostlnghouso Lamp Oo., Bloom- 
lleUL N. J. 

Hill, O. W., Peim-Oliio Power & Light Co., 
Youngstown, Ohio 

Hill, R. W., Westinghouse Elco. & Mfg. Co., 
Sharon, Pa. ^ 

Iloadloy, H. A., Jr.. Wostlnghouso Elcc. & Mfg. 
Oo„ East Pittsburgh. Pa. 

I-Ioehgraf, L. B„ Rensselaer Polytechnic Instltuto, 
Troy, N. Y. 

Iloddy, G, W./Day-Fan Electric Co., Dayton,^ 
Ohio 

Holbrook, Y. 0„ Southern Boll Tol. & Tei. Co., 
Lorilsville, Ky, 

Holman, E. W„ Washington University, St, Louis, 
Mo. , 

Iloopor, N. A., Pomi-Ohio Power & Light Do;, 
Youngstown, Ohio 

Tloovcr, O. II., Ohio Bell Telephone Co„ Tolcjdo, 
Ohio 

Hough, II. O., Philadelphia Electric Oo., Phila¬ 
delphia, Pa, 

Houghton, M. G., Commonwealth Power Corp^., 
Jackson., Mich, 

Houlihan, R. P.. Westinghouso Eloc. & Mfg. Oo., 
Spring ftold, Moss. * 
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INSTITUTE AND RELATED ACTIVITIES 


Journal A. I. E, E, 1 


iUUB-Ohalmers Mfg. 0o„ Mil- McShane, P., Westlnghouse Elec, & Mfg. Oo., 
w a uKet, \Vw. East Pittsburgh, Pa. . •*. 

Runter^J. M„ Genera! Electric Co., Schenectady, Melton, G. H. t Southern Belt Tel. & Tel Oo 
w r ^ Louisville,Ky, “ 

Hunter, 3VHL, Pennsylvania Power & Light Oo., Menard, R. R„ P on n-Ohl„ Power & Light Oo„ 
Jiazelton.Pa. . . Youngstown, Ohio 

UuutslDgor, F. J„ Federal Radio Oorp., Buffalo, Metz, N„ Phoenix Utility Co.. Miami, Fla. 

Hnth r, ir ,i,, _ , ,,, Meyorand, R. G., Savannah Electric & Power Co,, 

uutd, (J, H„ Penn-Ohio Power & Light Oo., . Savannah, Ga. ' 

• Hutlov U p 8 L°"p«n n U1C> i , r, ' Middleton, E. B.. Philadelphia Electric Oo., 

JxuGioy, P, L.„ Pennsylvania Power Co., Sharon, Phlladelpliia, Pa. 

Intnmnn w w ™ MiUen, J., Electrical Engineer, Malden, Mass. 

To .’ir^n K J . E1CCtrlC & 053 M,,1 Yotm E8 fown P Oh,‘ 0bl ° *"» & Lf8ht °°" 
Ja00 ShaTOn S Pa W « tlne,10USO EIC °' & Mte- C ° M M1U * ^ W " J ■ V- Mills Electric Oo„ Scranton, 

J ° n ^Butolo, n’. ^ Uf,al ° Bonoral Eleetri0 Montgc^y.A.P.. A. H. Greve & Oo., Richmond 

• ^OommonweaitU Power Oorp., Monfgolk^ J. E., Penn-Ohio Power & Light 

Ken B^hmond,Va 1Sillla ElMtri0 * P °"' 0 '' °° - ’ “ oses 'PonnsyTnlaPoworOo..Sharon,Pa. 
Koieo, R. E„ ICelso Electric Co., Arvada, Oolo. “tody^Vd" Gen °'’ al E1<!Ctl ' iC °°" Sohonec - 

• Kirk ham', *£*TTo “k O^ntT'l&££ ^ P °™ °°' > S6 ' Pau1 ' 

lUrkmau Y w! C '^; Pnolflc Power & Light Co., “T ®" Unl0n ^h*" 0 C ° - ’ **"*' 

Tfniioftii r? tt i r Seattlo, wash. • 

Ywk.N. Y Laboratories, New Nelson, M. H„ Wagner Electric Oorp.. St. Louis, 

KOV aL.w, s 8 :’ A,l,S '° halmera Mfg - C0 " Wost Noo^..^. Stone .Wobste, Boston. 

. ^TfewY 61 *"' Laboratories, Inc., NorboTo. F„ Washington Water Power Oo„ 

^S^SKT Steel 0W ° 

K T P n b Hnd s onT.Y SCOr h'*' 1 ""* °°" 

stco1 01110 works ' ttV 1 * Mfg. 

Languor, P, W M WestingUonse Elec, & Mfg. Oo Parker O 

South Philadelphia Pa g J* * e ’ Sareont & Lundy, Chicago. Ill. 

- ... _ _ P a ' Ia ' Poai '™- E. W„ 2508 Washington Ave„ Bronx, 


N.Y. 

Pcden, 0. W., (Member), Aluminum Co. of Amer¬ 
ica, Massena, N. Y. 

Pello, R, St.'J„ Southern Bell Tol. & Tel Co 
Louisville, ICy. ’ " 

Peufcz, A. Z„ Ohosapoake & Potomac Co.. Balti¬ 
more, Md, 

Poring, A. V., PaeiQo Tol. & Tel. Co., San 
Francisco, Calif. 


Leary;, F. D„ Wastinghouso Elec. & Mfg, Co., 

East- Pittsburgh, Pa. 

Leech, W. A., Puget Sound Power Sc Light Oo., 

Seattlo, Wash. 

Lenkor, L. E, f Westbighouso Elec. &: Mfg. Oo., 

Sharon, Pa. 

1 Lleb, A, W. t Now York Edison Co., Now York. 

N, Y. 

Lincoln, B. B., Wostingliouso Elec. & Mfg. Co., 

East Pittsburgh Fa r> ^ - -' 

^Mass* 1 ' St0n ° & Wobstor ’ luc > B^tou. field! ^ a °” S # prln ^ 

Lucif, L .A., Reeves Heating Co. & May Auto- ^ OoV^Amperf N C Electrical Mfg. 

matic Oil Butnor Co., San Francisco, Calif. Phcgley AI M Bnrpa r 
dolplBa.p/ hiIadelPWa EleCfcdC °»- PlliIa ' LosAngel^Calif ***** & 

Lusted, W. Ji., pQtm-Ohio Power Sc Light Co y ^ ' Gonetal EIect|,lc Co '> Schenectady, 

Youngstown, Ohio " p inf1 '' r f ' TTf , Trt 

Madison V L. R. r Stevens & Wood, Inc., Youngs- Pa C> U> a L Contracting Co„ Philadelphia, 
town, Ohio ^ 

h. ama „„„ a,. p i^fS^A!s^st££ 
&7*£r5. -*'■ •—> ■«* c... w«. to „, 

Marmen, H, EOorporatioh of Edmunston. Prasar H r naiu , ^ 

Edmunston, N. B., Can. . TwvrfSLi ' S 'A 0aUfornla " 0r cgon Power Co., 

Matsch, I/. W. t Commonwealth Edison Co., Price V O Tow !'mv -tt t. 

Chicago, III, TdUe T" I wa Smithern Ltilifcies oo,, Conter- 

•JMay, D. T., (Moxnbcr), Bell Tolephouc Labora- Probsfc H^O pnhiin q a tA 

torios. Inc., New York, N, Y. NowArV isr ? ubU 8orvico Production Co., 

Mayno, R (i B. F. Goodrich Oo„ Akron, Ohio Pjdo v Orimmnnwn hi 

McOonnoll, p.. Southern Bell Tei. & Tol. Go., ^ ill/’ omm °ttwealth Edison Co., Chicago, 

McGuRough! e j K R., Hydro-Elec. Pr. Comm, of S“j O^kLn^' St-Louis, Mo. 
Ontario, Port Arthur, Ont., Can, Calif A° Electric Co., San Francisco, 

McFarland, O. G. f Southwestern Boll Telephone Bedpath \v s wnofind 

Co., Kansas City,Mo. OlovZnl £ ° US ° EIec ' &Mf g- Oo„ 

McFarland, T, R, p Southwestern Boll Tol Co., Reed It R □',, fh ^ t 

St. Louis, Mo. * ^ nT Stat ° ° 0lle8e ' Brook ' 

McKay. N. E„ LoulsvIUe Railway Co., Louiavlllc. Reh.hard, w'.N , Lower St. Lawrence Power Oo 

K “s.£'' p ««"r *«. o.„ w 


t 


Richardson, F„ Philadelphia Electric Oo., PhU^ 
delphia, Pa, ^ 

Rioder, J„ Bureau of Power & Light, City of 
Los Angelos, Los Angelos, Calif. 

Roberts, H. O., Agnew Electric Weldor Co^ 
Milford, Mich. M 

Roborts, L, S„ Bureau of Pr. & Lt„ City of Los 
Angeles, Los Angelos, Calif. 

Roberts, P, O., Bureau of Pr. & Lt., r City of Los 
Angoles, Los Angolos, Oallf. 

Robinson, G, R., Robinson Electric Co., Ltd, 
Vancouver, B. O. 

Robinson, T, G., Sargent & Lundy, Chicago, III! 
Roclcwood, G. H., Jr., Western Electric 06., 
Chicago, Ill. ; 

Rogers, H. S., Stono & Wobstor, Inc., Boston. 
Mass. 

Rogers, W. T.. N. Y. & Queous Elec. Lfc. & Pr. 
Oo., Fluslilng, N. Y. 

Roggo, 0. A„ Commonwealth Power Oorp.. 
Jackson, Mich, 

Rose, D, W„ James Johnston Agency. Ino.» 
Rochester, N. Y. 

Rothonstoin, O., Barrotfc-Oravons Co., Chicago. 

Rue), O. J„ Union Electric Light & Power Oo., 
St, Louis, Mo. 

Ry& N '* Gonoral • Elcctrlc Oo ‘* Schenectady, 

Rymor, J. L„ Oarnegio Steel Co., Olilo Worlca, 
Youngstown, Ohio 

Schnoll, N., F, A. D, Amhm Oo., Long Island 
Olty, N. Y. 

Schoonlmar, L. n., Consolidated Gas, Flee. Lfc. & 
Pr. Co., Baltlmoro, M(1, 

Schramm, O. W„ Illinois Boll Tolphono Oo„ 
Chicago, III 

Schumachor, G. O., General Electric Co., No!a 
Park, IS. Cleveland Ohio 
Seaverson, O. I„ 121 W. Maple St., Rawllna, 
Wyoming 

Seely, O. K„ Stone & Wcfcfetor, Inc., Boston, 
Mass. 

Soiui, J, W., Southern Boll Tel, & Tel, Co., 
Louisvillo, ICy. 

Scrvatius, 0. F„ 10055 Halo Avo„ Ohicngo, Ill. 
Soymouro, R, a,, A ills-Chalmers Mfg, Co., 
Milwaukee, Wis. 

Sharp, J. G., Jr.. Stanford Univorsity, Calif, . m 
Shutt, 0. 0., Wostingliouso Elec. & Mfg. Co., 
East Pittsburgh, Pa. 

Siobor, IT. J., Byllosby Engineering & Manage¬ 
ment Oorp., Chicago, Ill. 

Skilling, H, H„ So. California Edison Oo., Big 
Crook, Calif. H 

Skvortzoff, A, A., Wostinghouse EJec. Sc Mfg, Oo 4 
Sharon, Pa. 

Siichtor, L, B. r (Mombor), Slicliter & Hay, 
Madison. AVis. 

Srnede, L., Wcstinghouse Bloc. & Mfg. Oo., 
East Pittsburgh, Pa. 

SmUh, E. A.. E. L. Phillips & Oo., Brooklyn, 

Smith, F. V. M., Textile Electric Sign Co., Inc., 
Dallas, Toxas 

Smith, W. B„ Southern Boll Tol & Tol Co.. 
Louisvillo, ICy. 

Sohom Gonoral Electric Oo., Schenectady, 

Spiehler, O H„ (Member), Columbia Engineor- 
B & Management Oorp,, Cincinnati, Ohio 
Stcumard, 0. N„ Public Service Oo. of Colorado, 
Denver, Colo, 

Starn, M. W., Ohio Bell Telephone Oo., Younga- 
town, Ohio 

Steole, °. A., Oomraonwealth Edison Oo., 
Chicago, III , 

Steely M. B., Worcester Polytechnic Instituto, 
Worcester, Mass. 

Steger, J. F„ Duro Oo„ Dayton, Ohio 
^Strang, H. E„ General ^loctric Oo„ Schenectady, 

StroW, R„ 'Public Sorvlcef Electric & Gas Oo., 
Newark, N. J. 

Summers. E. R„ UnivorsfSy , of Minnesota, 
Minneapolis, Minn. . • 
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Jan. 1928 


INSTITUTE AND BELATED ACTIVITIES 


Swanson, V, W„ Link Bcifc Co., Chicago, III. Ehronbui 
Swodlund, L. E., Oalifornia Institute of Tech- 'city 
nology, Pasadena, Oalif. Emanuel 

Taylor, P. H., Boll Telephone Laboratories, Inc., Milo 
Ne^ York, N. Y. Hoff tor, 

Taylor, P. R., Stono & Webstor, Inc,, Boston, do., 
Mass. Hutchliif 

Tecklenburg, H„ Pugot Sound Power & Light cal ' 
Co,, Seat tie, Wash, Philip, j\ 

Thakur, M. L., Mass, Instltuto of Technology, way 
Cambridge, Mass. Sopor, C 

Thomas, E. G., Indiana Boll Tolophono Co., Indj 
Indianapolis, Ind. Trainor, 

Thornton, O. E,, 110-40 Union Turnpilco, 3£ow N. S 
Gardens, N. Y. V order, 

Tibbs, R. H„ Public Service Electric & Gas Co., ht<\ 
Newark, N.J. Wight, ] 

Tirk, O. .J., Wostlnghouso Elec. & Mfg. Co., Eng 
East Pittsburgh, Pa. Total 14 

Town, G. R., Rensselaer Polytechnic Institute, 

Troy, N, Y. 

Townond, H. L„ General Electric Go., Buffalo, Abrams, 


Ehronburg, H. I-L, Rotterdam Municipal Elected- Bradflold, FtaytlO., VblvetsUl d 

•city Works, Rotterdam, Holland Bradford, Harold. Oklahoma AffU. * Moot 

Emanuoll, L,, (Membov), Socleta Italiana Plvell, Oollogo » T l lf 

Milan Ti.n.iv Bradley, Gcorgo G.. Yolo university 

Hofftor, J,', Wcstinghouso Electric International Bradloy, 3. Duncan, Jr., Cto™* 11 "/.J^ehnology 
Oo., Ituonos Alcoa, Bo. Amor. Brady,.John J.. 

Hutchinson, F. ,T„ Metropolltati-Vlckcrs Eleclrl- Brayhrook, Jomos Q-., Michigan SLa 
col Oo„ TraOord Park, Manchester, Eng. Agri, & Applied Sclonra 

Philip, M„ Marties & Southern Mahvotta Rail- Broazealo, William M., Rulfiot s Oollogo 
Ly Co., Ltd., Madras. Indio _ . Brott. Floyd O., OWoJoma 


Sopor, O. N., B. B. & C. I. Railway, Bombay, 
Tndja 

Trainor, J. P, t W. Watson & Sons, Ltd., Sydney, 
N. S. W. Aust. 

Vorder, E. J„ (Member), Trinidad Leaseholds, 


Brett, Floyd 0„ Oklahoma Agri. & Mceh. Oollogo 
Briggs, William E„ Armour Instltuto of Tech. 
Bristow, William F„ Jr., North Carolina Sift to 

Collogo „ m t 

Britton, J. Robert, Oaynogio Instltuto of it'Cli. 


Ltcl., Trinidad, B, W, I 


(Member), Trinidad Leaseholds, Brock, Hobart M.. University of TN$messeo 

' . _-r fTe-t iT'MvfiPH l,V 


Wight, H, D., (Member), Sunderland Forgo &c Brown, Lewis J. 


Bromley, J. Eddy, Purduo University 


Cornell University 


Engg. Oo., Ltd., Sunderland, Eng, 
Total 14. 

STUDENTS ENROLLED 


Brown, L. Packer, Armour Institute of '4Jech. 
Brown, Wilfred 3D,, Purdue Uni versity 
Bruggoman, John, Brooklyn Polytechnic Instltuto 
Bruno, Otto, Mass. Instltuto of Technology 


Herman, Brooklyn Polytechnic Institute Buckontlahl, Harry A., University of Nohvaska 

... L _ . . - _* n... T Wnd Vlvvhiilk. TTlllvorslty 


N.Y, Achtllos, Arthur B„ Lohlgli University 

Trier, O. J„ (Mombor), J* Trior & Oo., Chicago, Albright, Roy H„ Unlvorslty of Pittsburgh 
IP, Alimansky, Max I„ Mass. Ins Li Lute 

Trucksoss, D. E„ Boll Tclopliono Laboratories, Allluison, John, Comoll University 


Burner, Grant I., Wost Virginia University 
Bussard, Richard If., Johns Hopkins University 


Alimansky, Max I„ Mass. Institute of Technology Calabrese, Gcorgo V., Armour lust iluto of X cell . 

_ J . _ .. — . r n .«nc li' n Aiimnn A crrinil Iturftl UOllORO 


Inc,, Now York, N. Y. 

Tuokor, S. A., Brooklyn Edison Oo., Brooklyn, 
N.Y. 

Valesio, M. ,T. P Elcctrad, Inc., Now York, N. Y. 
Van Clove, O. F., Dnquosno Light Oo., Pittsburgh, 
Pa. 

Van Olinda, P„ Brooklyn Edison Oo., Brooklyn, 
N, Y. 

Veddor, E. II., Wostlnghouso Elcc. & Mfg. Oo. f 
East Pittsburgh, Pa. 

Volnott, O. G., Wostlnghouso Elcc. & Mfg- Co., 
East Pittsburgh, Pa, 


Ambroslus, Carl 0., Purdue University 
Anderson, Aclolph, John Hopkins University 


Oallalmm, James IT., Olomson Agricultural Oollogo 
Campbell, Donald M., University of Nebraska 
Campbell, R. Lynn, University of Tennessee 


Anderson, Harold T„ State College of Washington Gannon, J*. W., University of Damuaio 
Anderson, Laird, Olomson Agri. Oollogo Oantonwino, Charles R., Unlvorslty or Houlli 

Anderson, Robert N., Olomson Agri. Oollogo Dakota . 

Anflnson, Ernest, Armour Instltuto of Technology Oapok, Ralph It.. University of I Rtsbuigli 
Anglo, Raymond D., Cornol? University Carter, Richard O., Jr., Olomson Agri, collogo 

Anzingor, George W., Lewis Institute Castle, Donald II., Stevens Instltuto qf oc L 

Appel, Henry W„ Now York Unlvorslty Oaughey, William JC„ Stevens Instltutoor locli. 

Armstrong. Wayne, Oklahoma Agri. & Moch. Chapin, Frank P. f Pommylvaula BlatrfXfollflua 


Armstrong, Wayne, Oklahoma Agri. & Me< 
College 

Aronolf, A. M„ Georgia School of' Technology 


Villogard, F„ ID. L, Phillips & Co„ Brooklyn, Anbury, DoWitt N„ Jr,,. Georgia School 
N.Y. Technology 

Vogt, A, J., Southern Bell Tel. & Tol. Oo., Atkins, Ernest G., Jr„ Oornoll University 
Louisville, ICyL Atkinson, Maurice B., University of Missouri 

Volnoy, S. O,, Electrical Testing Laboratories, Auokorman, Urlclc H, r Ohio State University 
Now York, N, Y. Auer, Dolmar K., Ohio State Uillvoralty 

Wall, O. R„ Fox Case Corp., Now York, N, Y. Bahls, W. 0., Endrox, University of Nebraska 
Walrod, J. V„ Mlnnoapolls-HonoywoU Rogulfttor Bailey, O. D., Oregon Institute of Technology 


Oo., Wabash, Ind. 

Walsh, L. G., 34 Dollart Placo, Elizabeth, N. J. 
Wats, E, J„ Victor X-Ray Oorp„ New York, N. Y. 
Weil, O. E., Pugot Sound Power & Light Co., 
Seattle, Wash. 

Weir, J. M., Unlvorslty of Washington, Seattle, 
Wash. 

Wheolor, R. E„ Wostlnghouso Elcc, & Mfg. Oo. 1 
Turtle Creole, Pa. 

White, H. E., Peim-Ohio Power & Light Go., 
Youngstown, Ohio 

Whitohouso, T. S.. Stono & Webstor, Inc., Boston, 
Mass. 


Baker, O, Emerson, Cornell University 
Balascjuido, Miguel A. f Oornoll University 


Chase, Rliodln W., Univo?sifcy of Texas 
Childs, Bertrand A„ UnlvornHy of Utah 
of Churchman, Arthur C„ Unlvorslty of Delaw a Ai 
Clark, Gcorgo W„ Clarkson College of Toclmology 
Clark, James H., Olomson Agri, College 
Clark, Robert W„ Stanford University 
Clovor, Gcorgo L, Stanford University 
Cobb, Gcorgo F., Olemson Agricultural College 
Cog, Thomas M. t Armour JnaUtute of Techiudogy 
OolUcott, Claude E. h Oregon InKtituto of TkJcU. 
Oonion, Frank B. t Ohio Stale University 
Connolly, Pat W., Stato Oollogo of Washlnglon 


Balo, Lawrence W., Case School of Applied Connor, WllliatmE., Lohlgli Unlvorslty 


Scion CO 

Balko, William II., Jr., Yalo University 
Ball, Gcorgo W,, Colorado Stato Agri. OolLcgo 
Balyeat, Ralph, Ohio State University 
Barbus, Frederick, Virginia Military Institute 


Oortolll, John A., Case Seliool of Applied Hclonco 
Oostale-s, Victoiio U. r Lewis Jnstitnlo 
Cowley. G, W., Unlvorslty of Noljrashu 
Oralg, A.. Jr,, Oornoll Unlvorslty 
Grampian, Raymond 15., Purdun Unlvorslly 


Borrctoso, Ranlori P„ Newark Technical School Orano, William H., Jr., Johns Hop*Inn University 
Barrett, Carl R. , Mississippi Agri. &Mcch, College Crawford, Jnmos ,J, ( Uiilvet-Htljy of Pittsburgh 


BarthcH, Sam G., University of Colorado 
Batchelor, John 0., Purdue University 
Bates, Arthur 0„ Furdiio University 


Whitson, T. B., with James G. Biddle, Phlla- Bazloy. William J„ Northeastern Ujdvorsity 


dolphla. Pa. 


Beerman, Mannjo R„ Georgia School of Tech. 


Whyte, N. I„ General Electric Co., Schenectady, Boll Joseph. Yalo University 

N, y. Bonder, Luther II., Lclitgli Unlvorslty 

Wiko, R. E„ Electric Auto-Lit© Co., Toledo, Ohio Bendlxon. OrJa II., University of South Dakota 


Wiles, W. M„ International Railway Go., Buffalo. 
N. Y, 

Wilson, J„ Freod-Eisomaim Radio Corp. ; 
Brooklyn, N,Y, 


Benin, Zolmon, Now Yorlc University 
Berger, Alexander A., Georgia School of Tech. 


Corp., Bernhard, Leroy E,, Armour Institute of Tech. Davis, Francis W., Ohio Btftfco University 


Borrosford, Arthur B, r Oornoll University 


Davis, Leslie S. t ICansiis Slate Agri. <3fdl©«« 


Wood,J.S., Jr., DlohlMfg, Co., Philadelphia, Pa. Borryman, Olaronco, Oklahoma Agri. & Mccli, Davis, Moses, Lohigh Unlvorslty 


Woodward, J., G., Public Service Co, of No. Oollogo 

Illinois, Chicago, Ill, Berwick, Valant II., Case School of 

Yatsko, A., General Electric Oo.. Oakland, Oalif. Science 

' Zellner, W. R., Stone & Webster, Inc., Boston, Boschoror, Edwin A., Purduo University 
jVf asSt •* Bovltt, William D., Oornoll University 

Total 317,' * . Bill, Thomas S., Oornoll University 

Bishop, Alfred D„ Orogon InstlUito of To 
Foreign Bishop, Stanley J„ Yalo University 

Abraham, F. X. J., British Broadcasting Corp., citnoy, ’William L,, University of/Nobra 
Cardiff, Wales, Groat Britain Blair, F., Loroy, University of South Da 

AlyUngar, R. N. N., Public Works Dopt., Oota- Blako, Harry Xf., Ohio State University 


Davis, Rei(t l>,, Olomson Agri? Oollego 

Case School of Applied Dawson, James Jr,, Armour InslKuitft of Tech* 
Deason, Gilbert IL, University of Nebraska 
urduo University Deckard, Paul D., Purduo Unlvorslty 

■noli University Decker, Alonzo 0J„ ,Tr., Oornoll Unlvorslty 

11 Unlvorslty Decker, Jacob S., Ohio Stato University 


Grossman, Gilbert O., Cornell University * '* 

Oroflwoll, Robert A„ Mass, InHlJUUo c>r Tech. 
Gurry, (Jcorgo W., Texas A. & M. Oollogo 
Out lino, Benjamin If., Olemson Agri, Onllogo 
Out lino, William II., Olonison AgrUOollego 
Daley, John L„ Yale University 
Daniel©, ISdniund, Brooklyn Polytechnic InHtltuln 
Danielson, Joseph JJ., HtatoOolkgo or Washing ton 
Davidson, Ralph, Purduo University 
Davloa, Ivor T., Oregon Iiislituto of Technology 


Bishop, Alfred D„ Oregon Instltaito of Technology Delthony, Fred R., Armour Instltuto of Tech. 
Bishop, Stanley J„ Yalo University Dorshcm, Adalbert A., Ohio State Unlvorslty 

Bitnoy, 'William L,, University of/Nebraska Do Toro, Nicholas, Yalo Unlvorslty 

Blair, P„ Loroy, University of South Dakota DoWItz, Alfred, Purduo University 

Dickinson, Willard, University of South Dakota 
Diehl, Forrest, Oklahoma Agri. & Much. Collogo 


camiind, Madras, So. India 


Bloick, Willard E., Stevens Institute of Tech, 


Brosons, R. T. r Soc, Ffnancioro do Transports ot Blitch, Ffdgar W.> Jr., Olemson Agricultural Divan, Gail F., Oliio Stato University 


d’Etroprisos Industrlollos, Ixollos-BrussolsT 
Belgium * ♦ 

Darwood, W. A, R„ ICampar, Porak. F. M. S. 


Oollogo 

Bogor, Konnoth, Ohio State University -* 
Bolin, Glonn O tf , Unlvorslty of Pittsburgh 


Dickinson, J, 0.,» Ferguson, Pallin, Ltd,, Hr. Booker, William P., Lehigh Unlvorslty 

Openshaw? Manchester, Eng. * Borg man, G. R„ Kaims State Agri. College 


Dodgo, Harry W., Princeton Univoralty 
Dohrmnn, II. Ijoavoll, University of Kentucky 
Doss, Loon F., Yale University ' 

Dojvoll, Millard F. t University of KaiiNM 
Dotting, Kounoth W M Untviy’HlIy of Maltin 


♦ 
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Dozois, Harvey IL, Armour Instituto of Tech. 
DuBoso, W. P„ Jr. t Olomson Agricultural College 
Duhamel, Howard G„ Qhio State University 
Duncan, Justin R,, Oklahoma Agri, & Mech 
College 

Durkee, Kenneth M., University of Washington 
Burling, Charles R„ Jr., Cornell University 
Dysart. Birney, Stanford University 
Bakins, William V. G.j Princeton University 
Eaton, J. Palmer, University of Detroit 

• Edson, Jnmos 0„ University of Kansas 
Bhrmeyec, Walter J., Armour Institute of Tech. 
Ekroth, Walter W., Colo. State Agri. College 
Ellis, Edward, Northeastern University 
English, . T.^Odio, Missouri School of Mines & 

Metallurgy • 

Enz, Vern E,, Stato^Collego of Wasliington 
E sk^wy Henry L-. Clemson Agri, College 

• Ewart, J. Norton, Oomoll University' 

Ewing, Norval S„ Armour Institute of Tech. 
EymaUj. Don H„ Ohio State University 
Falconer, Maynard O., University of Washington 
Farley, Irvin K*. Dr ox el Institute 

• Fordlnandus, John H„ Yale University 
Fibel, Adolph, Johns Hopkins University 
Mno, Isadora* Loliigh University 
Fisher, Paul. R., University of Pittsburgh 
Fitzsimmons, David P., Carnegie Institute of 

♦ Technology • 

Fleming, Thomas M„ Georgia School of Tech. 
Foley, William, Lelilgh University 
Fontaine, John E„ Texas A. & M, College 
Fornili, Ernest M„ University of Detroit 
Forss, JJritz VArmour Instituto of Technology 
Fraser, Benjamin P„ Olomson Agri. College 

• Fretz, OrB, G., Oklahoma Agri. & Mech. College 
Floy, Albert C., Qolbrado Stale Agricultural 

Ooliege 

Frlbd, Harry K., University of Pittsburgh 
Fyler, George W., Yale University 
Galloway, Clifford S. f Union College 
Garrison, Chester A., Kansas State Agricultural 
College 

Gatlin, Jabez L., Texas A. & M. College 
Gehrko, John W., Lehigh University 
Gerger. Elmer S„ Armour Institute of Technology 
Gorman, Wilbur W M Cornell University 
Gerstel, Leonard, Armour Institute of Technology 
Gilbert, Dewitt O.. Lehigh University 
Gillon, Verser O., Georgia School of Technology 
.Gladson, Gordon G., Kansas State Agri. College 

Glass, Robert W., University of Washington 

. G1 ^e^niann, Theodoro F,, Jolins Hopkins 
University 

Goddard, John 13, r Ohio State University 
Goldstine, Hallan E., University of Kentucky 
Gonfalez, Jose M*. Jr., University of Kansas 
Goodridge,, Wilfred NStevens Institute of Tech. 
Goss, Frank A., Jr., New York University 
Goudy, Gorald*0., University of Maine 
Graul, T, A .^University of Pittsburgh 
Griffith, Benjamin G„ Oregon Agricultural Ooliege 
Griffith, pdward A,, Ohio State University 
Griffith, J. H., Jr,, University of Kentucky 
Grubb. Raymond University of Delaware 
Gubin, Samuel L., Yale University 
1 Guenther, Rudolph J„ Armour Institute of Tech. 
Habach, Georgo M, St ovens Instituto of Tech, 
Hadwiger. Alfred L., University of Nebraska 
Hal let t, Robert L., *Jr„ Pennsylvania State College 
Hallstrom, Lawrcnco E., Pennsylvania State 
^ Ooliege 

Hamrna, William a, Brooklyn Polytechnic 
Instituto • 

Hamouz Venny A,, University of Nebraska 
Hardgravo, .Terrell W„ George Washington 
University 

Harding, C. Francis, Jr., Purdue University 
Hardy* Jackson L„ Mississippi Agri. & Mech, 

< • College 

Harney, Gerald E„ University of Washington 
garrls, Rulon O., University of Kentucky 
Harris, T, Henry, Oregon Agricultural Ooliege 
Uarshaw. Clare H. s North Carolina State 
College : ;'L.'Y 

parfcung, Goorge H„ Lohlgh University 
Hauck, Walter O..Ohiip State University , 

■ > • I ‘s’ ‘ ^ 


Journal A. I, E, 


Hayward, Stacey K„ University of South Dakota 
Hazolton, Robert M„ Northeastern Univorsity 
Hearson, Lawrence T. t Univorsity of Nebraska 
Hefling, Harold K., Kansas State Agricultural 
Ooliege 

Heidonroich, J, Ralph, University of Detroit 
Heine, T, O., Cornell University 
Honsel, Waldo G,, Ohio Northern University 
Horbstor, John 0,, Case School of Applied Science 
Horvin, Carl H., University of Washington 
Hess, A, Clarence, Jr., Oregon Institute of 
Technology 

Hikol, Philip 8., University of Maine 
Hindman, Boyden W„ Armour Institute of Tech. 
Hiser, Alfred O., Ohio State University 
Hively, Murray W„ Ohio State University 
Hoofer, Herbert W„ Clomsou Agricultural Ooliege 
Hofmann, Thomas, Kansas State Agri. College 
Holman, Wayne J., Jr., Georgia School of Tech. 
Holskouser, David M., University of North 
Carolina 

Hols ten, Fred, Brooklyn' Poly technic Instituto 
Holtegel, Harry B., Purdue University 
Hongo, Harry T.. Stanford Univorsity 
Hope, Donald L., Purdue University 
Hough, Jack M„ Univorsity of Nevada 
Howell, James P., Oregon Agri, College 
Hromada, Joseph 0„ Armour Institute of Tech. 
Huggins, Adrian H., West Virginia University 
Hull, Virgil O., Ohio Stifle University 
Hultborg, Carl A., University of Detroit 
Hybarger, II. Kenneth, Case School of Applied 
Science • 

Irwin, Fred B„ Oregon Institute of Technology 
Jackson, Lynn S„ Olemsou Agri. Collogo 
Jacob, Frederick N-„ Armour Institute of Tech 
Jennings, George J,, Jr,, Armour Instituto of 
Technology 

Jlllson, Charles F., Armour Instituto of Tech. 
Johnson, Lawrence N., Purduo University 
Johnson, Leslie, Oregon Agri. Ooliege 
Jones, Chilton R„ University of North Carolina 
Jones, Henry R., University of Pittsburgh 
Jones, Jesse E., Ohio State University 
Juorgonson, Fred H„ Armour Institute of Tegh, 
Kay nor, Harry J., Armour Institute of Technology 
Kearney, Louis E„ Drexol Instituto 
Kcast, Richard, Yalo University 
Keonoy, R, Ralph, Purduo University 
Iveib, 0. A., Clarkson College of Technology 
Keith, William A., Montana State College 
Kelly, Anthony H., University of Nebraska ' 

Kelly, Emmet P., University of Washington 
Korr, Wayne, University of Kansas 
Kilgore, G. Ross, University of Nebraska • 
IGllingsworth, Henry M., Clemson Agri. College 
King, Guy R„ Stanford University 
Kinney, Albert B., North Carolina State Collogo 
Kipp, Aaron, Kansas Sta(o Agri, College 
Kirk, Elmer L„ Michigan State College of Agri. 

& Applied Sciouco 4 

Klinefelter, Overton H., Johns Hopkins Univorsity 
Knapp, Sherman R„ Cornell Univorsity 
Knapp, William A., Texas A. & M. College 
Knights, Frederick J., Univorsity of Nebraska 
Knox, Russell E„ Ohio State University 
Koch, Carl R., Stanford Univorsity 
Koenig, Arthur W„ Purduo University 
Krappo, Justus, Jr., Columbia University 
Lagatolla, P. E„ University of Pittsburgh 
Lankos, Richard, Mass. Instituto of Technology 
Lansem Lloyd B., Oregon Instituto of Technology 
Lash, Ross A., Ohio Northern University 
Lauder, Richard A„ University of Detroit 
Lander, Robert V., University of Detroit 
LaughUn, O. W n University of Kansas 
Lawson, Tom R., Johns Hopkins University 
Leach, Earlo F„ Brown Univorsity 
Lenoir, George F„ Jr M Georgia School of Tech. 
Lerch, Russel 0., Lehigh University 
Lewis, Charles S„ Olomson Agri, Ooliege 
Lewis, Clyde E., Northeastern University 
Lockwood. Edward T„ Mass. Institute of Tech. 
Lott. Edward J., Newark Technical School 
Lucchotti, Anthony M„ Aianoyr Institute of 
Technology 

Luck, James B., Univorsity of Pittsburgh 


Macarow, John 0„ Cornell Univorsity 
MacDonald, Nell A., Armour Institute of Tech* 
Macflo, Wade H., Jr,, Olomson Agri. Collogo 
MacLaughlln, Ralph R., Ohio State Univorsity 
Maobius, Konnoth W„ University of Michigan 
Malliofcra. Mulk R., University of Pittsburgh 
Mallott, Jolm, University of Wasliington 
Mancke, Richard B., Loiiigh University 
Manfrodo, Ido H„ Brooklyn Polytechnic Institute 
Martel, Charles, Union College 
Martin, Charles R„ Clemson Agri. College 
Martz, Gerald O., Purduo University 
Marvin, Harold W„ Jr., Olomson Agri, College 
Mason, Elwood D„ Brooklyn Polytechnic Inst, 
Maten, Marvin A., University of Michigan 
Mauz, Henry H., Colorado State Agri. Ooliege 
Maxim, Walter, Jr,, Case School of Applied 
Science 

Maynard, Jack E. ( University of Washington 
McOloska, Fred W,, Jr,, Armour Institute of 
Technology 

Ale Connell, Androw J., Cornell University 
McConnell, John D., University of North Carolina 
McDonald, Clement J„ Armour Institute of 
Technology 

McDonald, Edward M„ Olomson Agri. Collogo 
McEachorn, Calvin O., Georgia School of Tech. 
MoSweony, Roger, Harvard College 
Mead, Myrvon L„ Univorsity of Nebraska 
Meador, Jack R., Texas A. & M. Oolloge 
Moetzo, Hugh Y„ University of Virginia 
Mollies, Hormon A., Oklahoma Agri, & Mech. 
College 

Melvin, George E„ Ohio State Univorsity 
Motes, Jolm M„ University of Michigan 
Metzger, Alan F., Yalo Univorsity 
Meyer, Anthony O., Armour Instituto of Tech, 
Micliolson, Ernest L„ Armour Instituto of Tech. 
Allies, Karl W., Lowis Instituto 
Miller, C. V., Purduo Univorsity 
Millor, Murray R., Oregon Agri. College 
Millor, Norman A„ OornoU'Univorsity 
Miner, Ralph W,, Yalo University 
Miron, Sam, Rico Institute . 

Mironowicz, Vladimir O,, Armour Instituto of 
Technology 

T Mitchol, Goorgo W., Colorado Stato Agricultural 
College 

Mitchell, Lewis T., Jr,, University of Pittsburgh 
Moldrup, Ilyrum P., Oklahoma Agri. & Mech. 
Collogo 

Moore, H. Nowtou, Cornell Univorsity 
Moore, Lorin A., University of Utah 
Moore, Luthor B„ Jr., Olomson Agri. College 
Mooro, Raymond Y„ Purduo Univorsity 
Morgan, Thomas 0., Michigan State Ooliege of 
Agri. & Applied Science 
Morrol, William G„ AUrginia Alilltary Instituto 
Morris, James M„ Oregon Agricultural Oolloge 
Afuhovich, Alike R., University of Colorado 
Mundy, John T. t Clemson Agri, College 
Alurata, Tomio, Stanford University 
Murrah, Edmund S., Clemson Agricultural OoUoge 
Murray, Harry B, t Northeastern University 
Afuiray, William K., Princeton University 
Naumann, Robert O., University of IlUnois 
Nebbia, Albert M. r Now York University 
Nedelsky, Loo, University of Washington 
Nolson, Charles J., University of Colorado 
Nowhouso, Russell 0., Ohio State Univorsity 
Newton, Jolm O., Brown University 
Nicoll, Oliver AV„ Columbia University 
Nii. Senta, Oregon Institute of Technology 
Niles, Ronald J., state 0«ilegp of Washington 
Noble, Harrell V., Purduo XTnlvprslty 
Noble, John 0„ Kansas Stato Agri. Ooliege 
North, John H„ Johns Hopldns University 
Nuckols, Samuel S„ OornoP University 
Nuttall, Herbert E., Univorsity of Utah 
Oberhausen, F„ Purdue University r 

O’Oonnoll, John O., Jr., Lehigh Univorsity 
r Oddy, G. Lowis, DrexerInstitute 
Okada, R., .University of Washington 
Oliver, Bon H,, Jr., 'Stevens Institute of Tech* 
Ong, Floyd 0„ Armour InsUtute of Technology 
Orrell, Howard, Newark Technical School 
Otto, Paul W.; Case School of Applied Science r 
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INSTITUTE AND RELATED ACTIVITIES 


Padd loford, M er ton E., Kansas State Agvic ultural 
^ College 

Parsons, Darrell, University of South Dakota 
Payne, Aimar W., University of Florida 
Pearson, Richard 0., Jr., Toxas A. & M. College 
Pendleton, James, Jr„ Oregon Institute of Tech. 
Perry, Robert II., University of Pittsburgh 
Peterson, Victor M., University of Nebraska 
Peterson, Bollard H., Kansas State Agricultural 
College 

Petorson, Vernon A., Armour Institute of Tecln 
Pfeiffer, Joseph J., University of Pittsburgh 
Phillips, James L„ Georgia School of Technology 
Phillips, James W., Pennsylvania Stato College 
Plimpton, Rodnoy F., Northeastern University 
Pond, Lloyd H,, University of Arkansas 
Poppo, Frank W., Now York Uni varsity 
Pratt, John L. t Toxas A. & M, College 
Preston, Edward H„ Georgia School of Tech* 
Priebe, Harold W„ University of Michigan 
Frobst, Stanley R., Colorado Stato Agricultural 
, Oollogo 

Prokop, George S., Lehigh University 
Puotto, Robert L,, Case School'd Applied Science 
Pugh, Evan E., California Institute of Tech. 
Pulasld, Sidney S., Armour Institute of Tech. 

* Quo, S. Elizaga, Purduo Univorsity 
Radio, Carl, University of Washington 
Rannoy, Willis E., Univorsity of Kentucky 
Rood, Jared F., Jr„ Univorsity of Pittsburgh 
Rood, Richard D., University of Nobraska 
Relsner, Oornollus A., Oregon Institute of Tech. 
Reitmoyor, Harry A„ University oF Pittsburgh 
Remer, Donald E., Yalo Univorsity 
Richardson, Raymond P., Northeast orn Uni¬ 
vorsity 

Robbins, Lawrence L„ Olomson Agricultural 
Oollego 

Roblnotto, Harris, Mississippi Agri. & Mech. 
Oollego 

Robinson, Edgar R„ Olilo Stato Univorsity 
Robuclc, John B., University of Toxas 
Rogors, Nathan J„ Univorsity of Florida 
Ropes, Richard W,. Stanford University 
Ruohrmuud, Lloyd G,, Ohio Nor thorn University 
Rummol, George A., Armour Instituto of Tech. 
Runyan, Marlon R„ Ohio Northern University 
Rush, Elmer H., Univorsity of Kansas 
Russoil, Raymond O., Cornell Univorsity 
Ryan, Richard P„ University of Colorado 
S&hkovlcli, Romwald J, IC, University of 
Mlohlgnn 

Sailor, Lostor R„ Oohmibia Univorsity 
Sandor, Louis F,, Olomson Agricultural College 
Sanow, Waitor O., Caso School of Applied Sclonoo 
Sayler, Arch E,, University of Southern California 
Schapor, William A., Armour Institute of Tech. 
Scherer, Charles J., Johns Hopldns Univorsity 
Schindler, Robert W„ Case School of Applied 
Science 

Schmidt, Charles G„ Now York University 


Sclineldor, Arthur \Y„ Now York University 
Schrader, Warren AY., Cornell University 
Scovillo, Merritt Univorsity of Nebraska 
Shanloy, James J„ Yale University 
Shaw, John D., North Carolina Stato Oollogo 
Shay, Herbort IC, Cornell University 
Shoahan, Robert E„ Case School of Applied 
Science 

Shipley, Elwood D,, Olilo State Univorsity 
Shuler, John H., Olilo Stato University 
Shuman, Josoph H„ Oregon Institute of Tech, 
Sias, Ralph, University of Florida 
Sigafoosts Pliny W.. Case School of Applied 
Science 

Sigman, Harold F., Lafayotto College 
Sinclair, Robert E., Cornell Univorsity 
Sinks, AH on T., Yale University 
Sly, Robert M. t Ohio Stato University 
Sinced, Russoil W., Case School of Applied Science 
Smith, Emmett A,, Ohio State University 
Smith, Lewis E„ Univorsity of Pittsburgh 
Snider, Paul J., Ohio Stato Univorsity 
Snyder, Richard P„ University of Pittsburgh 
Salt, John H,, Lehigh Univorsity 
Sommorniftii, George M, L,, Johns HopkinB Uni¬ 
versity 

Sowers, Leon IC., Loliigh University 
Speaks, Clarence W., Oklahoma Agri. & Meek. 
College 

Sponsler, John B„ Lehigh University 
Spree her, James L., Lehigh Univorsity 
Springer, Ernost, Olomson Agri. Collage 
Staples, Carlo ton D. f University of Maine 
Stay, Charles A., Lehigh University 
Stelnort, Bentley 0„ Lehigh University 
Stovons, Ward AY., Georgia School of Technology 
Stewart, Ernest N., University of Kentucky 
Stickle, Harry O., Rose Poly technic Institxite 
Stipp, Roy A., University oF Kentucky 
S tokos, Howard S., Armour Institute of Tech. 
Stoppulboln, Harold E,, Olomson Agri. College 
Strom, George AY,, Armour Instituto of Tech, 
Sfcruyk, Adrian. Stovons Tnstttuto of Technology 
Stuomky, Eclwlu R„ Oklahoma Agri. & Mech. 
College 

Sbuermor, Ernest II., Univorsity of Waslilngton 
Sutherland, James R„ Yalo Univorsity 
. Sutherland, Wilbur 0„ O or noil University 
Swingle, RalphH, t Goorgo AVashington Univorsity 
Tarploc, George B,, Purdue University 
Tavr, Donald T., California Institute of 
Technology 

Tavvin, Everett R., Columbia Univorsity 
Taylor, Albert R., Stanford University 
Taylor, Edwin P., Stanford University 
Tayloi*, Howard M>, Jr., Cornell University 
Taylor, Kenneth A., Univorsity of Pittsburgh 
Taylor, Roger S,, Loliigh University 
Toker, John AY., Armour Institute of Technology 
Templln, Edwin W,, California Instituto of 
Technology 

Theopkilus, Ralph H„ University of Pittsburgh 


Thomas, AVilllam A., Caso School of Applied 
Science 

Thompson, Milo J., Purduo University 
Thud in, Howard P., Ifadsas State Agri. Oollego 
Tice, Fletcher TV, Olomson Agricultural College 
Tiffany, Robert Oornoli Univorsity 
Troitaky, Simeon P„ Univorsity of Washington 
Trout, Graydon, Ohio Stato University 
Trowbridge, Olaronco A.# Georgia School of Tech. 
Tulauskas, Leonard, Armour Instituto of Tech. 
Tunney, Robert D., Yale Univorsity 
Turner, Forrest D., Iowa State Oollogo 
Van Motor, Emanuel, University of Kentucky 
Van AVceldon, Morris J., University of Michigan 
Veclno, Ricardo, Univorsity of Pittsburgh 
AVackorman, Robert B., Caso^Schoof of Applied 
Science 

AYaekyna, Mitchell A., Olomson Agri. Oollego 
Walsh, Allen A., Olemson Agri. Oollogo • 
AYalter, Lawronco G., George Washington 
University , 

AVamhoiT, Harold W„ University of Pittsburgh 
Wars tier, Donovan A., Ohio State University 
AVa-srmmd, James A., University of Nebraska n 
AYftssormun, Johann, Dr ox el Institute 
Watt, Yornon S,, University of Waslilngton 
Watters, AYllliam D., Ohio'State Univorsity * 
Way, Darwin Drexol Institute 
Weckol, Arthur R., ICanaas Stato Agricultural 
College 

Welch, Alanson U., Jr„ Rutgers Oollego 
Wellman, Harlan B, r Ohio State University 
Werner, Paul S„ Cornell University 
Wesley, Morris. Rose Polytechnic Institute 
AVliito, Robert B M Olomson Agri. College^ 
Whitlow, Lyman B„ Georgia School of Tech. 
Whitten, S, E„ Olomson A^rRultural Oollogo •• 
AYiosfc, Horace G,, Jr., Loliigh Univorsity m 
Will, Charles EL, University of Nebraska 
Wilicutt, Frederick W., Mass, Institute of Tech. 
Willliardfc, Henry, Rutgers College 
AVilllanis, John F„ Jr., Olomson Agri. College 
Wills, Harold P,, University of Pittsburgh 
Wilson, Williamson, Princeton University 
WlutUiam, Ray IC, Ohio Stato University * 
Wing, Kemiotli A., University of Pittsburgh 
Winshinan, Alfred O., Northonstorn Univorsity 
Wood, J. Albert, Jr., Cornell Univorsity 
AVoodman, IC L,,«OhIo Stato Univorsity 
Woodward. Charles B., Droxol Institute 
AYratlmll, Jay R., Univorsity of Utah 
Wright, Huntor S., University of A r irglnia 
AVycho, Christopher L„ Georgia School of Tech. 
Yamamoto, Hlrosuburo, Tokyo Imperial Unly. 
Yancey, Leonard O., Alabama Polytechnic 
Instituto 

** 

Yenrick, ICarl, Ohio Stato University 
Zankoy, Harry E„ Univorsity of Pittsburgh 
Zumwalfc,* J\ Howser, Oklahoma Agri, & Me oh. 

College 
Total £40 
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INSTITUTE AND RELATED ACTIVITIES 


Journal A. I. E. E; 


Officers A. I. E. E. 1927-1928 

PRESIDENT 

(Term expires July 31 1 1928) 

BANCROFT GHERARDI 

JUNIOR PAST PRESIDENTS 

(Term expires July 31* 1028) /Term expires July 31, 1920) 

m. r. pupin a c. chesney 

VICE-PRESIDENTS 

S Perms expire July 31, 1928) (Terms expire July 31, 1029) 

. M. HOBART (District No, 1) O. T. FERGUSON (District No, 0) 

B. G. JAMIESON (District No. 6) E. R. NORTH MORE (District No. 8) 
GEORGE L. KNIGHT (District No. 3) J. L. BEAVER (District No. 2) 

H.H. SCHOOLFIELD (District No. 0) A- B. COOPER (District No. 10) 

A. E. BETTIS (District No, 7) C. O. BICKELHAUPT (District No. 4) 


MANAGERS 

(Terms expire July 31, 1930) 
I. E. MOULTROP 
H. C. DON CARLOS 
F. J. CHESTER MAN 
(Terms expire July 31, 1931) 
F. C. HANKER 
E. B. MEYER 
H. P. LIVERSIDGE 


• « 




f 

ft* 


(Terms expire. July 31, 1923) 

JOHN B. WHITEHEAD 
* M. BRYANT 
. B, MERRIAM 
ps^ex^ire^R^3I, 1929) 

H,'A. KIDDER 

E. C. STONE 

NATIONAL TREASURER NATIONAL SECRETARY 

(Terms expire July 31, 1928) 

GEORGE A. HAMILTON P. L. HUTCHINSON 

•HONORARY SECRETARY GENERAL COUNSEL 

RALPH W. POPE PARKER & AARON 

30 Broad Street, New York 
PAST PRESIDENTS—1884-1927 

♦Henry G. Stott, 1907-8. 
Lours A. Ferguson, 1908-9. 
Lewis B. Stillwell, 1909-10. 
Dugald C. Jackson, 1910-11, 
Gano Dunn, 1011-12, 

Ralph D. Mershon, 1012-13, 
C. O, Mailloux, 1913-14. 

Paul M. Lincoln, 1914-15, 
John J. Carty, 1916-10, 

H. W. Buck, igi6-17. 

E,W. Rice, Jr., 1917-18, 
Comfort A. Adams, 1918-19, 
Calvert Townlky, 1019-20. 

A. W. Bbrresford, 1920-21, 
William McClellan, 1921-22, 
Frank B. Jewett, 1922-23, 
Harris J, Ryan, 1923-4. 
Parley Osgood, 1024-25. 

M, I, Pupin, 1925-26. 

C. C, Chesney, 1926-27. 
LOCAL HONORARY SECRETARIES 
X* Calle B. Mitre 519, Buenos Aires, Argentina, S, A. 

H. W« Plashman, Aus. Westinghouse Elec. Co, Ltd., Cathcart House, 
1# Castlereagh St., Sydney* N- S. W., Australia. 

Frederick M, Servos, Rio de Janeiro Tramways Lt. & Pr. Co , 

Rio de Janeiro, Brazil, S. A. 

Charles le Maifltre, 28 Victoria St., London, S. W. 1, England. 

A. S. Garfield, 45 Bd. Beausejour, Paris 16 E., France. , 

¥:• Willis, Tata Power Companies, Bombay House, Bombay, India. 
Guido Semcnza, 39 Via Monte Napoleotie, Milan, Italy, 

P. H, Powell, Canterbury College, Christchurch, New Zealand. 

Axel ^F. Enstrom, 24a Grefturegatan, Stockholm, Sweden. 

W. Elsdon-Dew, P. O. Box 4503, Johannesburg, Transvaal, Africa. 

A. I. E. E. Committees 

GENERAL STANDING COMMITTEES 

« » EXECUTIVE. COMMITTEE 

B. Gherardi, Chairman, 195 Broadway, New York, N. Y, 

C. C. Chesney, H. A. Kidder, I. E. Moultroo, 

G. A, Hamilton,^ G. L. Knight, % E. C. Stone, P 

FINANCE COMMITTEE 

H. A. Kidder, 'Chairman, COO W. 69th Street, New York, N. Y. 

G. L. Knight, E. B. Meyer. 

MEETINGS AND PAPERS COMMITTEE 
H- P. Charlesworth, Chairman, 106 Broadway, New York, N. Y. 

E. K. Hubert, Secretary, 33 W. 39th St., New York, N. Y. 


*Norvin Green, 1884-5-6. 

♦Franklin L. Pope, 1886-7. 

*T. COSIMERFORD MARTIN, 18S7-8 , 
Edward Wrston, 1888-9. 

Eliuu Thomson, 188-9-90. 

♦William A. Anthony, 1890-91, 
♦Alexander Graham Bell, 1891-2. 
Frank Julian Sprague, 1892-3, 
’♦Edwin T. Houston, 1893-4-5, 

♦Louts Ouncan, 1805-6-7, 

♦Francis Bacon Crocker, 1897-8, 
•A. B, Kennelly, 1898-1900. 

’♦Carl Hering, 1900-1. • 

’•Charles P. SteinmeItz, 1901-2. 
Charles F. Scott, 1902-3. 

Bion J, Arnold, 1903-4. 

John W, Lieb, 1904-5. 

♦Schuyler Skaats Wheeler, 1905-0, 
♦Samuel Sheldon, 1903-7, 

♦Deceased. 


E. E, F. Creighton, ' J. E. Macdonald, ' ’ L. W. W. Morrow 

a'm E ' B ' Moyer ' H - S - Osborne, ' 

A. M. fttyeCutcheon, O, ]$, Skinner. 

Chairman of Committee on Coordination of Institute Activities, ex-officio. 
Chairmen of technical committees, ex-officio, 

* PUBLICATION .COMMITTEE 
£* 5/ id ay ^ r » Chairman, 80 Park Place, Newark. N. J. 

H. P. Charlesworth, P. L. Hutchinson, L. P. Morehouse. 

•*“ Donald McNicol, 

COMMITTEE ON COORDINATION OF INSTITUTE ACTIVITIES 
c' n' P o <5 Lr W . i, L°- UBhhy Sl9 '- Brooklyn, N. Y. 

H. p". Charieswort'h, 

BOARD OP EXAMINERS 

E \P’ E ^ erit « Chairman, Southern Now England Telephone Co.. 

Newell oven, Conn. 

S.P. Grace, Charles D. Knight, 

Erich Hausmann. p. V, Magalhaes, 

A, H, Kehoe L. W. W, Morrow, 

SECTIONS COMMITTEE W ' *' S1 ' Chter ' 

Ffi£ss*r-- ’taa Md - 

. _ , D. M. Simons, 

Chairmen of Sections, ex-officio. 


11 U IV XLn 

H. C. Don Carlos 
H. W. Drake, 

F. M. Farmer, 
Harold Goodwin, 


COMMITTEE ON STUDENT BRANCHES 
J, L. Beaver, Chairman, Lehigh University, Bethlehem, Pa. 

C. E.«Magnusson, Charles F. Scott, W. IT. Timbie. 

R. W. Sorensen, 

Student Branch Couselorns, ex-officio. 

MEMBERSHIP COMMITTEE , 

E. B. Merriam, Chairman, General Electric Co., Schenectady, N. Y. 

R. B. Bonney, J. J. Frank, S. H. Mortenscn, 

G. 0. Brown, F. R, George, L. J. Stacy," 

E, S. Code, M. B. Hastings, George J. Yundt. 

. ( George M. Keenan, 

Chairmen of Section membership committees, ex-officio, 

HEADQUARTERS COMMITTEE 

G. L. Knight, Chairman. Pearl & Willoughby Sts., Brooklyn, N. Y. 

P. L. Hutchinson, H. A. Kidder, 

LAW COMMITTEE 

C. O. Bickelhaupt, Chairman, Southern Boll Telephone & 
Telegraph Co’., Atlanta, Ga. 

H. H, Barnes, Jr., E. B. Merriam, W. I. Sllehter. 

R. F. Schuchardt, f 

PUBLIC POLICY COMMITTEE 
H. W. Buck, Chairman, 49 Wall Street, New York, N. Y. 

Gano Dunn, John W, Lieb, M. I. Pupin, 

- - tt—*- T 


F. B. Jewett, 


Villtatn McClellan, 


Harris J. Ryan. 


C, C. Chesney, 
N. A. Carle, 
George Gibbs, 
John W. Howell, 
E. B. Craft, 


STANDARDS COMMITTEE 

J. F. Meyer, Chairman, Bureau of Standards, Washington, D. C. 

H. E. Parrer, Secretary, 33 W. 30th St., New York. 

H. A. Kidder, H. S. Osborne, G. E. Skinner, 

A. M. MacCutcheon, F. L. Rhodes, W. I, Slichter, 

F. D. Newbury, L. T. Robinson, R. H. Tapscott, 

... Ex-Officio 

Chairmen of Working Committees. 

1 Chairmen of delegations on other standardizing bodies. 

President of U. S, National Committee of I, E. C, 

EDISON MEDAL COMMITTEE 
Appointed by the President for term of five years. 

(Terms expire July 31, 1928) 

Robert A. Millikan, M. I. Pupin, Chairman, 

(Terms expire July 31,1929) 

W. C. L. Egfin, John W. Lieb. 

(Terms expire July 31, 1030) 

Samuel Insull. Ralph D. Mershon. 

(Terms expire July 31, 1931) 

L. F. Morehouse, David B. Rushmore. 

(Terms expire July 31, 1032) 

Paul M. Lincoln, C. E. Skinner, 

Elected by the Board of Directors from its own membership for term of two years, 
„ „ T , (Terms expire July 31, 1028) 

B. G. Jamieson, H. A, Kidder, G. L. Knight. 

_ _ , m (Terms expire July 31,1029) 

H. P. Liversidge, E. B. Meyer, I. E, Moultrop. 

n , .. . Ex-Officio 

Bancroft Gherardi, President, t George A* Hamilton, National Treasurer, 
F, L. Hutchinson, National Secretary. 

COMMITTEE ON CODE OF PRINCIPLES OF PROFESSIONAL CONDUCT 
John W. Lieb, Chairman, 124 E. 15th Street, New York, N. Y. 

A, H, Babcock, R. D, Mershon, C. E. Skinner, 

G. Faccioli, L. F. Morehouse, John B. Whitehead. 

„ _ ^ COMMITTEE ON AWARD OP INSTITUTE PRIZES 

H. P. Charlesworth, Chairman, 105 Broadway, New York. N. Y. 

E. B. Meyer, F. W, Peek, Jr. 

TV r COMMITTEE ON COLUMBIA UNIVERSITY SCHOLARSHIPS 
W. I. SHchter, Chairman, Columbia University, New York, N. Y. 

Franci»Blossom, H, C. Carpenter. 

. _ _ . COMMITTEE ON SAFETY CODES 

J. P. Jackson, Chairman, 130 E. 15th St., New York, N. Y. 

Philander Betts, H. B. Gear, W. T. Morrison, 

J.E. Brobst, F.C. Hanker, R, H. Nexsen. . ■ • 

? r :J* T p a ” a< ^ a, H. W. Leitch, Farley Osgooii, 

J* Y* 5v*. P uer » M* 0* Lloyd, H, R. Sargent, 

L. L. Elden, Wills Maclachlan, W. H. Sawyer, 

J. C. Forsyth, R. W. E. Moore, H, S. Wairen. 

SPECIAL COMMITTEES 

LICENSING OF ENGINEERS 

Francis Blossom. Chairman. 52 William Street, New York, N. Y, 

H. W. Buck, Gano Dunn, E. W. Rice, Jr. 

L. E. Imlay, 

ADVISORY COMMITTEE TO THE MUSEUMS OF THE PEACEFUL ARTS 
J. P. Jackson, Chairman, 130 E. 15th Street, New York, N. Y. 

Randolph H. Nexson, George K. Thompson, 

TECHNICAL COMMITTEES 

AUTOMATIC STATIONS 

Chester Lichtenberg, Chairman, 6901 Elmwood Ave„ Philadelphia, Pa. 

P. H. Adams , P. E. Hart, O. Naeff 

Caesar Ant°mono, Josepti Hellenthal, ** " T 

P; A v Butcher, S. J. Lisberger, 

M, S. Coover, G. H. Middlemiss, 

W. P. Hammond, W. H. Millan, 

COMMUNICATION 

H N?w York e, hP h Y ’ rmaTl ’ Western Union Tele ff ra P h Co?, 196 Broadway, 

G, R. Benjamin, S. P, Grace, 

F* Charlesworth, Erich Hflusmann 

?’ hr Chesterntan, P. J. Howe, 

L. W. Chubb, •?. H. Kroger, 

J. L. Clarke, R. H. Mansen, 

C. E. Davies, R. D, Porker, 

R. D. Evans, S. R. Parker, 

E. H. Etent, H, S. Phelps, 

J). H, Gage, 


W. Sceger, 

E, C. Stone, 
L. J. Turley, 

F. Zogbaum. 


F. A. Raymond, 
Chester W. Rice, 
r C. A, Robinson, 
J. K. Roosevelt, 
H.^A. Shepard, 

J. P. Skjrrow, 

H. M. Turner, 

K. L. Wilkinson. 
F. A? Wolff. 
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INSTITUTE AND RELATED ACTIVITIES 


EDUCATION 

P. M. Lincoln, Chairman, Franklin Hall, Cornell University. Ithaca, N. Yt 


C. A. Adams, W. C. L. Eglin, liaroia renaej*. 

J. Loring Arnold, D. C. Jackson, Jr- W. L. Robb. 

Edward Bennett, J * P • Jackson, £ • ^ 

Louis D. Bliss, Charles L. KmhIoq, J,B. Whitehead, 

C. V, Christie, John Mills,. W- R. Whitney, 

Nelson J. Darling, H. IT* Norris, ^ * D. Wickenaen* 

R. E. Doherty, 

# ELECTRICAL MACHINERY 

F. D. Newbury, Chairman, Westinghouse Elec. & Mfg. Co., East Pittsburgh, Pa. 
W. W. Spratt, Secretary, Wcstinghouse Elec. & Mfg. Co., East Pittsburgh, Pa. 
C. A. Adams, W.J. Foster, H, C. Louts 

P L. Alger C. M. Gilt, A. M. MapCutcheon, 

B, P. Bailey, H. M. Hobart. V. M. Montsinger, 

B. L. Barns, B. G. Jamieson, S' S' §*9"®* 

W. M, Dann, A. H. Kehoe, R- B. Williamson. 

C. W. Kincaid 


Harold Pender, 

W. L. Robb, 

R. W. Sorensen. 

J. B. Whitehead, 
W. R. Whitney, 
IV. E. Wickenaetu 


W. M, Dann, 


ELECTRIC WELDING 

J. C. Lincoln, Chairman, Lincoln Electric Co., Coit Road & Kirby Ave., 
Cleveland? Ohio. . 4 „ . T 

C* A. Adams, Alex. Churchward, Ernest Lunn, 

P. P. Alexander, 0. II. Eachholx. J. W. Owens. 

C. W. Dates, P. M- Farmer. William Sprarager 

Ernest Bauer, IT. M.JTobart, H. W» Fobcy, i 


A. M. Candy, 


C. J. Holslag, 
C. L. Ipscn, 


William Spraragen, 
H. W. Tobcy, 
Ernest Wanamakcr. 


ELECTROCHEMISTRY AND ELECTROMETALLURGY 
G. W. Vinal, Chairman, Bureau of Standards, Washington, D. C. 
Lawrence Ad dicks, E. B. Dawson, !• A. Sce X e ' 

A. N. Anderson, P; A. J.FitXfforald, Magnus TJnser, 

T. C. Atchison. W. E. Holland, John B. Whitehead, 

Farley G. Clark, . F, A. Lidburv, J. L. Woodbridge, 

Snrtord K. Colby, C. G, Schluedorborg. J- L. Yard ley. 


C* G. Schlue dor berg, 


. Yardley. 


R. A. Millikan, , 
C- A. Nicklo, 


. Smith, 
aitahead. 


electrophysics 

V* Karapet of!, Chairman, Cornell University, Ithaca, N. Y. 

O. E. Buckley, Vice-Chairman. f v 

Carl Kinsley, Secretary, 22 Lynwood Rond, Scnradale, N. Y. 

V. Bush, I- ?• H* Douglas, R. A. Milhknn,. 

F. M. Clark, C. L. Forteseue, y r JS' ^^klo, 

W. D* Coolidgo, A. Himd, • J* klcpian, . 

W. F. Davidson, W. B- Kouwenhoven, Trying B. Smith, 

IC. B. McEnchron,. J* B. Whitehead. 

Liaison Representatives of American Physical Society 
W. F, J. Swann, A P. . Wills. 

instruments and measurements 

Everett S. Lee, Chairman, General Electric Co., Schenectady, N. Y. • 
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H. C Forbes, Secretary, N- Y* Edison Co., 130 E, loth St., New York. N. Y. 
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R. N. ConwelL J. P. Joliyman, P.I^Thomna, 


R, E. Argersinger, 
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T. F. Meyer, John C, Parker, C. E. Skitmor. 
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C, C. Cheaney. Bancroft Ghcrardi, M. I. Pupin. 
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D. D. Ewing, A, F. Way. 
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SOCIETY FOR THE PROMOTION OF ENGINEERING EDUCATION 
BOARD OF INVESTIGATION AND COORDINATION 
Gano Dunn, # Frank B. Jewett. 
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F. C. Nesbitt 

Connectkt^ 
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R. D, DeWolf 

St. Louis 

L, F. Woolston 

San Francisco 

W. L. Winter 

Saskatchewan 
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Catholic University of America, Washington,- D. C.. 
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R. C. Taylor 
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W. C. DuVall 
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Wilfred Henschel 
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Drexel Institute, Philadelphia, Pa,.. 
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Duke University, Durham, N. C... ,., 
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P. A. Bevacqua 
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D. M, James 

W, E, Freeman ^ 
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New York, College of the City Of, 139 th St. & Convent Avo., New York, N. Y 
New York University, University Heights, Now York, N, Y. 

.. .Joseph Leipziger 
♦.. J. F, Torpie 

Hi ±j. Kose 
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North Carolina State College, Raleigh, N. C.,. f t 

North Carolina, University of, Chaool Hill. N. C........ 

North Dakota, University of, University Station, Grand Forks, N* D. . 

Northeastern University, 310 Huntington Ave., Boston 17, Mass... 

Notre Dame, University of, Notre Dame, Ind. 

.,, J. C. Davis 
,,,D M. Holshouser 
,, .Alfred Botten 
. . ,L. A. Smith 

T. C. Farmer 

W, C. Burnett 

Nels Anderson 

C, S- Porter 

J. Loring Arnold 

C. W, Ricker 

P. H. Daggett n 

D. R. Jenkins 

Wm. L, Smith 

J. A. Caparo 

I. S Campbell 

F. C. Caldwell 

■ ii 

Ohio Northern University, Ada. 0. 

Ohio State University, Columbus, 0... 

...John Simmons 

Verl Jenkins 

" m 

Ohio University, Athens, 0. 
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Oklahoma A, & M. College, Stillwater, Okie. 

Oklahoma, University of, Norman, Okla.. 

.. .Benny Fonts 

Hi W• L>16 SCgkc 

Jerry Robertson 

S. Hannon 

A A, Atkinson 

Edwin Kurtz 

F. G. Tappan 
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Oregon State College, Corvallis. Oro. 




Pennsylvania State College, State College, Pa...? 

Pennsylvania, University of, Philadelphia, Pa. 

,.. Carl Dannerth 

* Wm* Hi 

Richard Sotterstrom 

W, J. Gorman 

O ft Tjf M HMA M T 

F. O. McMillan 

L. A. Doggett 

Ci D. Fawcett ^ 

H. E. Dyche 


Pittsburgh, University of, Pittsburgh, Pa. 
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. m V A. Witiff 

Ok i\k >Yarren t jr, 
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Princeton University, Princeton, N. T.. 
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Purdue University, Lafayette, Indiana. 

ii\.4 tt 4 uAucLjrcgoi f jr« 

T-T . T T,Inr1<afrAtn 

w 4 wuson 

IT A WrtT«laTi 

Malcolm MaeLaren 

A, N- Topping 

F. M. Sebast 

xi tIH 

Rensselaer Polytechnic Institute, Trov. N, Y. 

Rhode Island State College, Kingston, R. I... • 
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...W. F. Hess 

P,. Tv. R,flfnrrtnlro 

Aii a« xifliriey 

S. B. Morehouse 

Ohorlna AT 111 n** 
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Rose Polytechnic Institute, Torre Haute. Ind. 

* t ♦ v» r t ui uuKy 

,. .Arthur Dronipp 

Hilaries ivinior 

J, P. Payne 

J. E. Conover 

P TJ Nflrofnfi 

Wifti Andersoa 

C. G. Knipmeyer 

P. S. Creager ~ 


Rutgers University, New Brunswick, N. J. . ... 

Santa Clara, University of, Santa Clara. Calif.. r ., 

...N, A, ICieb 
..,R, P. O’Brien 


South Dakota State School of Minos, Ranid City, S. D... 

...D, A, White 
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South Dakota, University of, Vermillion. S. D. 

... Stanley Bocgler 
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J, u, Kara merman 
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Southern California, University of, Los Angolcs. Calif. 

Stanford University, Stanford University. Calif. 

,. .Lester Bateman 
. •, D. E, Chambers 

xj » iki wruWvii 

L, P. Slozak 

T. L. Lenzen 

Sr J. Tracy 

W T? DptiWiffiio. 

n, ii. israckett 

P, S, Biegler ^ 


Stevens Institute of Technology, Hoboken. N. T.. 

Swarthmoro College, Swarthmore, Pa. 

,,. W. N. Good ridge 
. i *T. C, Lightfoot 

F/C. Btockwoll 

Lewis Russell 

r - tlM 

Syracuse University, Syracuse, N. Y. 

Tennessee, University of, Knoxville, Tcnn.._ . 

Texas, A, & M. College of, College Station. Texas. .. 

Texas, University of, Austin, Texas... 

Utah, University df, Salt Lnko City, Utah..,.. 

Virginia Military Institute, Lexington, Va...... 

Virginia Polytochnlc Institute, Blacksburg, Va.... 

Virginia, University of, University. Vn... , t 

Washington, State Collego of, Pullman, Wash,.... 

Washington University, St, Louis, . .............. 

Washington, University bf. Seattle, Wash.. + r : 

Washington and Leo University, Lexington, Va.,.. * ... . „. 

West Virginia UnlvorsHy, MpTgantown* W. Va........ - 

,,,E, D. Lynde 
... J, R. McConkey 
,,.J.L, Pratt 
.,,. G. E. Schade 
♦. ,C. E, White 
,..,P. Barkus 
».R, M. Hutcheson ■ 

,, ,H. D, Forsyth 
,,, Harry Wall 
..,R. L, Belahe 
.♦..Wni, Bolster 
,...R, E, Kepler 
i ♦., G. B, Pyles 

TT 1 -I. p L/C 11 AfldUsr 

R. C. Miles 

R, L, Harvey 

H, W, Whitney 

L, R. Bagwell 

Junior Petterson 

E. F. James 

C. H. Davis, Jt, 

E, G. Peters 

J, G. Mazaneo, Jr, 

Arthur Peterson 

Bernard Yoepp 

C, C. Coulter 

C. W. Henderson 

C, A. Perking 

C. C, Yates 

J, A, Correlt 

J. F. Merrill 

S. W, Anderson 

Claudius Lee 

W. S. Rodman 

R. D. Sloan 

H. G, Hake 

G. L. Hoard 

R. W. Dickey 

A. H. Forman 

ill 

Wisconsin, University of, Madison, Wis.. t . f . 

i.. .John Sargont 

Leonard Saari 

M, A. Swanson 

C. M. Jansky > 

H. A. Maxfield 

• ' • >} 

Worcester Poly toddle Inslltuto, Worcester, Mass....•. 

,. «A, M, Tatbox 


Wyoming, University of, Laramie, Wyoming....... 

Yale University, Now Haven, Conn. t „ T ,,,,, ■. , , , ,,, , 

,#.J. O. Y,teg 

W T. Tlffiwrt 

E. C* Moudy 

W T # K*llv Tr # . 

G. H. Seohrist 

C. F, Scott 
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DIGEST OF CURRENT INDUSTRIAL NEWS 






NEW CATALOGUES AND OTHER PUBLICATIONS 

Mailed to interested readers by issuing companies 

Portable Instruments. —Bulletin GEA-158A, 30 pp. 
Describes portable instruments for alternating- and direct-current 
testing. General Electric Company, Schenectady, N. Y. 

Recording Instruments.— Bulletin 362, 28 pp. Describes 
Bristol’s recording instruments for power plants, and illustrates 
typical installations. Tlie Bristol Company, Waterbury, Conn. 
, Railroad Electrification.— Bulletin GEA-150A, 44 pp. 
Describes the electrification of the Chicago, Milwaukee and 
St. Paul Railway. General Electric Company, Schenectady, N. Y, 

Circuit Breakers.— Bulletin 16, 4 pp. Describes Pacific 
^type MS-1 control mechanism for oil circuit breakers of the 
vertical plunger type. Pacific Electric Manufacturing Com¬ 
ity, 5815 Third Street, San Francisco; Cal 

Laboratory Apparatus. —Bulletin GEA-39, 60 pp. 

• Ascribes electrical laboratory apparatus and educational 
service for technical high schools and vocational schools, Gen¬ 
eral Electric Company, Schenectady, N. Y, 

t History of the Hazard Companies. —Booklet, 12 pp. ( 
“Fathers of Industry, n is a brief historical sketch of the Hazard 
complies and their founders covering a period of more than one 
hundred years. Hazard Manufacturing Company, Wilkes- 
Barre, Pa. * 

Alternators. Bulletin 151, 20 pp. Describes six different 
types of alternators. Contains tabulations of dimensions for 
outline prints, The flywheel effect requirements for engine 
driven alternators is thoroughly explained. The Ideal Electric 
& Manufacturing Co,, Mansfield, Ohio. 

■ NOTES OF THE INDUSTRY 

_ Corning Glass Works Appoints Representative.— The 
Corning Glass Works has appointed Glenn A..Briggs as repre¬ 
sentative at 2351 Cambridge Avenue, Chicago, to handle only 
fhe sales of Pyrex Power insulators in the middle west territory 

Burndy Engineering Company, Inc., 10 East 43rd Street, 

* New York, has been appointed distributor of “Everdur” 
a new alloy by the American Brass Company. This material 
consists of copper, silicon, and manganese, having unusual 
properties of strength and corrosion resistance. The alloy will 
be stocked by the Burndy Engineering Company in all basic 
forms, and* tho company is also in a position to supply all castings 
and forging^ of this material. 

. A New Centrifugal Pump Unit.—The type SSU centrifugal 
pumping* units recently brought out by the All is-Chalmers 
Company are combined motor and pump units of simple and 
compact design, the complete units being not much larger than 
a motoj alone. As both the pump and motor parts are built 
and guaranteed by the same manufacturer there is no divided 
responsibility, The* pumps are built in sizes U p to 2U x 2U 
inches and can be used with motors up to seven and a half horse¬ 
power. .V 

_ Th e_ GUb y Wire Company has moved to its new plant on 
Riverside Avenue, Newark, N. J., located between the Riverside 
and Woodsido Stations of the Erie R. R. The new plant has 
practically twice the floor spaoe previously occupied, and there 
ia ample room for additional buildings, as required. Wilbur B. 
Driver, president, Walter Gilby, treasurer and William Wind 
secretary, were all associated for many years with the Driver- 
ffarns Company, of which Wilbur B. Driver was founder. 

J' ' Mar,s * vice-president, electrical engineer and metallurgist, 
Company ^ ^ 0,6 Westi ^ hou “ Electric & Manufacturing 

fch! n TTuufr«r^ l ‘! mP S fJT~ SaI . os «°* f ^descent lam^ in 
h U i ed States during 192? total approximately 320,000 000 

3^“. f'°T^l Ifynps* according to a review of 
the electrical industry for the j;ear by John Liston of «.e General 


ei*mr.irri...ninii,WM*HM*«^..H«i« W mKn l «w m **«* 1 , wl ,^ immi ^. . 

Electric Company. This is an increase of about 8,000,000 or 
2 P 01 ’ 0Gnt il1 toe large sizes over 1920 and 16,000,000 or 8 
per cent in the small sizes over the previous year. “Sales the 
past year were the largest in the industry,** says Mr. Liston; 
‘Hu ten years the sale of large lamps has doubled and that of 
the small lamps lias tripled. The year has also seen a noticeable 
increase in the sales of 10,000 watt lamps, the largest in com¬ 
mercial production, which wore developed for motion picture 
studio use. These big lamps arc now being widely used for 
aviation field lighting. 1 ’ 

Cop per weld Steel Company in New Plant.— With the 
removal of its main office from Rankin to its new twenty-acre 
mill at Glassport, Pa., the Copperweld Steel Company announces 
that headquarters of both tho sales and engineering departments 
will he at Glassport. The personnel of these departments, as 
now constituted, is as follows: Robert J. Frank, vice-president in 
charge of sales; Stanton Hertz, formerly electrical engineer, 

• becomes sales manager; Rolf Selquist, formerly assistant electri¬ 
cal engineer, has been appointed electrical engineer; Wm. Jay 
Mcllvane has been appointed district manager with head¬ 
quarters at New York. Erich G. Elg becomes district manager 
with headquarters at Chicago. S. II. Burr, formerly inspector 
and hue material specialist at both the Buffalo and New York 
offices of tho Graybar Electric Company, has joined the engineer¬ 
ing department of the Copperweld Steel Company, with head¬ 
quarters at New York. 

Review of 1027 and Outlook for 1928.— Gerard Swopo, 
president of tho General Electric Company, in reviewing business 
eomhtions for the past year anti commenting on the outlook for 
in >"™°° n ^ ysn * d: The electrical manufacturing business for 
w f has, on the whole, been satisfactory, and about the same in 
volume as the previous year. The use of electric current in 
Jiomes and factories has increased 7 per cent over 1926, and with 
the exception of 1921 has shown an increase each year since 1919 
when the mdox was first prepared, and the consumption in 1927 
was more than double what it was in 1919. This is becoming one 
ot the best indices of general and industrial conditions in America. 
Tlie outlook ft* 1928, is on the whole, favorable. Economic 

1°!“ S T d aud thG sa Jisfaction of the demand of 

’ ’ people should provide ample business activities 

with the usual attendant improvement in the art. Earnings of 
abor have never been so high and witli a continuance of good 
steadier eain ’ nes sho,lltl continue and employment become 

William p. Palmer, president of the Amorioan Steel & Wire 
Company since 1889, died at his home in Cleveland, December 17. 
He was formerly secretary of Carnegie, Pliipps & Company, 
assistant to the president of the Carnegie Steel Company and 
second vice-president of the Illinois Steel Company. He was 
also a director of the United States Steel Corporation. ' ■ 

James S. Keefe, Vice-president of the American Steel & Wire 
Company for twenty-seven years, has been elected its president. 

Harvey Hubbell, president of Harvey Hub bell, Ino„ Bridge- . 
port. Conn., manufacturers of electrical devices,'died on Decem¬ 
ber 17, in that city. Mr. Hubbell had to Ins Credit more than 
one hundred patents for his inventions in 'electrical switches ' 
and sockets and machine tools. He was born in Brooklyn 
.'J” a “ d 1 ' eoeivod bis technical education at Cooper Institute 
in Hew York. In 1888 Mr.*Hubbell established a small plant 
in Bridgeport, which has grown steadily to its. present imposing • 
dimensions. , • c B 

_ At a meeting of the Board of Directors of tlie company on 

December 27, Hai ' voy Hubbell, Jr. was elected president and 
treasurer ° succeed his father. He.was associated with the' 
jler Hubbell an the management of the business for a number 
of years. No changes ih the established policies of the company 
are contemplated. ^ 1 y 
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OF THE A, I. E. E. 


Dbvothd to the Advancement of the Theory and Practise of Electrical Engineering and the Allmsd Arts and Sciences 

, , IwMute w no/ responsible for the statements and opinions given in the papers and discussions published herein. ' 

. These are the Diews °f individuate to whom they are credited and are not bindi ng on llw membership as a whole. 

Vol. XLVII FEBRUARY, 1928 ' , Numbed 

Electrical Coin niimication 

at the Winter Convention 

One of the outstanding features of the coming 
Winter Convention is the “Electrical* Comriiunication” 
session, scheduled for Thursday morning, February 16. 

At this session greetings will be exchanged between 
the Institute and its sister society in London, England, 
by radiotelephone which will be heard by the members- 
of both societies at meetings held simultaneously. 

Nothing could better illustrate the wonderful and 
spectacular advances in the art of electrical communi¬ 
cation than a comparison of this meeting with one held 
by the Institute twelve years ago under the leadership 
of General John J, Carty, at that time president of the 
A. I. E. E. 

On May 16,1916, a National Meeting of the Institute 
was held simultaneously, by means of long distance 
telephone, in Boston, New York, Philadelphia, Atlanta, 

Chicago and San Francisco, with President Carty 
presiding over the entire meeting. The auditoriums 
in the six cities where the meeting was held were 
Connected by telephone; and each of the 4500 mem¬ 
bers in attendance was provided with an individ¬ 
ual telephone receiver. In addition, the Salt Lake 
arid Denver Sections of the Institute were co nn ected 
to listen in, but owing to the danger of interruption 
could not take active part in the meeting. The meet¬ 
ing was addressed by some of the leading engineers 
and educators of the country, and being the first 
meeting of its kind attracted nationwide attention. 

President Woodrow Wilson sent a telegram from the 
White House, Washington, congratulating the Insti¬ 
tute on its work of developing the country's resources. 

At the dose of the meeting, the following resolution 
presented by Prof. Harris J. Ryan at San Francisco, 
was passed: 'V..F 


electrical communication. The developments in radio 
have abolished .the need of physical connection .by 
wire, and the introduction of loudspeaker* has done 
away with the need for individual telephone receivers, 
so that the national meeting of 1916 is succeeded 
by an international meeting in 1928 under the leader* 
ship of President Gherardi. At this meeting greet¬ 
ings will be exchanged between two countries separated 
by 3000 miles of ocean; wired communication will 
be replaced by wireless, and individual receivers are 
made unnecessary by • the public address systdtn. 
Today electrical communication is practically inde-. 
pendent of distance, time, and wired connection, and* 
of a quality which leaves but little room for 
improvement. 

Notwithstanding the phenominal advances rin- this 
art the last word has by no means been spoken, 'arid 
successful laboratory experiments have pointed ttfe way 
to the commercial development of future improvements. 
Only a few days ago an experiment was reported in. 
which the voice - from a loudspeaker at the Bell Tele¬ 
phone Laboratories was distinctly heard on the opposite „ 
bank of the Hudson River, over a mile away, tele¬ 
vision has reached a successful laboratory stage during* 
the past year and its commercial development is cer¬ 
tainly but a matter of time. ‘Communication both by 
sight and hearing between all the nations of the world 
seems to be indicated as a not far distant accom¬ 
plishment. • • 
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Resolved, that this national mooting of tlio American 
Institute of Electrical Engineers at Boston, San Francisco, 
Atlanta, Chicago and New York now assembled, does hereby 
express its deep appreciation of the efforts of all those who have 
oooporated in the holding of suoh a meeting, which is now for 
the first time held in an^ country; and that a record of the 
proceedings of^thig meeting which is made possible by the 
inventive ’genius ♦and by the engineering ability of its own 
membership, be spread upon the nilhutes of the Institute, 
Where for generations to come it will spiv© as an inspiration to 
engineers everywhere, and will mark an epobh in the history 
of Engineering achievement, - - 

During the twelve years which have Intervened; 
tremendous strides have been taken in the field of 


New Airway Lighting 
on Pacific Coast 

In its program of lighting important air-mail and 
commercial airways, the Bureau of Aeronautics, 
Department of Commerce, has recently let additional 
contracts for the lighting of 390 miles of airway between 
San Francisco and Los Angeles, and surveys have been 
completed for extending the lighting to Redding, 
California. . • ‘ . ,, F'.'F'' 

• f 

The government also has under way plans whic^ 
call for completion of airway lighting between' J§|p 
Angeles and Seattle, Los Angeles and Salt Lake;-City; 
and San Francisco and Salt Lake City within the 
coming year, a total distance of approximately 2500 
miles. Rev ’ ‘ ’ 

15 miles and 

30 miles. Central station service will be utilized where 
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>• Revolving beacon lights are to be placed every 
iles and illuminated emergency landing fields every: 
iles. Central station service will be utilized where ; 

available, otherwise a 2-kw. gas engine set \vill be •* 
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NOTES AND COMMENTS 
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j§ppins|talled for beacon lights and a 4-kw. set for emergency 
f|§ landing fields. . 












Some Leaders 

of the A. I. E. E. 

* William Joseph Hammer, Vice-President of the 
Institute (1891-2 and 3), Manager (1893-4-5 and 6) 

. and a Life Member and Fellow, was born at Cressona, 
Pennsylvania, Beb. 26, 1858. His early education was 
acquired at private and public? schools in Newark, 
N. J., supplemented by attendance at university and 
technical school lectures abroad. 

In L&78 he became an assistant to Edward Weston 
in the Weston Nickle Company and in Dec. 1879 

• entered Edison’s laboratory at Menlo Park, N. J. 

• aa general assistant. For a tinie he had charge of the 
tests and records on the incandescent lamps and in 1880 

‘ .‘was made the first chief electrician of the Edison Lamp 
Works which turned out 50,000 Edison lamps the first 
year. In October 1881 he was sent by Mr. Edison to 
the Pa^is Electrical Exposition, on his way to London to 
become chief engineer of the English Edison Co. Here 
he constructed tho first central station for incandescent 
electric lighting in the world at Holborn Viaduct which 
started up Jan. 12,1882. At the same time he installed 
the large plant using 12 Edison dynamos, at the Crystal 
Palace Electric Exposition and Edison’s Paris Exhibit. 

In 1883 he accepted the post of chief engineer of the 
German Edison Company, (now known as the Allege- 
meine Elektricitaets Gesellschaft), putting in many 
plants throughout Germany. Mr. Hamhier invented 
the automatic motor-driven "flashing” electric lamp 
sign (now universal) placing it upon the Edison Pavilion 

• *at the Berlin Health Exposition in 1883. In 1884 he re¬ 
turned to the United States, taking charge of Mr. Edi- 
sen’s personal interests and 8 Edison Companies, exhib¬ 
its at the Franklin Institute Elect. Exhibition later be¬ 
coming confidential assistant toPresident Johnson of the 
parent Edison Company, and, with E. H. Johnson and 
Frank J. Sprague, an incorporator and trustee of The 
Sprague’Company and its first secretary. In 1884-5 he 
was chief inspector of Central Stations of the Edison 
Cdinpsjny. In 1886-7 he was chief engineer and general 
manager of the Boston Edison Company. Acting as a 
contractor, he laid $140,000. worth of Edison under- 

: ground tubing and with the Sprague agents installed 
t§ *98 Sprague motors, Later acting as an independent engi- 
« neer, he completed the lighting plant of the Ponce de 
Leon Hotel at St. Augustine, Fla.» overhauled the 
gt Jacksonville Edison Plant which had been struck by 
lightning, and installed $40,000 worth of electrical 
;’g effects at the Cincinnati Exposition of 1888. 

*•'Sf/.-jMr. Edison appointed him his personal representa¬ 
tive at the Paris Exposition of 1889. Here he set up 
and operated all Edison inventions, a work for which 
: : in 1925, (34 years later), through Jshe personal efforts of 


Mr, Edison, he was made Chevalier of the Legion of 
Honor by the French Government. 

For his elaborate experiments in telephone relaying 
between New York and Philadelphia on Feb. 4’, 1889, 
Mr. Hammer received the John Scott Medal from the 
Franklin Institute Feb. 5, 1902. Talking and music 
were sent through the air six times and through 15 
separate mediums, the physical characteristics of the 
sound waves being changed 48 times in transmission 
and broadcasted by telephone from the Franklin 
Institute to .14 cities. Some of these experiments were 
repeated before the Electrical Jury at Paris in 1889. 
In 1896 he was president of the National Conference 
upon Standard Electrical Rules which originated “The 
National Electric Code,” vice-president of the New 
York Electrical Society and The Aeronautical Society. 
Also expert and secretary of The Aeronautics Com¬ 
mission of the Hudson Fulton Celebration (1909), and 
in 1911 published a complete Aeronautical Chronology 
of Aviation. 

In . 1906 the Franklin Institute conferred upon him 
the “Elliott Cresson” gold medal for his “Historical 
Collection of Incandescent Electric Lamps” a work of 
34 years. This “History of an Art”, also received a 
silver medal at the Crystal Palace Expo, in 1882 and 
“The Grand Prke” from the St. Louis Expo, in 1904. 

In 1902 Mr. Hammer brought from the Curie 
Laboratory in Parrs 9 tubes of radium and took 
up actively work with radium. He delivered 88 
lectures on radium before universities, colleges, 
scientific societies, etc. He wrote the first book 
published upon radium (1903) and proposed and 
used radium for cancer and tumor treatment. He also, 
in 1902, invented the “Radium*Luminous Materials" 
which are now universally used for instrument dials, etc. 
He has done considerable original laboratory work upon 
selenium, radium, X-rays, cathode rays, ultra violet 
rays, phosphorescence, fluorescence, cold light, wireless, 
etc., and has contributed much to technical literature. 

He is a Fellow of the American Physical Society, 
and the American Association for the Advancements of 
Science, was one of the founders of the Edison Medal 
Fund in 1908 and a member of its executive committee 
and President of the Edison Pioneers in 1920. During 
the World War, Mr. Hammer served as Major 
on the General Staff of the U. S. Army at the Army 
War College, Washington, D. C., being attached to the 
Inventions Section of the War Plans Division and 
later to the Operations Division at the War Depart¬ 
ment in charge of Electrical and Aeronautical War 
Inventions. He also did special work at the U. S. 
Patent Office, at times marking and holding up certain 
patents likely to convey information to the enemy and 
acting as a member of the Advisory Board of Experts 
attached tt> the Aljen Property Commission. He was 
elected Historian General of The Military Order of the 
World. War (1926-7-8) and a member of The Society of 
American Military Engineers. T „ 
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1926 Lightning Experience on 132-Kv. 
Transmission Lines 



BY PHILIP SPORN' 

Member, A, I. E. K 




General 

F IG. 1 shows the 132-kv. transmission nfetwork in 
question. It comprises approximately 910 mi. .of 
actual line, about one-third of which is double¬ 
circuit/the actual circuit miles being approximately 
1245. The major portion of this network was placed in 
operation very late in 1925, in 1926, or early in 1927. 

The system is fed by large generating stations at 
Twin Branch, Philo, Windsor, Kenova, Cabin Creek, 
Logan and Glen Lyn. It is tied in with the Chicago 
■ system and the systems of the West Penn Power Com¬ 
pany, The Ohio River Edison Company, The Ohio 


Chicago 1 V.Vnr (Vbjjj 


Twin Branch 

-- 
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-1JJ tr. IW * 1 
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Public Service Company, and the Cleveland Electric 
Illuminating Company at 132,000 volts. The short- 
circuit capacity on the system varies from appnoxi- 
mately 1750 amperes to approximately 4750 amperes, 
at 132,000 volts. Values as high as 4000 amperes have 
been actually measured. 3 From a lightning standpoint, 
the network as a whole is subjected to thunderstorms 
considerably in excess of the average over the country 
: as a whole. The isoceraunic lines, i. e., lines connecting 
71 points of equal thunderstorm intensity, for the territory 
in question ranged from 40 to 60 in April, 150 to 200 in 
June and July,•and down to about 60 to 80 in Septem¬ 
ber. All these figures are based on a 20-year period. 

1. Electrical Enfer., Am. Gas & Electric Co., New York, N. Y. 

3.* Tests of High- and Low-Volicige Oil Circuit Breakers, 
Spotn and St, Clair, Journal A. I. E, E, ( July 1927, p. 698, 

Presented at the Win for Convention of the L B. E.*New York, 
* M- Y., Feb. 18-18 , 1928. 9 Complete copies on request. 


Description op Lines and 1926 Performance • g. - 
In Table I there is given a description of the physical 
characteristics of the various portions of the 132-kv. 
network under discussion. • * 

Examining Table II,* it will be noted, first, that 
the largest number of lightning outages occurred 5n 
the Twin Branch-Lima line. This line checks up with 
similar performance on the Lima-Fostoria line,’,and 
on the Philo-Crooksville line. On the basis of 100 line 
mi. the largest number of interruptions occurred on the * 
Glen-Lyn-Roanoke line, but this figure is of course 
subject to the weakness that the line was in service for 
,6 months only, and there is no way of checking Lip * 
whether the ratio employed for figuring the yearly 
number of interruptions was correct for the entire year. 

Of the lines that were in service for an entire < year 
the largest number of interruptions per 100 mi.,oLline 
was sustained by the Logan-Turner line., This is a line 
that has no ground wires and, in addition, passgs 
through especially rugged country. The length of the 
insulator string on this line is particularly short (as 
shown in Table I) being, in fact, shorter than that of 
any other line with the exception of the Windsor- 
Canton line. Expressed in circuit miles, however, the 
record is rather good. ’y 

The Roanoke-Reusens line is jJiird in the number of 
interruptions per 100 mi. of line, but the figure for a 
whole year was again obtained by a ratio, and is open to \ 
the same objections as the figures for the Glen-Lyn- , 
Roanoke, lines. The Philo-Canton and the Windsor- 
Canton lines, in spite of the fact that the Philo-Cantonv 
line generally is exposed to more severe storms than the 
Windsor-Canton line, have practically the same record 
for the year 1926, when reduced .to a IGO-mi. basis. 
The Windsor-Canton line, has two ground wires . 
and is considerably lower than the Philo-Cantdn line 
which has only one ground wire. The record during 
1926 would seem to show that, from the standpoint 
of reliability, the Philo-Canton line, even, tlfough 
it has only one ground wire, has 13oen put on a 
plane of apparently equal to that of the Windsor-Canton 
line. From the data gathered on the. Glen-Lyn-^;.* 
Reusens line and Roanoke-Reusens line in 1926, it 
would seem that the ground wire on these lines was nQjtj ; : 
so effective as it was on the other lines. The ground 
wire construction being in general the same oh all of the 
lines, a possible explanation for the large number of 
flashovers may lie in the fact that the tower resistance 
over the lines as a whole is rather high. Some of the 
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iffl.-’ operating data cited by Hemstreet 8 showed that there along-the* lines of limiting definitely the .amount of If 
& a definite relationship between the number of flash- overvoltage that can be brought into the station' $ 

tCi ’'.'-'''--i i Atzove'onrl tlia nrvomi/ , l rnoioffiYinfl in flio rMivfimilow . i j.' .„ « j.i t .. . ii 


W$w £&' •'I' ■'<p ." > -* * ^ ■ ----~ " ^ o.iiu 6 aw\,u 6 uii U1 OllC CU/UO LimUCLOCU lu uuc uum Wtla • 

■B^ -.'^'jBWiod of about five years at 44,000 volts. At the end equal to, or greater than, the lightning flashover of 'tfj 
of this time, additional insulation was added and the the insulator string on the first mile of line. 

mMS&ik cu t, over 132,000-volt .operation. The 3. In the design of the new lines, where the countrv $f 

majority pf the structures are 2-pole A frames with 
Ungrounded; sf&el ctossarms. The insulation is un 

' T * 1 It-. in % ... 


3. In the design of the new lines, where the country 111 
did not absolutely demand it, the use of tower ex ton* "^j 

H fflTiTCT r I ■ ■ • - -.- sions has been kept at a minimum so as to keep the -IS! 

i||P$ liberal. For a while, when the line was first effective height of the line at a predetermined level, 

that level being determined, of course, by the tower 
design itself. In cases where the topography of the |jl 
country permitted, the tension to which the conductor It 
was pulled up was considerably reduced, resulting in a 3 
greater sag and a closer adherence of the conductor 
to the contour of the fearth, with, of course, a not ||l 
reduction of the average height of span above earth. 

. 4. More attention was paid to the mechanical if 
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5 Result of Typical Flashover of 132-Kv. Insula¬ 
tor String Without Arcing Protection 

(Note badly shattered Insulator on ground side) 
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l ( ici. 7 Result op Typical Flashover op 132-Kv. 
sulator String With Stanard Riw a and Horn Protection 
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BEHi <m ■■ ■ 'S- -• ; : 7T *" an extensive program of ground 

earried 0Ut> in 1927 milch more- 

given to a phase that had . . . 

MlSS!? hegiected, and that was the problem f ° f the arcmg Potion arrangements with-fil^H 

brnu^hf !V very case> the ^nd wire of mm ™ lzi ng the effects of conductor vibration T> wk 

, lnt0 station structure and where the on the protection assembly itself. • * :-" %^SSb 

design.aUoWed, the number of ground 
^liafeibrougM mto.the station structure was made 

with the 
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the question of whether or not two ground wires would 
not, in some cases be justifiable with of course particular 
attention to the location of the ground wires as regarded 
the -main conductors. The experience with lines 


without ground wires, and particularly the experience wire. 


obtained during 1926, on the Logan-Sprigg and Turner- 
Logan lines, would seem to prove definitely that it is 
very hazardous and extremely unwise to try to operate 
a line of the type under discussion, without a ground 
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The Stability of the Welding Arc 

4.W ’ ' BY P. ALEXANDER* • ^ 

Member, A. I, IS, E. 


BY P. AL3 

• • j JToJsCC^. Member 

( Introduction 

T HE term ^stability” of the welding arc can be 
interpreted in various ways and in accordance 
with conditions under which the welding arc is 

used. 

In this paper, only one phase of the problem is 
discussed; namely, the influence of the various gasetj 
on the arc conduction of the current and the voltage 
necessary to maintain that arc. The stability of the 
arc is judged here by the average voltage drop across 
the short iron wqlding arc. 

Arc Conduction 

The metallic welding arc is a combination of two 
factors, distinct, yet dependent upon one another. 
The conduction of the electric current is one factor and 
the transfer of the material across the arc stream is 
another factor. Both these factors are greatly in¬ 
fluenced by the gas surrounding the arc, The first 
factor perhaps is more directly affected; therefore, 
only the first one will be discussed in this paper. 

It is a well established fact that the conduction of 
the electric current in the arc is an ionic phenomenon. 
At any instant in a given volume of the arc core, there 
is about an equal number of electrons and positive 
ions. These carriers of the electric charges travel under 
the influence of the electrostatic field in opposite 
directions, the electrons migrate toward the anode and 
the positive massive ions bombard the surface'of the 
cathode spot. 

It is this bombardment by the positive ions that 
keeps the temperature of the cathode sufficiently high 
to permit the thermionic emission of the electrons. 




play equally important roles and any condition affecting 
one of these factors (or both of these factors at thg same 
time) will have a great influence on the stability of the 
arc. • 

Thermionic Emission op Electrons from the 
Cathode . 

The first factor,—that is, the thermionic emission of 
the electrons from the cathode,—is a function of tempera¬ 
ture and is expressed by the well-known Richardson's 

_J2 * 

formula I =•A Q' A t where A, Q and « are Constants 
and 6 the absolute temperature of the substance. 
Temperature is the first and the most important factor. 
The second factor lies in the nature of the material of 
the cathode. Various substances 1 at the same tempera¬ 
ture will emit very different electronic currents. 
Among the substances giving the largest thermionic 
emissions, calcium oxide holds a marked place. 

If calcium .oxide be present in sufficient amount on 
the surface of the electrode’ of a vacuum tube, the 
thermionic emission may increase several hundred 
times over that produced by an electrode, made, for 
example, of pure iron. In case of the are conduction* 
of the current, it may be expected that Ca 0 present on 
the surface of the electrode will also greatly facilitate 
the maintenance of a stable arc. The- third factor 
affecting the thermionic emission from the cathode is 
the gas surrounding the cathode. Various gases 
influence this emission in different degrees. The 
gas that has the most marked effect is hydrogen, 
Owing to its strong electropositive nature, the first 
gaseous layer next to the cathode creates such* steep 


Since the electrons are moving at a much higher Potential gradient that, the electrons will escape the 


velocity than the positive ions, the relative number of 
these carriers is not the sarrte. The number of electrons 
greatly exceeds* the number of positive ions passed 
through the'arc in a unit of time so that practically the 
total current is*carried by the electrons. 1 Yet without 
the continual production of the positive ions, the arc 
phenomena would be impossible; hence, both factors 

♦Research Engineer, General Electric C®., Schenectady, N. Y. 

1. See referenees eqd of arti61e. - 

Presented at the Winter Convention of the A. I. E. E., New York, 
N. YFebruary 18-18, 1028. Complete copies upon request. 


surface of the cathode with great facility. V-fiff 

Taking again the example of calcium oxide, it & §*,' ;ffj 
established that the thermionic emission from that 
compound surrounded with hydrogen increasea.yj^y/:^|J|| 
considerably. The thermionic current from incan-. "f III 
descent calcium oxide in air at low pressure is 0.05 
amperes per square centimeters. If hydrogen replaces 
the atmospheric gases, the thermionic current at the 
same temperature will be 1000 amperes per sq. 
cm. of the cathode spot. Even a trace of hydrogen is 
sufficient to increase the thermionic emission. 2 
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Ionization 

Passing, now, to. the consideration of the ionization, 
the first factor to be analyzed is the ionizing potentials 
of the materials present in the, state of gas or vapor 
in the space between the electrodes. 

The ionizing potential expressed in the equivalent 
.volts is the potential through which the electron must 
fall to acquire sufficient energy to ionize the gaseous 



Jesses the most stable atomic structure, the ionizing 
IPpSrt potential for that gas is the highest. After helium 

lij.~ comes neon, and soon, until calcium, and finally caesium, 

* which* requires the least energy for ionization, is 

peached. 


TABLE 1 
IONIZING POTENTIALS 8 


Name 


Helium-..... 

Neon;. Ay -..... 

, '’Argon; A.. 

A Oxygen* , ..., 

'■' ■ Hydrogen. 

#.• 1 Phosphor us..... 

; A NlfcrOgen---- 

Meroiu'y . ■ 

Sulphur. 

Zinc,. .... 

Silicon;. 

jpopjper; 

Silver... 

, Iron?. 

Manganese..,/, 

A Load. 

Molybdenum.., 
§|P:Ohromliim.,. /. 

titanium... 

: ■ Oalokim,.- 

Aluminum.... .. 
• •Barium.. :..... 
Sodium.;.,..,. 
Potassium..,... 
'//v ’■ Ooosium... 


Mbyj/ 


WM?'-"- 




Acotyleno.-- 

■K':" ■ Carbon Monoxide.. 

wifew?'" ' “ *' 


Atomic 

Number 

Symbol 

Ionizing 

Potentials 

Volts 

2 

Ha 

24.5 • 

10 

No ' 

21.5 

18 

A 

15,3 

S 

O 

13.66- (15.5)* 

1 

H 

13,63 (15.0) 

15 

P 

(13.3) 

7 

N - ■ 

10.8 - (16.9) 

80 

Hg 

10.30 

10 

. n, S 

(10/31) 

30 

Zn. 

9.35 

14 

SI 

8.60 

29 

Ou. 

7.00 

47 

. ’ Ag 

7.64 

20 

Pa 

7,4 

25 

Mu 

7.4 

82 

pa 

7.39 

42 . 

Mo • 

7.1 

* 24 

Or 

6.7 

22 

Ti 

a .5 

20 

Oa 

0.09 

13 

A1 

5.06 

: V; 60 

Ha 

5.19 

li 

Na 

6,13 

10* 

K. , 

4.1 

65 

Os 

3.9 

O 

2 H 2 

(12.3) 

CO 

(14 3) 

002 

(14.3) 



may be 
earths, or 
between the 


strike the arc and the voltage across the established 
/; arc will be lower. This conclusion is quite in accord 
with the experimental data. 4 / 1 
From the table above it may also be seen that the 
ionizing potentials of monatomic gases are very much 
higher than those of molecular gases. Helium, for 
instance, has the highest ionizing potential,—-namely, 
24.6 volts,—whereas the ionizing potential of nitrogen 
is 16.9volts. 

And yet it requires much loweti‘open-circuit voltage 


to strike the arc in helium than in nitrogen. With 
certain precautions, 20 volts is sufficient to strike the 
arc in helium, whereas at least 30 volts is necessary 
to strike the arc in nitrogen. 6 

This apparent paradox can be explained by the fact 
that in monatomic gases the electron impacts below the 
ionizing or radiating potentials are elastic. In helium, 
for instance, the electron impacts below 20 volts 
(minimum radiating potential) are elastic. The elec¬ 
tron does not lose its energy at the first or second 
collision, but rebounds and proceeds in a zigzag course 
until it falls through thf potential giving it sufficient 
energy to bring the helium atom into an excited state 
at the next impact. If an excited atom already having 
absorbed 20 volts, is again hit with an electron of 
sufficient energy, then the helium atom will be ionized. 

This preservation of the energy of the bombarding 
electron during the successive impacts explains the 
possibility of drawing the arc in helium with lower 
.open-circuit voltage than in nitrogen. 

In nitrogen as. in all diatomic gases the electron 
impacts are not elastic. In that case the accumulation 
of energy by an electron falling through the potential 
should be sufficiently fast so that in spite of continual 
losses during the encounter with the molecules, it will 
be able to acquire energy sufficient to ionize. There¬ 
fore the striking voltage in molecular gases must be 
considerably higher than in monatomic guises. 

Cooling of the Arc 

The next factor affecting the ionization is the dissipa¬ 
tion of energy and therefore the cooling of the crater 
and the arc core. It is a well established fact that it 
requires much greater voltage to strike the arc with 
water-cooled electrodes than with electrodes allowed 
to become incandescent. 0 / ■ : T ^ 

The gases surrounding the electrodes and .the. $i*c 
core in certain cases cause such effective codling that the 
arc voltage, or the voltage necessary to strike the arc, 
are very-much higher. If the open-circuit voltage of 
the welding generator is not increased, the arc becomes 
very unstable. 

From an examination of the tables giving the 
physical constants of the gases, it may be seen that 
heliumi has the highest coefficient of heat conductivity; 
namely, 0.000339 calories per deg, cent. Yet the 
cooling effect of that gas on the arc is not much different 
than that of air of which |he coefficient of heat con¬ 
ductivity is only one-sixth as great; namely, 0.0000568 
calories. On the other hand, if helium'be compared 
with hydrogen, Which has about the same coefficient of 
heat conductivity (0.000327), it will be.found that .the 
cooling effect of hydrogen is many times greater than 
that of helium. This indicates that (he cooling effect 
of the gas is a function of some other much more power¬ 
ful factor than the mere dissipation of heat by 
conduction. 7 

* The well-known experiments conducted by Dr. 
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- Langmuir, on heat losses from incandescent tungsten 
filaments placed in hydrogen, established that the 
powerful cooling effect of that gas is due to the ab¬ 
sorption of energy by dissociation at high temperature 
of the molecular hydrogen into the atomic state. 3 
However, the mere fact of the dissociation of the 
molecules into the atomic state is not sufficient to 
produce the cooling effect. To produce this, the dis¬ 
sociation products should diffuse away from the arc 
core so that the recombination of the atoms into mole¬ 
cules with the inevitable restoration bf the absorbed 
energy will occur at sufficient distance from the arc 
core. Otherwise, there will be an immediate restitution 
of the absorbed energy, which excludes the possibility 
of the cooling effect. The most energetic cooling 
effect produced by hydrogen is due not only to the 
fact that the whole mass of that gas in the first gaseous 
layers next to the arc core is dissociated into atomic 
state, but also to the fact that the atomic hydrogen 
rapidly diffuses away from the arc core. 

The gas most commonly met in welding is, of course, 
nitrogen, since it constitutes 78 per cent of the 
ordinary air. This gas also dissociates into the atomic 
state in the first‘gaseous layers next to the arc core. 
The heat of dissociation of nitrogen is 274,000 calories 
per molecule,—that is, almost three times as great as 
that of hydrogen (98,000 calories per molecule)—so 
that it has the greatest capacity for absorbing energy 
from the arc. If the products of dissociation, namely, 
the atomic nitrogen, could be blown away from the arc 
in the same way as the atomic hydrogen is blown away 
from the arc, the atomic nitrogen would be three times 
as efficient as a heat transmission medium as the atomic 
hydrogen. However, the dissociation of nitrogen 
into the atomic state does not begin until the tempera¬ 
ture is 3600 deg, cent., whereas the dissociation of 
hydrogen is appreciable already at 1805 deg. cent. 
Certain percentage of nitrogen is dissociated in the 
first gaseous layer next to the arc core, but as soon as it 
leaves that region, it recombines into the molecular 
state, with a complete restoration of the absorbed 
energy. Therefore the cooling effect of this reaction is 
neglible. 

The carbon monoxide presents an interesting subject 
for study because in spite of a very high heat of disso¬ 
ciation and a comparatively high ionizing potential, 
it is the gas in* which the welding arc can be maintained 
with the greatest ease. 

The heat of dissociation of carbon monoxide as 
calculated from‘the band spectra is 268,000 calories 
per molecule. 0 If, in spite of this enormous heat of 
dissociation, this gas does not produce any appreciable 
cooling of the arc, either it ig not dissociated by the 
arc or the products of dissociation cannot be*blown off 
the arc, but recombine in the immediate vicinity of the 
arc core with full restoration of the absorbed energy. 

. For the .purpose of elucidating this interesting^ 


point if possible the writer made the following series 
of experiments: . 

After preparing and purifying a sufficient amount 
of carbon monoxide, a stream of that gas was passed 
through a cylindrical fused clear quartz vessel in the 
middle of which were disposed two tungsten electrodes. 
The flow of the gas was adjusted so as to duplicate as • 
nearly as possible the conditions of an actual welding 
operation if such* were made with, carbon monoxide 
as a shielding gas. By bringing into, contact and 
then withdrawing the .tungsten electrodes, an arc of 
30 amperes and 28 volts was established in the stream 
of gas for one minute. At the end of 60 sec., the arc * 
was hardly visible through the black deposit on* the 
inside walls of the vessel. * 

The following conclusions may be drawn from the. 
above observations: Since the three known oxides of 
carbon, namely, C O, C 0 2 , ,and C 2 0 3 , are not solids 
at room temperature, the black deposit could be either * 

1 Pure carbon, a mixture of carbon and condensed * 
tungsten vapor, or tungsten carbide. The chemical 
aiialysis of the deposit indicated, however, that the 
black deposit was carbon. • 

The experiments repeated with various mixlures of * 
H 2 and C O indicated that the presence of H 2 does 
not prevent the formation of the black deposit. The 
dilution of CO with hydrogen merely reduces the 
amount of the deposit per unit time. However, when 
the experiment was repeated in pure argon, the walls 
of the vessel remained perfectly clear. 

It may be concluded that carbon monoxide is 
dissociated by.the arc and that one of the products of 
dissociation was diffused away. * 

* This is an apparent contradiction to the well-known* 
fact that the dissociation of carbon monoxide begins 
only at extremely high temperature. Therefore in ' 
this respect the gas should behave like nitrogen. 
This contradiction, however, is apparent only, sihce 
that reaction took place in the presence of readily - 
oxidizable materials, and the heat of formation of the 
secondary reactions of the liberated oxygen, and prob¬ 
ably a part of carbon, compensates for the cooling 
effect of the first reaction. 

Also, since the gas has a smoky appearance in the 
immediate vicinity of the arc core, it may be inferred 
that the liberated carbon was condensed, into the solid . 
state in the region next to’the arc core. Since the 
heat of sublimation of carbon is quite accurately, 
known it is possible to represent the above reaction 
by the equation: 10 

C (gaseous) = C (solid) + 141,000 calories 
so that even in the absence .of other secondary reac¬ 
tions of oxidation and carboration of the electrodes, 
the condensation of carbon alone restores the greatest 
part of the energy previously absorbed from the arc 
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W 0 2 or W 0 3) • gives respectively 131,400 and 196*300 this •paper however, only the first item has been dis-- 

* missed in an attenrat to show that the cooling of the 


V: UUO V^CVOO Ul li. vn the formation of Fe 3 0 4 produces 
and 270,800 .calories 'respectively. In other 
tltf'l*- 1 • words, the condensation of the gaseous carbon and the 
j|§|gf::;' ..oxidation reaction supply an ample amount of heat 
jS§8glHi:, • vto -neutralize completely the cooling effect of the first 
■ reaction. 

The most remarkable property of carbon monoxide 
is its stabilizing influence of the welding arc burning 
in any gas to which carbon monoxide is added in 
sufficient amount. 
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The property is quite astonishing because the 

• ionizing potential of this gas is quite high; namely, electrode and the arc core has the preponderem m- 
14.3*volts. However, it can be observed that only a fluence on the stability of the arc. 
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ciated carbdp monoxide,Will be very small. 

The beat of 'dissociation of carbon dioxide into 
oxygen and carbon njonoxide is 68,000 calories per 
molecule. If the products of dissociation are blown 
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LIVING 62 PER CENT UP; LIGHT 
13 PER CENT DOWN 

The cost of living in the United States in July, 1927, 
V ‘ was 62 per dent above the cost of living in 1914, accord- 
s 30-35 volts j n g figures just released by the National Electric 
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of the dissociated carbon dioxide, it will be stable, . fcg au thority the National Industrial Conference Board. 
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The following curves sho'w the relationship between but which is discouraging to some. The 
. the composition of gaseous mixtures of hydrogen, table should be a spur to them. 

: AnrhATi rnonoxidfl. carbon'^dioxide.' .argohi nitrogen ' 


! ■tmmsPi 


. '•: / 


•; . J : • '••••• • J:': 1 / "•'• 

-Relative Im- 
. portancom 
Pre-war Budget 
Percent 

f* •' • • =. v ’.;. 

„ Relative Cost 
" July July 

1914 - 1927 

Food/. ..vi/;.'.. /V^y/. 

Shelter;........ / ... /.. •. /. 

Clothing. /.........., /,>... 

Goal. ... /......... 

Gas,...... 

Electricity.^ . ....... 

Sundries... A ..... 

„ 43.1 

* 13.2 

. 3,7 

• :l;27.v: • 

. 0;63 

/ 20.4 

31oOO 

1,00 

1.00 . 

V ; 1.00 
^ 1.00 
r ' 1; 00 

100 

$1.53 

1.68 

1.69 

1 .S 0 

i;84 
. .87- 
1,73 

Weighted average, 

all items....... . ♦ 

■' . T ' 

. 100.00 

$ 1.00 

■$1.62 


ulie COIIiUUolWlUIl UJL. tilt; CICUliI UUC, nuuuiy uuv 

amount of gases occluded iq tKe electrode, etc.' In • i ' I - -bight, November, 1927. ' .;||||j 

' 'A ^ * ■■■■ r -V v : ; . ' v - p } y • ^ j 


• 











Vacuum Tube Synchronizing Equipment 


. By T. A. E. BELT 1 

Member, A. I. E, E. 

• 

SynojJsis,—Potential from high-voltage circuits is obtained by 
means of capacitance transformers. This potential is applied to 
the grid circuit of vacuum lube amplifiers the output from which 
drives a rotating type of synchroscope . Thits tho vacuum tube 
synchronizing equipment makes unnecessary costly high-voltage 


and 
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transformers which have been almost universally used for synchro¬ 
nizing in the past. 

The paper describes the commercial apparatus , gives equations 
pertaining to the vacuum tube amplifier and shows calculated and 
measured characteristic curves. 
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T HE increasing number of power system inter¬ 
connections makes synchronizing of high-voltage 
lines almost a necessity. Potential transformers 
for 110 kv. and above which have been almost univer¬ 
sally used for synchronizing are costly. A new method of 
obtaining transformation from a high voltage to a low 
voltage by means of a simple capacitance, the power 
amplification of this controlling potential to an appre¬ 
ciable amount of power, the utilization of the output 
from the amplifier for operating a rotating type of 
synchroscope makes possible, economically and practi¬ 
cally, the almost universal adaptation of high-voltage 
synchronizing. ’ 

Description of Units 

The vacuum tube synchronizing apparatus as 
developed for commercial service consists of the follow¬ 
ing units: 

. a. Capacitance transformer bushing, 
b. Outdoor Amplifier, 
c. Indoor Amplifier and Power Supply. 

Capacitance Transformer Bushing 
Bushings equipped with capacitance transformers. 
(Fig. 1.) are of the regular flange-clamped ’ oil-filled 
porcelain design similar in external appearance and 
construction to the standard line of General Electric 
Company's oil filled bushings. This added feature does 
not in any way affect the normal functions of the 
bushing when it is used with power apparatus. Where 
power apparatus bushings are not available arid it is 
desired to use such a bushing, it may be mounted in a 
separate tank and installed in any convenient place, 
either indoor or outdoor. The capacitance trans¬ 
former enables these bushings to be used with vacuum- 
tube equipment in place of instrument potential trans¬ 
formers for. synchronizing. 

The necessary voltage for the grid-filament circuit 
of the amplifying tube is obtained from a high-capacity 
condens'er .tobhin the bushing. This capacity is in 
series with the bushing.capacity, the total line-to-ground 
potential of the system being impressed across both. 
The voltage obtained across either condenser is inversely 

v __ , 

1, Both of the* General Electric Co, r> Scheneotfcily, N. Y. 

, Presented at the Winter Convention of the A* I. E, E., New York , 
iW F.y Feb. 18-18,: 1988. Complete copies upon request , 


proportional to the capacity. The secondary poteptia* 
is approximately 35 volts and therefor a relatively 
high-capacity condenser is employed. This .high- 
capacity condenser consists of two layers of thin topper 
sheets separated by a treated paper dielectric and a^l 
wound on a herkolite cylinder. The outer layer of 
copper is grounded to the ground sleeve and a soldeitd 
connection to the inner copper layer is brought out. 
through a terminal fitted in the ground sleeve. As- 
shown in cross-section drawing, Fig. 3, this terminal 



Fia. 1—132,000 -Volt Bushing Equipped With Capaci¬ 
tance Transformer Showing Flexible Lead and Schematic 
Diagram of Connections 

is encased by a metal housing to prevent exposure of 
any live metal. 

Outdoor Amplifier 

*. 

The outdoor amplifier consists of a PT-210 power tube 
with its associated filament transformer and bias ■ 
resistors mounted in a steel weatherproof box. This 
unit is a complete single-stage amplifier. The voltage 
obtained from the capacitance transformer is impressed 
on the grid of the tube and the output delivered to the 
primary of the interstage transformer which is located 
on the indoor amplifier panel. 
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The secondary potential from the capacitance trans- as tp* make a double outdoor amplifier as shown in 
former is divided by means of a 600,000-ohm potentiom- Fig. 5. Double units are usually used when synchro- 
eter so that 17H volts are delivered to the grid of the nizing directly across oil circuit breakers as this facili- 
frube. The amplification constant of the PT-210, tates mounting and reduces the number of necessary 
and the ratio of the interstage transformer are such that connections. 

One capacitance transformer must be connected to 
the same phase on each side of the oil circuit breaker 
used for synchronizing, and connections made to the 
corresponding grids of the amplifier tubes. These 
units are preferably mounted near the capacitance 
transformers in order to reduce stray capacity effects 
across the secondary side. 

Indoor Amplifier and Power Supply 
■The indoor amplifier is mounted on a panel of 
• standard switchboard design, It is intended for mount- 



1 Cable 

2 Tube 

3 Tube Terminal 

4 Lew Voltaqe Terminal 

5 Cover 
S 

7 V£r Cambric,Tape 


5 Treated Linen 

9 Screws 

10 Housing 

)] Cork Gaskets. 

12 paper Dielectric 

13 Cond. PlatesCCopper) 
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ing out Terminal from Capacitance Transformer 
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amplification on the indoor panel is 35 volts, The 
potential from the capacitance transformer cannot 
be successfully applied. directly to thfi grid of the 
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Fio r 4 —Single Unit Outdoor Amplifier 
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Fig. 5—Double Unit Outdoor Ampltf 

ing alongside of the main switchboard, although it 
can be placed in.any other convenient location in the 
station, A voltmeter for indicating the plate voltage 
to the tubes, a rheostat in the field circuit of the plate 
and bias voltage generators, and a fused switch for 
opening the voltage supply circuit to . the motor® 

■■■ • • • : ■■ • generator set, are located on the front of the panel. 

' second-stage amplifier tube since the d-c. grid current sindl ° f the p f.^ el is mounted.two separate 

of this tube with normal negative bias is su^ient w^en po ^ ei ' requiring W PR-11A 

.flowing through the 600,000-ohm resistance across Hip nLt •' w* lmdlstorted power output which can be 
low-voltage terminals of the capacitance transformer to ^ ^ th ® se tubes is ‘approximately 

alter the effective bias voltage so that the fiiWo™ + volt-amperes. The grid of each tube receives its ;PA 
oh an undesirable portion of its characteristic curve^ A ®^ 1 f atlon though the interstage trapsformer from the 
photograph of a single outdoor anmlifierSf I t outdoor amplifiers? An output transformer is con- 
in Fig. 4. g e outdoor Amplifier unit is show*: neeted. in the plate circuit of each* tqbe ahd ,supplies 

•rwosi„ s I erat ,.„, P;unr , Wl ,.,^..:„ combined no -1. Art.1 . Ail 
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former is corrected at 60 cycles by connecting the proper 
value of capacitance load across th§ secondary terminals 
of the output transformer. A metal grill is provided 
for covering the apparatus mounted on the back of the 
panel. The plate connections are made under the 
grill which eliminates any exposed high-voltage circuits. 

All power for operating the vacuum-tube equipment 
is obtained from a small four-unit motor-generator set. 


115 

number of incoming lines. When synchronizing is to 
be accomplished between a number ,of incoming lines 
and double buses, each incoming line must be equipped 
with a capacitance transformer, but it is necessary to 
use only one capacitance transformer for each bus. 



The power supply for operating the set can be taken 
from the station battery or any other suitable voltage 
source. An ai omatic starter is located on the indoor 
panel which j uts the motor-generator set in operation, 
as soon as the control circuit is closed, by the insertion of 
the synchronizing plug in the proper reeeptable in the 
switchboard. 

The synchroscope is a 7}4-in, diameter instrument, 
giving the usual indications of fast, slow, and synchro¬ 
nism. The synchronism indicator is mounted on a 
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Schematic Dleqrpm of Vacuum Tube Sqnchranjair*^ equipment 

Fia. 8 —Schematic Diagram op Vacuum-Tube Synchro- 
■ scope Equipment 

• swinging bracket at the end of the switchboard in 
a substation. On the adjoining bracket is a syn¬ 
chronise indicator operated from potential trans¬ 
former whictf in this experimental installation was 
used to check the operation of the vacuum- 
tube-operated synchroscope. This installation has been 
in daily service for over a year, proving its simplicity 
and reliability in actual service. „ 

. .Application 

The construction and operation of the synchroscope 
equipment js *such that it is easily adapted for any* 
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Fig. 9—Ratio Characteristics Of Capacitance 

Transformers * 

Such an arrangement is shown in Fig. 7. The act of 
synchronizing, using the vacuum tube equipment, is 
exactly the same as when potential transformers are 
used. Thus, the operator inserts the synchronizing 



Fia, 10 —Phase-Ancit.h Characteristics op Capacitance 
Transformers 

plug, which automatically places the tube apparatus'in 
operation, causing the synchroscope to revolve in the 
usual manner. 

It is of importance to note that one winding of the 
synchroscope may bd^excited from a potential trans- 
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Zo = Load impedance referred to primary , of shift through the stage increases and is always negative, 
transformer * * • The commercial appara:triS''Vtitiii^h^^fe i^ d1lii^^l 

Z T = Total impedance of tube plate circuit, amplifier. Now, if 0 T represents the 

The negative sign of the right side of the equation shift from phase voltage of line-tQ-voltagdvacfo $5 
indicates a phase shift of 180 deg. through the tube synchroscope, $ u the sViift through the capacitance 


itself, but since transformer coupling is used, this transformer, 0 t , the shift through the first sts$$3®T 
phase shift can be corrected by proper choice of trans- amplification and 0 3 , the shift in the second stage then 
former connections. 0 t = 0j + 0„ + 8, (5) 

Equation (2) shows that the voltage ratio of the By connecting sufficient capacitance in parallel with 
amplifier is dependent on the tube-plate impedance and the synchroscope, the angle 0 3 can be made negative 
load impedance. The load impedance, is independent and equal to 0 I plus 02, and hence, the totel angle shift 


of applied voltage and in a properly designed amplifier 


With a given‘capacity, this condition exists 


the tube-plate impedance is independent of applied for one frequency only, and the value of the capacity m 
grid voltage. Under these conditions, the voltage ratio the commercial equipment is so chosen as to cotnpen- 
through the amplifier is constant for varying voltage sate at the operating frequency. 7 


input. Also, since these two impedances are indepen¬ 
dent of voltage, the phase shift through the amplifier is 
constant with varying voltage. 

The effect of frequency changes on the operation of 


The curve of Fig. 12 shows the angular error in 
position of the synschroseope when using the amplifier * 
on one side and a potential transformer on the other. 
This is equivalent to the shift through the amplifier 


the amplifier can also be predicted from equation (2). .as the angular error due to the potential transformer is 
This equation may be rewritten in the following form: negligible. The maximum error within the range of 

V R + i X 1 50-to 70 cycles is only seven degrees, or only slightly 

"E o — — M T J ( 3 ) larger than one minute on the dial of a clock. . The 

. device is therefore satisfactory when used in copnbina- , 

where Ri = Ro + R P l hence it is always larger than R 0 . tion with a potential transformer. » „ 

As X h increases with frequency, the fraction on the Fig, 13 is a curve showing the angular error when two 


'E o = — ixE 


I Rq + j Xj, 

"L Ri+jx L 


where Ri = Ro + R p ) hence it is always larger than R 0 . 
As Xh increases with frequency, the fraction on the 


right side of equation (3) increases, but approaches amplifiers are used. In this case the maximum error 
unity as a limit. This shows that the over-all amplifi- is reduced to 3.3 deg. which is scarcely discernable on 


cation of the stage increases with frequency, but 
approaches a definite limit. The percentage increase 


the synchroscope. 

The authors wish to acknowledge the help given by 


in voltage is less, however, than the percentage increase Mr. E. D. Eby and Mr. T. S. Farley, who kindly assisted 


in frequency. in obtaining the information for this paper. 

The phase angle between E 0 and E„ can be obtained —*-:- 

from equation (3) and is given by the following URGE SIMPLER LIGHTS TO AID 
expression: AUTO DRIVERS 

% X L Simpler automobile headlights requiring no adjusting 

0 = tan -1 —: — tan -1 —— • (4) or dimming were urged by the Motor Vehicle Lighting 

0 1 Committee of the Illuminating Engineering Society at a- 

Now Ri>R 0 meeting held Jan. 11,1928. Complicated lighting sys- 

Xj x r terns, which properly operated, provide perfect lighting 

hence ~~~~ > . conditions from every standpoint are not practical in 

0 1 the opinion of the majority of engineers present.^ 

X X The headlight of the future should not be intended 

and tan——L > tan——... to provide lighting conditions but only to give adequate 

illumination with minimum attention from driver. r 

The angle 0 is therefore positive, and Eo leads by More stringent laws regarding headlights were 
this angle. As the frequency increases, the two ratios suggested by E. C. Crittenden, Chief of'the Electrical 
X^/Ro and X^/Ri increase in proportion and a consid- Division of the Bureau of Standards, who declared that 
eration. of the anti-tangent functions will show that the a high percentage of accidents are caused by faulty " 

_ r\ n_ . '* 'll ♦__• ^ 1_11*1. TT~ ,,,_~ 


Now 

Ri 

>Ro 

hence 

x Jt 

> *L 


Ro 

Ri 

and 

tan^-lL 

Ro 

> tan— 


angle 0 decrease^ with an increase in frequency, 


headlights. He also urged the single-beam light, 


The above discussion explains the general operation constructed so as to remain properly focused and 
of a vacuum-tutfe amplifier with inductive reactance adjusted without attention from the driver, 
in fhe load. If, however, the secondary of the trans- Colonel A. B. Barber, manager of the transporta- 
former is loaded with capacitance until the reactive tion department of the United States Chamber of 
component of the ldad impedance is c^ipacitiyfi, then the Commerce, -and W. D, A. Ryan, director of the illumi- 
terta j in equations (3) and (4) ^ replaced by nating engineering laboratory of the General Electric 
~ j X o. Under this condition it can fee shown in the Company also spoke, Colonel Barber outlining the 
same manner *as before that with an increase in fre^ the present motor Vehicle lp,ws and restrictions and 
quency the amplification of the stage decrease^, the phases urging uniform motor laws fofr the entire ^country. 
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132,000-Volt, Single Conductor, Lead Covered 
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Introduction, Economics and Commercial Demand ^ - 








BY P, TORCHIO 1 
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’ Synopsis*—This paper, which describes 9 the development of the 
oil-filled t$))e of 182,000-voU cable, has for convenience been divided 
into four parts . . „ 

fn the first pari the economic and commercial aspects of the 
development are discussed. It is pointed out that this type of cable 
permits direct interconnection with high-voltage overhead lines and 
it is'fjklt that the satisfactory operation of the two lines which have 
been placed in sendee this year will be an indication that 220,000 - 
volt cable can be constructed without material changes in the design. 

The theory and design of the cable are completely developed in 
the second part. Particular reference is made io the effect on the 


W HILE the power generated from local plants in 
heavy centers of industry and population* is 
. distributed locally at about 13,000 or 25,000 
volts, system interconnection lines and long-distance 
transmission lindb require considerably higher pressures 
irrthe order of 66,000,132,000 and 220,000 volts. 

In most situations of heavily built-up centers,, it 
has been impossible in the past to tie the higher 
voltage lines directly to the distributing stations and 
substations, and recourse has been made to underground 
cable lines of 33,000 45,000 and 66,000 volts connecting 
to the higher voltage overhead lines through trans¬ 
formers located at substations on the outskirts of the 
city. One of the principal aims of the design of the 
new type of cable, which by one step doubles the highest 
underground operating voltage used heretofore, is to 
do away with the seoutside intermediate substations 
■by "bringing the higher voltages directly to the ultimate 
distributing centers. The economic and operating 
advantages- thereby obtainable are savings of inter¬ 
mediate 'substations, transformers, switchgear nda 
attendance, reduction in number of underground cables, 
savings in synchronous condensers, increased efficiency, 


dielectric of occluded gas and the method of eliminating trouble 
from this source in the oil filled type is described. 

The third *parl relates to the manufacture, inspection and testing 
of the cable and equipment. The tests showed that ilm electrical 
constants of the cable were substantially unchanged by the normal 
temperature cycle, 

• Tke installations at New York and Chicago are described in the 
fourth part . Inspection , indication of oil leaks, cable and joint 
repairs are discussed. The replacement of a length of the New York 
cable , which developed a leak in the sheath, is covered in detail. 


" 




metric changes in oil ’and cable due to temperature Vj|Mp!jJ| 

changes. In this manner, the whole cable is kept con- 

stahtly filled with oil under pressure both in the hollow > 

core of the conductor and throughout the surrounding | 

insulation. The unique advantage of this type of 

construction, therefore, is that should the lead sheath be 

expanded or distorted, or the internal elements of the > 

cable be displaced by temperature variation or other ' 

causes, the spaces thus formed will be immediately Blllllljl 

filled with oil, while in a solid insulation type voids 

would be formed, causing ionization and ultimate 

failure. It is thus evident that this new type of cable . f- 

should be able to operate safely over a much larger 

range of copper temperature and therefore of load, than ] 

a solid insulation type, even if the latter is operated ' 

only at 66,000 volts or less. In this expectation w;e are 

confirmed by the original installation of this type of ' ; 18jjp« P, 

cable made in Italy three years ago, which consisted pj fjfjH ji' 1 

of about 2000 ft. of line connected in series with a 

130,000-volt overhead transmission line more than 100 3§f| j'. 

mi. long. This cable, which was 60 sq. mm.; about . 11 

100,000 cir. mils, in cross-section, has never given the Bf§l§|| 1 : 

slightest trouble though carrying currents of 250 T; |ltli| |1 

amperes per phase, a current density which would be' 1 

absolutely impossible with the solid type of cable .even 

if operated at25,000 volts or less. -n, 

: The Chicago 132,000-volt underground cable line is 
a direct application of the plan of connecting a generat- '% 

ing plant in the city to an outside 132,000-volt fine six ' . # 

miles away. . \ . ; 




I 




.operation of local plants with the outside sources of absolutely impossible with the solid type of cable,evbii' ~: C§ || 

power. The final relative values of these savings will if operated at 25,000 volts or less. 

not be available until We* have secured from actual The Chicago 132,000-volt underground cable line is „ - 

experience the relative carrying capacity of the oil- h. direct application of the plan of connecting a generat- B 

filled cables in contrast with the ordinary type of cables ing plant in the city to an outside 132,000-volt fine six 
with solid insulation. , miles away. . \\ . : 

The theory of the oil-filled cable is that through 1 its The New York 132,000-volt cable, is, for the time 
collapsible oil reservoirs it responds readily to volu- being, a large-capacity, 12-mi. length transmission 
l Tie New York Edison Comniinv \VB-" ' Y line supplying the large county of Westchester in the 

District No. 5 of tke ?*tebf New York, but'it will, in future, serve also to 
A. I. B, E., Chicago, ill;, November 0£-so, low. Complete copies interconnect withoutside sources of power supply. 
upon request: ' The Chicago and New York installations were placed 
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in operation, respectively, on June 2nd and August 9th, 
of this year, and have since operated without electrical 
trouble. 

The manufacturers feel that should these two 132,000- 
volt Cable lines continue to prove satisfactory in opera¬ 
tion, 220,000-volt cable can be constructed without 
material* changes in the design of cable, joints and 
accessories. 

The next year’s experience of the large,New York 
and Chicago installations appears now almost certain 
to prove satisfactory, in which event this great advance¬ 
ment in the art will have made available to the in¬ 
dustry,. confronted with unprecedented volume of 
growth in its demand for power, means not heretofore 
available for transmitting hundreds of thousands of 
kilowatts economically and directly to and from centers 
of heavy population and outside supervoltage overhead 
lines. 

In the following chapters, the manufacturers and the 
users are presenting a complete description of all the 
phases of work involved in the design, manufacture and* 
installation of this radically novel type of cable. 

Theory, Design, and Development of the 
132,000-Volt Cable 

’ By L. Emanueli 4 * 

Noiwnorabor 

General, It is well known and recognized that one 
of'the principal reasons of failure in high-tension 
cables is the’presence of gas bubbles and films in the 
dielectric, some of these gas occlusions being left in 
the insulation during the construction of the cable and 
some being formed later during the operation of the 
line. 

This is due to many facts. First, the vacuum applied 
to the cable before impregnating it with insulating 
compound is not generally perfect, Second, the 
insulating compound carries in solution a^great volume 
of gas, part of which is set free while the compound is 
passing through'the paper during impregnation. Third 
when the lead sheath is applied to the cable, the cable 
is still rather warm and the subsequent thermic con¬ 
traction of the compound When the cable cools‘down 
causes further voids. Empty spaces are also created 
. when the cable is coiled on the reels and during 
handling. 

When the cable is in operation, another important 
phenomenon takes place. The insulating compound is 

2.- ; , Societa Italiana Pirelli. 

♦Acknowledgment and thanks are made here to Dr. E, Sac- 
oketto who has givefn. his assistance in the first experiments on the 
oil filled cablo*autl in tlio installation of the Brugherio cable, 
Mr, E. Sesiui who. has assisted in the theoretical design of the 
'cable and accessories and Mr. M. Puritz who, with Mr. Sesini, 
has directed all the delicate operations of installation and 
impregnation of both the Now York and Chioago lines. Acknowl¬ 
edgment is also mada of the valuable assistance and«cooperation 
rendered by the engineers of the General ftlootrio Company and 
of the New York and Chicago Companies during all these latter 
operations. ”• • 
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warmed up and increases in volume when the cable is 
loaded and this first compresses the gas in the dielectric 
and then expands the lead sheath. As the lead is more 
viscous than elastic, after a subsequent codling the total 
amount of void space .within the dielectric is greater 
than before installation by an amount proportional 
to the load carried. ' - % 

For example, in a 66,000-volt cable the contraction . 
which follows an increase of temperature in the copper 
of 35 deg. cent, causes a volume of seven gal. per mi., 
(16 liters per km.), to be emptied of compound. 

The pressure which may take place in a cable when 
loaded and which forces out the lead tube has been 
found by actual measurement to be in the neighborhood* 
of 90 lb. per sq. in. . 

Seasonal temperature variations produce the'same 
effects. # 

Where is it that these empty spaces are formed? 

In a general way, we can assume that they are produced 
at the points where the paper is less compact in the , 
wrinkles in the space betwe'n the leid and the insula- * 
tion, especially where the lead is expanded due to bends 
or handling and, for three-conductor cables, in the 
spaces between the insulated conductors and the*fillers. 

This may be explained when one thinks that the* 
surface tension of the compound hasVtendency to fill 
up first the smaller cavities, thus leaving empty the 
larger ones. 

In addition to this, the compound has a tendency to 
migrate to the lowest points of the cable and this mi¬ 
gration is greater the lower the viscosity of the com¬ 
pound. 

This irregularity in the distribution of the gas cavities 
is one of the principal causes of the many uncertainties 
in the results obtained in the laboratory and during, 
operation, and makes it impossible to fix an exact 
figure for the permissible value of the ionization as a* 
function of the working voltage. 

The failure of all the previous attempts made to 
explain theoretically the breakdown voltage on a 
sample of cable, in connection with the electric gradient 
in the insulation, can probably be attributed to the 
presence of gas occlusions and to their irregular distribu¬ 
tions, and perhaps the theory which gives the break¬ 
down voltage as a function of the minimum gradient and 
not of the maximum, is not to be completely discarded, 
the minimum gradient being near the lead where the 
empty spaces, at least for‘a single-conductor cable, 
have a greater tendency to be formed. 

If the empty spaces due to the thermic contraction of* 
the compound were formed uniformly in the insulation, 
in small units, the troubles produced by their ioniza¬ 
tion would be very small. A step toward this point 
has been gained by the cable manufacturers bjTjft; 
wrapping the paper on the conductors as uniforrhly 
as possible? and avoiding wrinkles and registratioii of , 
the layers. , 

It is also evident that the greater the thickness of the 
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smaller is the possibility of avoiding the evacuation and impregnation of the cable from 

aids after it has been leaded. On account ot its 

contraction of the insulating compouna smau volume, laboratory pumps can be used and a 
li»lili'*£^“tSibute uniformly and in small vary high vacuum reached In add.to to ..*£. a 
ji. OTYir , tv snaces which* are formed, then the special process has been woiked out to purify the oil 
"be independent of its from the gases in solution, before impregnating the 

" v '" •-• •thickness; but, due to their localized formation as. a paper. 

I‘consequence of capillarity and drainage, the probability In 1 
of leaving the big empty spaces is greater, the greater 
f the volume of the,dielectric, and accordingly of the 




life :• ; :4 





*; . f •' " ■ Fxg. I—Hoi/low Goub Cable 

.'!• h'j-v,!.Vy 

of oil subject to volumetric change.. We can 
StSalh}*assume, ’therefore, that an increase in the insulation 
® : thickness does not produce a corresponding improve- 
ipeht in operating performance; and the cable manu- 
facturers know this very well. 


In this way it is possible to obtain a cable practically 
without any occluded gas from the start and also to 

maintain it in such condition during operation. 

An experiment on a cable of the type given in Fig. 1 
was made fearly’in 1918 and the results were quite 
surprising. The life tests gave results far better than 
those on usual cables and it appeared immediately 
that the importance of a perfect construction of the 
cable as regards wrinkles and compactness of the 
paper, could be regarded as secondary. 

It is important to remember that in a cable made in 
the usual way, the breakdown voltage is very high if 
the voltage is increased quickly and does not give no 
•light on the punctures which happen in operation at a 
voltage generally equal to, or slightly higher than, the 
operating voltage. If tlie tension is applied for several 
hours, the breakdown voltage is considerably smaller, 
and the longer the time of the test, the lower the 
breakdown voltage. It is not difficult, for instance, 
to get a breakdown voltage on a short sample, after a 
few seconds, which is five times greater than that 




icturers lcnow tnis very wen. j.ew secuuua, wmu. »» ----- y 

All these difficulties and uncertainties would not have found after several hours of application o. voltage 

..._ . ji 4 rvrt n AA 1J 1 ,, 4-hn nMinl T._ _Ll nnVilo fllffpVPnPPS Wfil’S IOlIl 
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allowed the design of a 132,000-volt cable of the usual 
type with any probability of success and the results 
wmch may have been obtained in the laboratory and 
in the field on short lengths of cable would have been 
practically worthless dile to variations in the distri- 
: ; ybution qf the gaso<$iision&. 

It must also be Considered that the experience gained 
* * pn a large scale on existing cables is limited to a voltage 
which is only, about one-half of 132,000 volts.. It was 
If a. #itH the idea of avoiding all these uncertainties, elimi- 
' ■■■•■ nating gas occlusions, as much As possible and especially 

L \ie ones which are formed by "temperature variations, 
Jiat the dfesign arid construction of the oil-filled type 
teS^I^Wascarriedbut.y:' : y' i: ''’1^'''''' ' ' •••••:. 

The principle is very siTtiple&tid consists m having the 
cable connected to a reservoir which will, receive the 
oil pushed out during the thennic eapanSion and give 
„ it back to the cable during, the cqrttriictipn. To obtain 
this action, it is necessary to have, inside the cable a 
r\o«cci«e which connects the reservoir with every point 
„ dielectric. This feature can be obtained readily 
>y stranding the copper wires of the conductor around a 

r» miA/ylo■rtaacsicrA. S66 
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In the oil-filled cable these differences were found to 
he much smaller, and as the instantaneous breakdown 
voltage is equal to, if not greater than, that on usual 




„.js making several longitudinal paths which can be 
connected to the reservoir. This eliminates the dan- 

«av hf -fnrmsitirm nf pmnt v RTianfiS du6 tt)S th©: COlt- 
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‘Fig. 2-—Slotted Sheath Cable 

cables, the breakdown voltage after several hours is 
more than doubled. This permits increasing the 
operating gradient of the cable and the use of only a 
small thickness of insulation. 

Another advantage over other cabjes of the- usual 
type is’ to have much smaller dielectric Tpsses at high 
temperatures because it is possible to^use a very fluid 
Oil with very small power factor, as the danger of mi¬ 
gration of the compound is avoided. <• -j 

For several reasons a field test of this new type of 
cable, was not. madron a large scale until the end of 1923 
when a line of three cables of 100;000*-cir. mil (50 sq? - 
mm*) 'copper area, 670-mil (17-mm.) insulation, each 
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2000 ft. (610 m.) long, with six joints, was installed .at 
Brugherio near Milan, Italy, connected to an overhead 
line about 100 mi. (160 Ion.) long. In the beginning 
the cables did not carry load, but in 1924 they were put 



Fi q, 3—Illustration op 132-Kv. Cable 

'in series with the line and a load up .to 260 amperes 
per phase was carried without any trouble for two and 
one-half years. 

The electrical problem of the construction of a cable 
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Fig. 4—Feeding Tank 

for 132,000 volts was in this way solved quite satis¬ 
factorily but several mechanical problems, especially 
complicated for lines of long length and with large 
differences of level, remained to be studied. 

The theoretical and practical problems which had to 
, be solved before the liquid oil filled cable could be made 
a practical success are discussed in detail in the complete 
paper but must be omitted here because of lack of space, 
which permits only a brief description of the cable itself 
^pd the* principal accessories. 

De'sign. "The cable installed 'in New York and 
Chicago is shown in Fig. 3. The conductor of 600,000- 


used in transformers is used for impregnating the cable. 

Description of the Special Accessories: Feeding Tanks.: 
The principal requisites of the oil tanks are that the 
oil inside should always be practically at atmospheric 
pressure, independent of the volume of oil present 
in the tank, and that it should be in no way in contact 
with the surrounding air. 

The problem has been solved using collapsible 
reservoirs made up with thin metal walls, which are 
easily deformable/ In such a way "the oil is not ip 
contact with the air and yet acts with regarcl to the 
pressure as if it were contained in an open reservoir. 

Fig. 4 gives the drawing of a feeding tank. 

Seven separate cells, each with collapsible walls, 1, 
are connected in parallel to a common manifold,' 2. 
Each cell is made up from a ring, 3, on which two 
corrugated diaphragms, 1, are soldered and kept in 



place by a ring, The corrugation allows the plates 
to move under expansion or contraction. , 

.. w . ........ . Two standard types of tanks'were adopted, due wi|||i 

I cir, mil section is fUade up of two layers of copper wires, : seven cells, as given in Fig. 4, called 5-7, and one with 
stranded over a . spiral of hard drawn copper tape, 11 cells called 5-11. 

; leaving a clear diarpeter inside the spiral, of M4n. The Each cable of a section was* fed ,by two dr more 
insulation thickness is 23/32 in., madS up of wood pulp of these tanks, paralleled by means of valves and 
paper in three different gradations, depending upon the manifolds. ;/ /;< 

. porosity. A mineral oil a little more viscous than'that * Pressure Tanks, M before stated, the characteristic 
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of this type of tank, Fig. 5, is to have a certain number 
of collapsible air-tight cells, 3, full of gas, separated 
by heavy plates, 5, contained in the tank, 2, which is 
filled up with oil. The outside tank, 1, is able to 
withstand the maximum pressures given by the oil 
of the section during expansion. . 

Each cell is perfectly tight and is filled with an inert 
* gas, 6, especially selected for the puipose. 

Stop-Joints, As has been explained in the design of 
the cable, each section is connected electrically to the 
next one’by means of a special joint called a stop-joint, 
which cuts the oil communicatibn between them. (See 
Fig. 6). The stop-joint consists essentially of a cylin- 
* drical tank, 1, full of oil, 2, which contains two inserted 
procelain terminals, 3, in a V arrangement. 

The end cables of each section terminate in these 
r * potheads, which are electrically connected at the lower 
part. As for the pressure tanks, the outer tank is of 


for the contact with the connector, 9, which is soldered 
at the end of the cables. The two lower caps and the 
connection, 4, are screened by a metal box, 11, so as to 
have a good distribution of the electric field; for the 
same reason the insulators are provided at the upper 
end with electrostatic controls, 12, The metal screen, 



l--® 


Fra* 6—Stop-Joint 

thickness and has a lining, 5, hermetically 
sealed to the upper cover, 6. The terminal's insulators 
Pilate cemented at the upper end to the cover and are 
|§ff|ii|bvided at the lower part with two cemented metal 
^lilpsi T; the tightness of the seams is guaranteed by 
;^<Soipposition cork gaskets. . * - 

-p'The two caps are electrically connected by a flexible 
I connection, k, and carry on the inside a set of brushes, 8, 
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Fig. 7—Pirelli 
Teem inal 


Fig. 8—General 
Flectiuo Terminal 
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11, is reinforced electrically with paper wrappings, 18, 
and the discharge path to the case is protected by in¬ 
sulating barriers, 19. The two end cables, after being 
reinforced in the field with paper wrappings, 10, and 
provided w$h electrostatic controls, 13, are slipped 
inside the insulators so that their connector, 9, is 
wedged between the brushes, 8, and the lead sheath of 
the cable is soldered to the cover by means of metal 
sleeves, U+. As a matter of fact, the stop-joint tank is 
raised from a pit in the manhole up to its final position 
so that the cables slip inside the insulators. The only 
wipes to be made in the field are those at 15. The 
oil is fed to the cables through a pipe, 16, which is con¬ 
nected to the reservoirs at the feeding end of the section. 

The oil chamber, 2, inside the stop-joint, is connected 
in the field through the pipe, 17, to the terminal at the 
higher pressure, each terminal being at the pressure 
given by the height of the reservoir.-of, the section to 
which it is connected. In this way, the oil in the tank 
is always at the same or at a higher pressure than the 
oil inside each of the insulators and‘the porcelain is 
subjected only to compression. • 

Terminals. Each manufacturer .Supplied the ter¬ 
minals to be used* on his own cable, The general con¬ 
struction of each of the two types is shown in Figs. 7 
^ind 8! r 
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Manufacture, Inspection and Testing of 
the 132 , 000 -Volt Cable 

By Wallace S. Clark s 

t , Associate, A. I» E. E, 

There are certain novel features in the manufacture 
of the cable which are, we hope, of sufficient general 
interest to warrant their introduction here. 

In order to secure q central passageway through the 
conductor, a spiral of hard-drawn copper strip was 
formed and the wires composing the conductor proper 
were stranded around this. Special^ machinery was 
installed to make this spiral and special, precautions 
had to be taken in stranding the individual wires around 
it, the inner layer of wires being dented to give free 
circulation of oil. 

The wood pulp paper used in forming the insulation 
wall was of three different thicknesses and varied in 
density, the thinnest and densest paper being put 
next to the conductor where the electrical strains are 
greatest; then the intermediate paper, and on the out¬ 
side, the least dense and thickest paper. 

After the core was completed, a radical departure 
from ordinary practise occurred. The insulated core 
had the first lead sheath applied, was wound on a reel 
and heated by immersing it in a steam bath. The ends 
of the cable were sealed and insulated leads were 
brought out through these seals. 

The exhaustion of the heated cable core with vacuum 
pumps was the next step. 

Measurements of the power factor of the cable and 
the insulation resistance between the conductor and the 
lead sheath during the evacuation were taken periodi¬ 
cally. The particularly interesting point in this process 
is that if the lead sheath has any imperfections in 
it, moisture (steam) will naturally be sucked in through 
these imperfections, and the electrical measurements 
made will indicate that this is happening.^ This makes 
it improbable that there should be undetected faults 
such as porous spots or pin-holes in the lead. 

When the desired electrical measurements were 
obtained, oil, which previously had been given a 
special treatment for purification and for the removal 
of all absorbed gases,—(ordinary transformer oil will 
absorb from 15 to 20 per cent of its own volume of 
air),—was admitted to the central core very slowly, 
saturating the paper wall. 

The cable was finally cooled down under oil pressure 
and when room temperature was reached, it was taken 
from the tank and was ready to test. 

After testing, the ends were hermetically sealed and 
the cable was ready to receive its armor and outer 
jacket of lead, / 

,The armoring consisted of wrapping the inner lead 
sheath with treated paper tape; next with a thin hard- 
drawn copper tape; then a second paper tape. The 
cable was then taken back 'to the lead press and leaded 

3. General Electric Company. 


all over, and after removal of the oil, made ready for 
shipment on especially large bodied reels. 

Tests, The specified tests were Similar to those of 
the. A. E. I, C. Specifications, and the principal ones 
were as follows: 

a. Each reel of cable had to stand 175,000 volts, 

alternating current, for 15 min. between conductor and 
sheath. • * 

b. Samples maintained at 0 deg. cent., freezing for 

two hours, were blent three cycles to 180 deg. around a 
drum having a diameter 15 times the diameter of the 
cable, and then withstood 225,000 volts, alternating 
current, for five minutes. * 

e. One full reel of cable from each 15,000-ft. lot was' 
tested with 140,000 volts, alternating current, foresight 
hours. 

d. The original specifications called for a test after* 
installation of 140,000 volts, alternating current, for 15 
min. between conductor and sheath. As it was im¬ 
practical to secure transformers for this, special» 
kenotron testing sets were provided in New York and 
Chicago, and the cable successfully tested with 800,000 
volts, direct current, for 15 min. 

The maximum power factor on any one sectipn of 
cable at room temperature did not exceed H of 1 per' 
cent, and the power factor at 65 deg. cent., maximum 
operating temperature, did not exceed 0.65 per cent. 
The difference in power factors, ionization, when 
measured at stresses of 20,000 and 95,000 volts, 28 and 
132 volts per mil, respectively, did not exceed 0.2 per 
cent. The average figures were very much better than 
these. 

In connection with the ultimate breakdown tests, 
which were performed on these samples after they had 
passed all the required voltage tests, it is interesting to 
note that comparing the breakdown tests with those, 
made on General Electric cables of standard type 
without oil ducts and intended for maximum work¬ 
ing pressure of 75,000 volts, and having only 1/64-in. 
thicker insulation, the short time breakdown voltages 
were about the same; but with long time tests at lower 
voltages, the oil filled cable far out-distanced the 
ordinary type. 

Special Tests. Samples of cable were run 24 hr. at 
225,000 volts, alternating current, without breakdown 
or injury. This was three times the working stress. 

The five-min. breakdown on samples was about 
400,000 and the one-hr. breakdown about 300,000 volts, 
alternating current. 

One special test at Milan ran 30 hr. at 200,000 volts, 
after which the potential was raised to 260,000 volts, 
alternating current, and held for 20 hr. without failure. 

A very interesting feature shown by the special tests 
was that a length of cable could be tested and the 
constants determined; then, after a heating and cooling 
cycle, be remeasured substantially without change in 
the results. This is one of the best guarantees of 
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minimum electrical deterioration which can be deter¬ 
mined by test. 

Duplication of manufacturing processes at Schenec¬ 
tady and Milan was secured through the freely offered 
assistance of the Pirelli engineers and the constant 
interchange of manufacturing data. 

The general results at Milan and Schenectady showed 
'good agreement, even though some of the Milan tests 
were made at 42 cycles instead of 60 cycles, and all 
tests exceeded the specifications by a Targe margin. 

Installation of the 132 % 000-Volt Cable 

By .A. H. Kehoe , 4 C. H. Shaw , 6 J. B. Noe , 6 and 

• Fellow, A. I. E. E. Associate, A. I. E. E. Associate, A. I. E. E. 

.. D. W. Roper. 0 

• Follow, A. I. E. E. 

Location and Description of Route. In New York, 
’the cable runs from the Hell Gate Generating Station of 
The Edison-United Companies, northward through the 
Borough of Bronx and up to the Dunwoodie Distribut- 
*ing Station, in the City of Yonkers, Westchester 
County, a total distance of about 12 mi. The feeder will 
be used to supply the rapidly growing area of Westches¬ 
ter County immediately north of New York City, 
having in mind also the possibility of its use in the 
future as a link inrthe supply of water power from the 
St. -Lawrence district directly into the metropolitan 
area of New York. 

In Chicago, the 132,000-volt feeder runs from the 
Northwest Generating Station of the Commonwealth 
. : dison Company northward to the city line, a distance 
of about six ' miles where it is connected to 30 miles of 
overhead line, continuing northward to the Waukegan 
pfefc’y Station of the Public Service Company of Northern 
^r|J|:x;,'5;'; .'*iIUinois v The line thus serves as a tie between gener- 
ating stations, and transmits power in either direction, 
' *as may bejrequired. As may be seen from the line 
there is a difference in level of 285 ft. 
between the high- and low points in New York, eom- 
"■ - pared with 27 ft. in Chicago, excluding the river 

mim crossing. This difference in topography and grades 
•necessary radical differences in sectionalizing 
e line and the location and operation: of the tanks 

~ _• i.i . V i. . . 


might be maintained on the oil inside the cable, it was 
necessary that the feeding reservoirs be elevated above 
the section of the line being fed. In Chicago, where the 
ground contour was practically flat, this restilt was 
secured by placing the oil reservoirs in towers located 
at the ends of the line and at two intermediate points. 
In New York, it was possible by taking advantage of 
the hills to obtain sufficient pressure with the reser¬ 
voirs located in manholes, except at the two terminals 
of the line. 

Oil from .the feeding and pressure tanks is fed into 
the central core of the cable through lead pipes con¬ 
nected into the stop joints, 

Cable Splices, While' the manufacture of the cable 
at Milan and at Schenectady was practically identical, 
the standard joints were radically different, each 
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Fig, 9—Profiles of 132-ICv, Cable Route 


manufacturer supplying the jointing material to be 
used in splicing his own cable. 

The connectors for joining the hollow core cable 
and continuing the passageway for oil in the center 
of the cable through the joint are similar in the Pirelli 
and General Electric joints. In the center the connec- 
southerly.half of the feeder cable tors have a transverse hole closed by a screw so that 
make; the northerly half, General Electric. an ^ Joint, before it is insulated, can be arranged to 
. —jjy SO, the cable for two phases was supplied by communicate directly with the oil passage in the center 
Electric Company, and that for the third, of the cable. 

.7.4 Pirelli Type. The chief characteristic of the Pirelli 

and Manhole Construction. In both New joint is that the insulating material in the joint is paper 
;,4;^|>rk'and Chicago standard rnethods of duct construe- which has been previously dried and''prepared in the 
ftaMl l * vere U8ed ? The manholes, however, were made factory. This paper is not impregnated, but is suface- 
^ Per cent larger to accommodate the larger treate d to reduce the absorption of moisture which 
tf|W and t0 8ive space for training the cables, on-large mi « ht be collected during the process of jointing, 
ramhsbends. • Another distinct features that the original insulation 

of the cable, after it has been properly penciled, is 
covered with a thin oil silk* tape to reduce seepage of 
oil between the joint insulation applied in the manhole 
^jid the original insulation in the cable proper, the 
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object being to evacuate and impregnate the insulation of 

the completed j oint independently of the cable insulation. 

The treated paper tape is applied by means of a 
special taping machine. 

After the joint has been made up, the lead sleeve 
applied and the cable impregnated, the joint is heated 
by an electric heatingpad, vacuum applied until all mosit- 
ure is removed, after which oil is admitted to the joint. 

General Electric Type. The General Electric joint 
is their well-known “stepped joint” type, the material 
of the insulation being a high-grade varnished cambric, 
hand applied. A copper sleeve is used, made up in 
two parts, telescoping in the middle. After the cable 
has been impregnated, the joint is evacuated, and filled 
with oil, no heating being required. 

Cable Evacuation and Impregnation. The cable was 
impregnated one section at a time, the first step being 
• to evacuate and fill the reservoirs with oil, after which 
the cable was put under vacuum by means of vacuum 
pumps connected at each provisional and stop-joint on, 
the section. This evacuation was maintained for* 
approximately 12 hr. for drawing out any gas or surplus 
oil in the core of the cable. . 

As shown on the profiles, there were many high and 
low points along a section of line; and slugs of oil were 
formed at the low points, while gas would collect at the 
higher points. A suitable test was made at the be¬ 
ginning of evacuation to determine the height of these 
slugs opposing vacuum between adjacent provisional 
joints. The maximum and average heights for the 
slugs were, respectively, 10 and 3 ft. This “slug” 
test served also as a check on the continuity of the cable 
core and connections and permitted a prompt discovery 
of leaks or stoppages. 

After the initial 12-hour evacuation period, tests 
were made to determine if slugs of oil still existed in 
the low points of the line which would interfere with 
obtaining a satisfactory vacuum at all points of the 
section. After these tests proved satisfactory, the 
line was evacuated for approximately 36 hr. If a 
good vacuum was then maintained and no leaks oc¬ 
curred, treated oil was admitted to the line. 

At the beginning of the impregnation of a section, 
oh was admitted to only one phase, the second phase 
being connected when the first was about one-third 
filled, from 8 to 24 hr. later, depending upon the flow 
of the oil and the contour of the section. The third 
phase was connected when the second was about one- 
third filled. Upon the arrival of the oil at each 
provisional j^itj't, it was first drained off into test 
bottles for testing and then the oil was allowed to flow 
into the impregnating bottle until the flow reached a 
satisfactory value. After the pressure of the oil had 
become greater than atmospheric, the apparatus was 
disconnected and the joint closed. „ 

■ V * Operation r 

There;Imyo been no electrical troubles from the timp 


. : 





the cables were put into operation, June 2 for Chicago 
and August 9 for New York, to the time of writing, 
October 20; but there have been oil leaks which in¬ 
quired repairs in stop-joint, gasket of pothead, joint 
wipes, pressure tanks, and lead jacket of cable section. 

In all cases, it has been possible to maintain the line in 
service until convenient to take it off for repairs. 

The maximum load on the lines has been about 46,000* 
kv-a, The manufacturer's guarantee included a maxi¬ 
mum allowable copper temperature of 65 dag. cent., a * 
maximum power factor at that temperature of 1.26 
per cent and a carrying capacity of 91,000 kv-a. .The 
insulation of the cable as delivered, however, had a* 
power factor of 0.5 per cent which permits an increase in 
the rating under identical field conditions to 98,000 kv-a. 

The charging current of the underground line if* 
2400 kv-a, per mi,, or about 25 times the value for a 
300,000-cir. mil overhead line of the same voltag'fe. 
The underground installation in Chicago is e quivalent to. . 
a synchronous condenser of about 14,000-kv-a. capacity * 
and the corresponding figure for New York is 28,000 lcv-a. 

Inspection and Signaling « Special equipment, proces¬ 
ses, and plans are being worked out and special chews of 
men have been selected and trained to locate ahd repair 
any failures that may occur, Kegulaf routine inspec¬ 
tion is being made of the feeding reservoirs and of all 
manholes and the quantity of oil in the feeding’reser- 
voirs and water conditions noted and recorded and any 
unusual conditions reported at once, 

The lines are provided with the usual automatic 
switches to open in case of failure and additional 
devices will be provided to indicate oil leaks as the 
life of the cable is brief, if it is not entirely filled with oil. 

♦ 

Repairs 

Experience has shown that a leaky wipe on a joint in 
a manhole can be repaired - in about 2 hr. by draining 
the oil out of the joint so as to remove the internal 
pressure. A stop-joint was replaced in about 16 hr. ' 
and a section of cable in days. If is thought 
that a failure in a joint which does not involve replace¬ 
ment of cable can be made in approximately 36 to 48 
hrs. If the trouble or the replacement of the length of 
cable involves the entrance of a large amount of air 
into the cable, then it may be necessary to repeat the 
original process of evacuation and impregnation, re¬ 
quiring considerably greater time. 

The time for ail of these operations, however, will, 
vary, depending on the location of the trouble and the 
profile of the section. ? * 

Conclusion. From the foregoing details it .may he 
seen that many vital features employed in the manu¬ 
facture, installation and impregnation of this type of .*$: 
cable will also impart a new direction to the attain¬ 
ment of better and more reliable cables of the ordinary “ 
type. . The indications are that this cable marks? a new 
epoch in cable engineering. 
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A Two-Range Vacuum Tube Voltmeter 
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Synopsis. The design, uses, and limitations of a new circuit battery, are the unique features. The effect of wave-form and the 
employing the three-element vacuum tube as a voltmeter are discussed, elimination of that effect are treated. * 

Two overlapping ran'ges of voltage, together with a single operating ' ***** « 


T HE need for a convenient means of measuring small 
alternating voltages lias long been felt in the com¬ 
munication engineering field. The usual type of 
eleotromagnetie voltmeter is inadequate for two reasons: 
•( 1 ) Comparatively large current is required to operate 
it, and ( 2 ) its calibration is greatly affected by fre¬ 
quency. Both of these defects are more or less in¬ 
herent and can probably never be materially reduced. 
The electrostatic voltmeter, while possessing neither of 
these defects, has others. Its sensitivity is exceedingly 
, low, requiring the use of an optical system for voltages 
less than about 25 volts, and its adjustment is verv 
difficult. 

The versatile vacuum tube, however, possesses 
certain characteristics which make it applicable to the 
•measurement of alternating voltages. 

Various types*ot vacuum tube voltmetersarepossible. 
Onh type uses a variable grid bias voltage which is 
made to balance out the plate current resulting when 
an alternating voltage is applied to the grid. This type 
measures peak voltages. Other types rely upon detec- 
tomietion of the tube. The voltmeter circuit described 
14 , this paper uses the grid bias method of detection; 
this is sometimes also called plate circuit detection. 

Fig. 1 shows in schematic form the circuit which will 
be discussed. In order to obtain a wider range of volt- 
, a ® c and st *H prevent grid current from flowing, two sets 
* of plate and grid bias voltages are provided for, To 
obtain a means of rigidly fixing both of these voltages, 
they are taken as resistance drops in the filament 
circuit. The use of a UX-199 tube, requiring but 60 
milhamperes for the filament, makes it possible to 
supply all* power to the circuit from 45-volt “B" 
battering. Best results are obtained when two'large¬ 
sized, 45-volt units are used in parallel. One set of 
resistances is used for the low-voltage range, the other 
for the higher range. When the higher range is in 
use, the grid is biased beyond the point where plate 
current normally disappears. For a fixed battery 
voltage, there exists an optimum proportion of voltages 
to give both the best, greatest sensitivity and the 

Since th e resistance iii the plate circuit is low (of 

tTeacliing Follow, Department of Eleotried Enginoerine 
Umvewifcr ^Minnesota, Minneapolis, Minn. ^ 

A P t f T^W h - Meeii "9 of District No. 

Ay i, is. is,, Chicago, Hl, t Nov. 88-80, 1987 < 


the order of several hundred ohms), the plate current 
may be considered as vanishing at a bias voltage equal 
to the plate’volta'ge divided by pt. 

Let r 

E = available battery voltage, 

E b = supplied plate voltage (high range) which equals 
the voltage between plate and filament for 
high range, 

e b = supplied plate voltage (low range) which equals 
the voltage between plate and filament for 
. low range, 

E c = absolute value of grid bias voltage used with 
high range, 

e ° = absolute value of grid bias voltage for low range, 
optimum value, " ► 

UX 199 



Fig. 1 Schematic Diagbam of Vacuum Tube Voi.tmetkh 

V ~ maximum peak voltage which can be measured 
°y _^ mnge without grid current flowing, 

v = maximum peak voltage which can be measured 
on low range without grid current flowing, 
a = voltage which when added to would reduce the 
plate current to zero; see Fig 2 
Then, ’ 


e c = 




For the high range, 


E 


~ a (a is positive) 


1± 


( 1 ) 


( 2 ) 


6 of the 


Sta&ltoSt« i5u ; ty betw%en the *«> 


Et = E~ 


12ft. 


( 3 ) 
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Putting E e = V into (3) and combining with (2), Using the guiding equations derived above, the volt- 

E — V ^ » ages, E c , E b , e C) e b , were selected and the resistances 

v ~ fx “ v • (4) shown in Fig. 1 were obtained onr the basis of 60- 

microampere filament current. Thus, E 0 is determined 
For the low range, by Equation (7), E b by (3), e e and e b by (4) and (5), 

♦ e b — E — b ~ e„ ( 5 ) respectively. These values are not.critical. A fila- 

where b is the auxiliary balancing voltage used in the raent rheostat of 30 ohms was used so the maximum 
low range to balance out the normal plate current, drop would be greater than 1.5 volts, permitting-the 4 
I P „ and which was available in the high' range for 

plate and bias voltage. Putting e„ = v into (5) and ' * _ ux 199 _ 

combining with (1), . , I ~ TTD ~ • 
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Fig. 2—Thd Double-Range Design 
=* Plato battery voltage 
- plate filament voltage 
e c » operating bias 

A » voltage ampltacation factor of tube 


Eliminating v between (6) and (4) gives 


• This equation expresses the maximum peak voltage 
measurable ip a continuous two-range design, in terms 
of available battery voltage, voltage amplification 
factor and two design constants, a and b. 

The constant-a is determined by trial and was found 
to be of'the order of one volt.for several 199 tubes, 
Its value is not critical. The constant b is quite 
arbitrary, if R , is adjustable for different tubes having 
different values.of I P0 , beiflg equal to I^R 0 . For 
R, = 50,000 ohms, 6 proved to be about three volts for 
one tube and five volts for another, using 'a 45-volt 
"B" battery qp the source of voltage. < 



Fig. 3—Wiring Diagram op Assembled Voltmeter 

c c » 4.6 volts 9 * 

e b = 33 volts 

E c * 10,6 volts ' 

E h = 30 volts * 


use of dry cells to compensate for drop in B-battery 
voltage. The resistance r' was variable but could be 
rigidly set for a p articular tube. It was found necessary 
to use a variable 100-ohm rheostat to accommodate "the 
three tubes tested. There s a considerable difference 
between the normal plate currents for different tubes. 





Fig. 4—Cabinet, Micro ammeter and Condenser 

In fact, in the tube used in obtaining the data for this 
paper, a current of nearly two microamperes flows at 
the high bias, whereas in the other tubes tested, the 
plate current had entirely vanished at that bias. 

The final arrangement is shown schematically in 
Fig. 3. A* telephone key is used to change from one 
range to the other. A key is also provided to discpnnect 
the voltmeter from the alternating voltage. This key 
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short-circuits, the voltage terminals when the voltage 
is disconnected, in order to prevent the rise in plate 
current accompanying the free grid. The entire 
assembly of tube resistances and keys is mounted in a 
wooden case as shown in Fig.' 4. Terminals are pro¬ 
vided for the battery and the microammeter. In the 
tests herein described, a Rawson-type 501 micro- 
> ammeter having three ranges, 0-20, 0-200, 0-2000 
microamperes, was used. An expensive calibrated 
instrument is not necessary, however; any D’Arsonval 
galvanorfieteiv movement provided with a scale and 
giving a readable deflection on a few microamperes will 
prove satisfactory. A more sensitive meter is not 

• desirable due to difficulty which will be experienced in 
maintaining the false zero. In fact, slight fluctuations 
in battery voltage as well as shocks applied to the 

• tube are observable on the 0-20-microampere range. 
The resistances are of the porcelain, tube-wound type 
and are not especially non-inductive. In the experi- 

• mental work a condenser was sometimes used across 

• the plate-filament as is shown in dotted lines in Fig. 3. 
The tube is mounted in a shock-absorbing socket. , 

Referring to Fig. 1, the application of KirchofTs 
Laws* to the balancing circuit gives the following 
*' equation : 

Let ; 

■'« .. 

l v0 = 7„ when 7 m = 0 

iff* -I„R. (*) 

When an alternating voltage is applied to the grid, 
a ‘hiean increase in plate current, A I P , occurs. In 
i > , flowing from the filament, this increase divides between 
the two filament terminals in the ratio 'K as shown in 
the figure. 

.K}h V. 

S ; ! . Thus, when I„ = I vo + A I„, 

(I pP + [1 — K] A I P ~ i) Ro~ (1/ “I - 0 f 

- ; '■ - (k + fe . = o ( 9 ) 

JgBut v '. f 

K A Jj! + i = In (I®) 

Combining (8), (9) and (10), : ; 

f _ —^ Ro XT* 

I» - A lp + (U) 


' , Equation (11) shows that the calibration is not 
independent of meter resistance. The lowest range of 
-the Rawson microammeter has a resistance of about 
1000 ohms which is not negligible compared with 
R„ - 50,000 ohms. The variation between the resis¬ 
tance of meters of various manufacture but of similar 
| range,, however, is not sufficient to cause more than 
■ 1 per cent error. Equation (11) gives the relative 
meter current in terms of the actual A I P , Ii, and the 
resistances r' and Em. It is to be recognized that 
changes in R* as well as changes 1 in filament rheostat 


(as jnade to compensate for falling battery voltage) 
theoretically change the actual mean increase by 
virtue of changing the plate circuit resistance. The 
value of K is also affected. No attempt has been made 
to obtain a mathematical statement of this; the effect 
is imperceptible. A further effect of varying the fila¬ 
ment rheostat is to cause a slight change in the voltage 
applied to the circuit through the A Ip-Rf drop, t his 
drop for the 30-ohm rheostat is negligible, also, being 
less than about 0.01 volt. 


2 Mi Hi amperes 


Rl + R2*5OO0 A 
To V. tT Vm. as abovo 


vThermocouple 


Mlcroam meter 


Fig, 6—Calirration Circuit 

The following factors determine the usefulness of a 
tube voltmeter in communication measurements: 

1. Variation of calibration with frequency, 

2. Input impedance, 

3. Variation of calibration with waveform, 

4. Sensitivity, 

6. Range, 

6. Stability of calibration. 



0.4 0.8 1.2 1.6 

METER READING 


04 0.8 1.2 1.6 

METER READING 


Fig. 6—Sample Calibration Vacuum Tube Voltmeter 

Low range 1000 cycles 

Low range zero ~ 0 on 0,02 shunt 


Information concerning all of these, factors has been 
obtained in the lab oratory. •. \ - 

Fig. 5 shows the circuit used to calibrate the tube 
voltmeter. This circuit was also used-for much of the 
test work. Calibration curves for the model studied 
in the laboratory are shown in Figs. ,6 and 7. In ad¬ 
dition to the fact dihat grid current reduces the input 


changes in Ru as well as changes in filament rheostat impedance, it biases the grid differently when flowing 
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through different resistances. Tests made usjng no 
grid bias verified this. The flow of grid current thus 
limits the range. 

Inr order to interpret some of the subsequent results 
more intelligently, the effect of wave-form will be 
treated, now. A consideration of the manner in which 
the mean increase in plate current arises shows that, in 
general, wave-shape does affect calibration. For almost 


The per cent error in the above readings was referred 
to the reading with wave-form (c), designated by zero 
error for the reason that it coincided with the calibra¬ 
tion. It can be seen that while none of the wave-forms 
photographed is so distorted as to be considered un¬ 
suitable for most work, errors in measurement may 
result if tube voltmeters are used, unless precautions 
are taken to eliminate them. • . * 


all of the test work, the source of alternating current 
was a Western Electric 8-A oscillator comprising an 
oscillator, voltage amplifier, and , power amplifier. 
Under load, the wave-form of the output current 
departs considerably from a sine-wave. 

For the purpose of studying the effect of wave-form, 
oscillograms were taken of the current wave at different 
loadings. A precision-type radio-frequency milliam- 
meter was used to maintain the current at a constant 
r. m. s. value of 20 microamperes for each load. The 
voltage drop to actuate the voltmeter was taken 
across a General Radio decade resistance box so that 
the voltage wave had substantially the same form as 
the current wave. 




Fig: 8 


The curves given in Fig. 9 show that the calibration 
does not vary appreciably with frequency. For each 
set of curves, a constant voltage across a non-inductive 
resistance was obtained by the aid of a precision thermal 
milliammeter. As would be expected, the use 'of a 
condenser connected between plate and filament 
prevents the’ slight falling off of the curves for higher 
frequencies due to the inductance in the plate circuit. 


High rango 1000 cycles 

High range aero ** 0.14 on 0,02 shunt 

Oscillogram (a) of Fig. 8 shows the wave-form with the 
oscillator loaded most heavily; (b) shows the wave-form 
under light load; and (c) shows the form improved 
slightly by means of a parallel "trap" circuit, tuned to 
400 cycles, the frequency used. The following table 
gives the results: 

TABLE I 

, FREQUENCY - 400 CYCLES PER SEC, 

~\ 1 Volts 

Volts Hoad- Zero Road- Oond. Wave- from For cont 

r.m, s. ing scale lng Scalo m, f, form ctfrvo error 

7.00* 0,18 0.02 1,755 0,2 0 a 7.3G +4.Op 

*7.00 0..18 *0.(52 1,262 0.2 0 a 0.73 *-4,01 

7.00 0,18 * 0t02 1,433 0.2 0 b 0.07 -0.42 

*7,00 O'. 18 0.02 1.388 0.2 0 b 0.00 *-1.46 

,7.00 0.18 0*02 1.400 0.2 0 C 7.00 0 

*7,00 0.18 0*. 02 1.403 0.2 0 c 0.08 *-1.01 

<7.00 0.18 0,02 1.800 0,2 2 a 7.40 +640 

7,00 0,18 0.02 0.3' 2 b .. 

7,00 0.18 0.02, 1.618 0.2 2 c 45.00 -0.67 

0.70 0 0.02 1,346 0 02 0* a 0.701 +0.1# 

0.70 0 1 0*02 ,1.340 # 0.02 0 b 0,700 0* 

» 0»70 0 , 0,02 1,340 0,02 0 c 0,700 0 

♦Oscillator terminals reversed* ! 



10 100 1000 10,000 100.00Q' 

FREQUENCY, CYCLES * 


Fia. 9 —Frequency ■ Characteristic "of* Vacuum Tube 
Voltmeter 

* 

A two-microfarad condenser gave just as satisfactory 
results as one of larger value. 

The input impedance of the tube voltmeter was 
measured with a shielded capacity bridge. The volt¬ 
meter was set up as for usual operation and the input 
impedance was obtained as a function of indicated plate 
current; s'ee Fig. 10. The input capacity was found to 
be approximately 30 ^ p. f. and the input conductance 
was found to be pf the order of 0.004 micromhos. 
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The conductance increasesrapidly as the grid approaches 
a positive potential. At 1000 cycles, the impedance is 
about five megohms*. 

The above measurements show that the input im¬ 
pedance of the vacuum tube Voltmeter is entirely 
satisfactory for use in most communication engineering- 
measurements. The device can npt be used to measure 
Voltage across a condenser unless a conductive path 
exists between condenser plates, inasmuch as the volt¬ 
meter has no grid leak of its own. 
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Fig. 10 —Schematic Diagram of Impedance Bridge , 

* 

. Further notes on the method of calibration may be 
of interest. A frequency of 1000 cycles per sec. was 
used in the circuit shown in Fig. 5. The current was 
kept constant at two milliamperes and the load was 
kept fixed at 5000 ohms, non-inductive. The thermo¬ 
couple, which was of the heater coil type, was calibrated 
with two milliamperes direct current immediately 
befdlre use. The wave-form from the oscillator was 
satisfactory as the oscillator was not overloaded. 
Reversal of oscillator terminals had but little effect. 
Calibration curves were obtained both with and without 
two microfarads between the plate and filament. 
Condenser curves should be used for all frequencies 
about 100 cycles; below 100, the no-condenser curves 
shoufd be used. 

A re-calibration of the voltmeter described, made 
after about 40 hours of service, was found to coincide 
with the original calibration to within the limits of 
accuracy of the standardizing voltage. This is to be 
expected, as the method of adjusting for the false 
zero compensates for any change in emission. The 
change in filament current necessary to so compensate 
makes ‘insignificant change in the operating voltages. 
As the tube nears'the end of .its life, however, its char¬ 
acteristics will change and compensation for the change 
4n emission will not suffice, in general, to retain the 
calibration. 

Aside from the use of the vacuum-tube voltmeter 
as a calibrated instrument to measure voltages, there is 
a wide field of use in which the device may be used as an 
intermediary in measuring a ratio of voltages. An 
illustration is the comparison of two impedances. In 
Fig. 11 is shown the scheme for comparing a scalar 
impedance with a resistance. The Voltmeter is first 
connected across Z z and the deflection noted, or the 

• ' • ' 

i 

^ " MW •. * * • • 

• • ♦. 

-.v:' * • ? ■ • , 
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oscillator output is adjusted to give a conveniently 
readable deflection; it is then transferred to the voltage 
divider which is adjusted to give the same deflection. 
Care must be taken, if the wave-form is unsymmetrical 
with respect to the axis, to impress the same side of the 
wave toward the grid. In comparing an impedance of 
high phase-angle with a resistance, error arises even 
then if the wave-form is bad; for .the harmonics in the 
current wave contribute to the voltage in different 
degrees in the reactance and resistance. This is 
exemplified by the fact that the measured impedance is 
different for reversed oscillator terminals, using the 
correct voltmeter connections as shown in Fig. 11. 
Measurements comparing the impedance of a 100- 
millihenry inductance with that of a resistance showed 
a discrepancy of the order of 5 per cent upon reversing 
oscillator terminals. When an inductance was con¬ 
nected in series with the resistance and the impedance 
of the resistance reduced to the same value as that of the 
inductance, thus making the phase angles in the two 
impedances equal, this discrepancy disappeared. Excel¬ 
lent sensitivity was obtained. The error of measure¬ 
ment was less than 0.5 per cent. 

The tube voltmeter circuit under discussion cannot 
be used, without modification, except where the arith¬ 
metic mean of the voltage measured is zero. Measure¬ 
ments are frequently desired, however, of inductance or 
alternating voltage in iron core coils, transformers, etc., 
while carrying a polarizing or magnetising current. 
One method of making such measurements is to employ 
the grid stopping condenser type of voltmeter. As 
pointed out by W. B. Medlam and U. A. Oschwald,* 
this type of voltmeter, however, has inherent objections 
such as enormous wave-form error, restricted range, and 
some frequency error. A preferable means of making 
the above measurements for transformers is to employ 
the plate detection voltmeter in a circuit shown inFig. 12 


Voltage Divider 



Oscillator 


V.T* Vm. 


Fig. 11 Comparison of Impedances Using Vacuum Tube 
Voltmeter 

which was suggested to the authors by Mr. j. P. Barton, 
late of this laboratory, now of the Westinghouse 
Electric & Mfg. Co. By making r sufficiently low, 
of the order of a few hundred ohms, the current taken 
by the transformer can be reduced to a negligible 
amount; or, if not, corrections can be readily applied. 
Very satisfactory results'have been obtained with this 
circuit in measuring voltage ratios oHransformers, the 
manipulatfon being similar to the comparison of im- 

# *Biblibgrap.Uy, 1. 
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pedances. Here, the wave-form error cannot well as the periodicity of the first term causes it to vanish, 
be eliminated by a choice of voltmeter connections, Performing the integration, 

and the best solution is to employ a good wave-form _ ^ j _ g _ 

whicli, of cou'rse, is desirable from all standpoints. A ^= HeJ [tH < 5 > 

• ^Elimination of Wave-Form Error \ 

Writing I p as a function of E„ alone, as can be done ^ 0W ' substituting (3) in (1), gives for the mean change, 
when the plate circujt impedance is very low and E p _ p j ^ “ 

remains substantially constant, > Alp B = d/E L y’f m Eb k 2 sin 2 (K co t -f a K ) 




Voltage Divider 


<pi v i 

* u K-l 1 , 

n n 

* 

M F» r m Eb, sin (r co l + a r ) 


r** 1 s “1 
r^s 



id.p.d.t. 
r^V.T, Vm. 


s’n (s«( + a t ) d (co t) 


Fia. 12 —Circuit for Measuring Transformer 

CII AR A CTF.RISTICS 


The integi’ated value of the first summation can b$ 
shown to be 

ft 

ir [ M E Bl * + + . . . + M Eb „*] 


Let the steady current and voltage be I vo and E 0O , while the integrated value of the double summation 
respectively, and express the superposition of a varia- 1S zero over the cycle. The mean change in plate 
tion in E a as . current then becomes 

I vo + A h = f(E 0O + A E a ) —j ^ & h [„ , „ , 

Expanding this by Taylor’s theo'rem, B dE 0 2 L Bl ° 2 B " J. 


d 2 1 v~ ~| ' 

“ L“^ '+ "Erf + • • ■ + u E* n * J 


• T _ . „ d_Ij> , AE/ d- J,, 

AI P - AE„ . d E " + 2 ■ dE 2 

AE* d* I.„ 


By (4) we have 

--- -- * * 

A Jp D = A Jp A 

which shows that for the quadratic characteristic the 
wave-form error vanishes. In special cases, the'dis- 


In general, this series would not greatly facilitate 
the study of the effect of wave-form where the varia¬ 
tions E„ and I p are wide, inasmuch as then the deriva¬ 
tives would vary over the range. In particular, 
however, if I p - A (K 4- E 0 ) 2 , the second derivative is 
constant (—2 A) and all higher order derivatives 
vanish. Under this condition, 

„ d I v • AE* d*I p 
Alp - A E a . dEo + 2 dE , • ••* (1) 

It now becomes possible to compare A I v for two unlike 
wave-forms A and B, 

Let 

* A Eo^ - "Ea sill co t ... (2) 

and et 

♦ 

A Eo a = M E Dl sin u ( + M Z? E . 2 sin (2 co t -J- at) 

+ m Eb 8 sin (3 oj t+«a)+ ... sin (n co£+«“) (3) 

Further,'let*' * 

m Ea = ^ M E Bl + m Eb 2 + ... + *%,„' . (4) 

t<4 express equal r. m. s. values. Substituting (2) in 
(1) and integrating over a fundamental cycle to obtain 
the average change in plate current/. A I p , 

—— i cpi: i V..._ . 
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Fiq, 13—Variation of Wave-Form Error with Bias 

crepancy -between two unlike wave-forms may vanish 
for a non-quadratic function, but this will not be so in 
general, as a consideration of the graphical treatment 
clearly shows. \ 
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The significant thing about the above demonstration 
is that the vacuum tube voltmeter may be freed from 
its greatest limitation by confining the range of varia¬ 
tion of grid voltage to a substantially quadratic portion 
of the curve. No previous ireatment.of this fact by 
others has been found by the authors. 

Certain types of tubes display characteristics well 
‘suited for use in eliminating wave-form error. The 
low-ju power tubes, in general, have a relatively wide 
range of grid voltage over which the characteristic is 
quadratic! Fig. 13 shows the plot of the square root 
of plate current as a function o(’E 0 for a UX-171 tube, 
t ancf shows a range of about 27 volts over which the 
straight line indicates a constant second derivative. 
That’.the wave-form error is negligible over this region 
is shown by the other experimental curves of Fig. 13. 
•They show the percentage difference between reversed 
rgadings for the unsymmetrical wave-form (a), pre¬ 
viously referred to. The percentage is taken with 
•respect to the readings reversed the same way through¬ 
out. These curves show that if the tube is operated at 
a bias voltage near the center of-the quadratic region, ja 
voltage considerably in excess of the quadratic limi ta¬ 
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: 3 V ‘Fig. 14t~tStatic Characteristics op Vacuum Tube Voltmeter 

lli 

pp|;,r-\;;-.^ipn may be applied withoht wave-form, error. Thus Mv „ v , vt , , 
t * , ^e 16-volt r. m. s. curve shows no error when operated pected to 

j ^ . at -20 volts bias although th£ peak of the wave is over 40 hr. 

t&e’sfeiqnnrnvim^folv 9Q tr/Ufo ^ v.lUt ~ c _» 


voltmeter reads r. m. s. volts independently of wave- 
forrrf does not, of course, permit the indiscriminate 
use of any “wave-form. In fact, in some instances, it 
might be desirable to use a voltmeter which would, by 
reversing terminals, detect an unsymmetrical wave¬ 
form. 

Although the two-range voltmeter described herein is 
not capable of wave-form error elimination, its useful¬ 
ness is not'necessarily impaired, It does, however, on 
the higher range tend to exaggerate differences in wave¬ 
form. In passing, it may be said that this exaggeration 
is greater, according to the authors' beliefs, in the grid 
stopping condenser type of voltmeter than in the plate 
detection type. In fact, the former partakes largely 
of the characteristics of a peak voltmeter. 

Of the six features of the vacuum tube voltmeter 
which were set down at the outset, the following may 
be said in summary concerning the two-range type 
studied by the authors: 

, 1. Frequency has but little effect on the operation 
and this effect can be eliminated by the use of the by¬ 
passing condenser, 

2. The input impedance is high, of the order of several 
megohms, and the power factor is low, __ 

3. Differences in wave-form are exaggerated but not, 
for commercial wave-forms, objectionably so, 

4. The senstivity is higher, perhaps, than that of 
most other communication-frequency measuring instru¬ 
ments. On the instrument designed by the authors, 
changes of 0.01 volt on the low end of the range, and 
changes of 0.05 volt on the high end are readily 
detectable, 

5. The range is inherently low, covering, probably, 
a band of voltages from a tenth or a few tenths of a volt 
to about 10 volts, 

6. The stability of calibration over the entire life 
of the tube, is questionable. Experiment showed, 
however, that in general the calibi’ation could be ex¬ 
remain constant for periods of operation of 


rig. .M: snows me jl p ~ a, curyes tor the voltmeter 
* • described herein. The whve^form error throughout the 

low-range was found to be negligible for any of the wave- 
1 ' forms Studied, despite the fact that the departure from 


i 


M. 

* * quadratic variation is qui^e marked. It is only when 


IPS? 


the normal bias voltage is considerably in excess of that 
•for which the plate current vanishes/ that slight dif¬ 
ferences in wave-form are manifested by different 
plate current. The plate current then 

> t . " iV:L' A .«••••• ' - 
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In 1927 United States consumers purchased a half , 
and any . , billion of incandescent lamps which was*some 24 million ! 

.•bmifioowf , A U„. _. ,; , in 1926) the twelve . mofith 

l the largest in the history 

_ sale of large lamps has doubled, 
miniature or small lamps tripled. 
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Illinois Central Suburban Service' 

First Year of Electric Operation in Chicago 


BY w. M. VANDERSLUIS 1 

Associate, A. I. E. E. 


Synopsis, This paper gives operating records of the first year 
of electrical operation of the suburban service of the Illinois Central 
Railroad. It shoios monthly curves of load, kw-hr. per car-mile, 
maximum demand, load factor and temperature. U also shows 


monthly curves for the last four years of passengers, car-miles, 
seat-miles and operating income . The improvements in service 
arc enumerated and the general results at this date are discussed , 
***** 
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Steam Operation 

O N ’July 21, 1856, the Illinois Central Railroad 
started suburban service in Chicago by running 
four trains each way between down-town Chicago 
and Hyde Park. It is recorded that the first train to 
Hyde Park did not carry a single paid passenger. 

This service was gradually extended until, in July 
of 1926, there were in regular operation on each normal 
week day, a total of 898 trains with service extended to 


and in the period of abeut five weeks, theelectricservice 
was built up to a total of over 360 trains. These were 
all operated, of course, on the existing steam time-table,* 
as there was still a considerable number of steam-trains 
in the service. 

The first electric time-table was put into effect on» 
August 28th, with a total of 396 revenue trains. On 
account of a shortage of new equipment it was still 
necessary to run six trains by steam, but these were • 


Branch. In the year 1925, this steam service carried a 
total of 24,000,000 .paid passengers. Approximately 
285 coaches, mostly of wood construction and with an 
average seating capacity of 66 persons, were used in this 
service. About 60 locomotives were necessary for the 
daily operation. 

Electric Operation 

.Electric operation for the suburban service has been 
agitated for years by various civic bodies, and the first 
formal report on feasibility and costs was made in 
November, 1909. This was followed by several other 
investigations and reports, but the railroad did not agree 
to the project until the passage of the so-called Lake 
Front Ordinance in 1919. This provided that the 
suburban service, should be completely electrified by 
February 20, 1927. The commitment of the Illinois 
Central to electrify its tracks in the City of Chicago was 
a part of its general agreement with the City of Chicago, 
the South Park Commissioners and the War Depart¬ 
ment, covering riparian rights, changes in grades to 
permit of easy access to the lake front and changes in 
property ownership. 

On July 21, 1926, exactly 70 years after the first 
steam service was started, three electric trains were 
operated each way in the local service between 
Randolph Street and Hyde Park. It will be noted 
that the electric service was started seven mqnths 
before the time failed for in the Lake Front Ordinance. 
The second week 80 trains were operated each day 

*For descripfciotf of Illinois Central Suburban Elec trifle ati on, 
neo+Journal of Western Society of Engineers, March, 1920, Vol, 

: j'si 3* General ^Electric Review* April, 1927, VoL 30, 

1. Electrical Engineer, Illinois Central^ailroad,Chicago,111, 

Presented at th$ Regional Meeting of District Ho. 6 of the 
MimM^Okmgo, III., Nob. 28-80,1927. 


To-day, 470 revenue trains are being operated on a 
normal week day. In addition there are 14 Equip¬ 
ment trains and 72 Chicago, South Shore and South* 
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Pig. 1—Operating Curves Before and Aftj^r Starting 
Electric Operation on Illinois Central Railroad 
These ciu*vos show ilio number of revenue passengers per month, 
car-miles per month, hundreds of seat-miles pov montlijjaiul number of 
week-clay trains per day 


Matteon on the South, to South Chicago on the South’ confined so far as possible to those carrying shop -* 
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Bend trains, the latter being operated between Kensing¬ 
ton and Randolph Street. This is a total of 556 electric 
trains. * 

Electric service was put into effect without any* 
serious accidents or interruptions and has so continued. ki'iv- 
during the first year. 

Due to the fact that all of the motor-trailer \car unitsv.k/i ./jfW 
are uniform in design and in operating characteristics, 
the preparation of time-tables and the handling of , ■ a 

equipment at terminal points has been, greatly ^'•'*** 

simplified.' ' >•••'. 

Fig. 1 shows by months the revenue passengers.^#';'; 
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carried, car-miles and seat-miles operated and the week 
day trains in service. 

Improvement in Service 

Of particular interest is the improvement in running 
times due to electric operation. The latest electric 
time-table shows - decrease in running times over the 
.old steam service of from 11 to 28 per cent for the 
various classes of trains, the larger percentages resulting 
foj[' trains to Kensington and beyonjl. 'The decrease 
in over-alt time results from high maximum speeds and 
by the use of* high accelerating and braking rates. 
Acceleration is at the rate of 1J4 mi. per hr. per sec., 
•which is about six times as rapid as that of through 
passqnger steam trains. Under normal operation, a 
train ♦will reach a speed of 28 mi. an hr. in 20 sec. 
After that point, the rate of acceleration falls off but on 
level tangent track a train will reach a speed of 50 mi. 
per. hr. in two minutes. With present average voltage 

# conditions, balancing speed is about 64 mi. per hr. Al- 

• though comparatively high braking rates have been 
accomplished on the steam trains, these also have been 
increased so that electric trains brake at the rate of 1 % 
mi. pei* hr. per sec. It is significant that large decreases 
Jiave been made in running times even on runs where 
more stops are made than formerly. 

There has been a large gain in electric operation as 
compared with steam operation from the stand-point 
of operating a congested terminal. This improvement 
will become of greater importance as the service grows, 
inasmuch as under steam operation the limit to the 
number of trains physically possible to move in or out 
of the Randolph Street Terminal was rapidly being 
approached. It is readily apparent that this gain is 
piade by the elimination of movements necessary for 
steam engines in changing ends of trains, and also in 
♦being brought from and taken to the engine terminal, 
since these movements must be made over the tracks 
serving useful train movements. The electric train 
requires only the normal loaded movements over these 
busy sections, except when brought from or taken to 
storage tracks at the beginning or end of rush hours. 

The speed and reliability of electric service has been 
further enhanced by other improvements of the entire 
terminal. These include changes in the grades, rear¬ 
rangement of tracks, elimination of railroad grade 
crossings, installation of high platforms at all suburban 
stations, installment of additional interlocking plants 
and rebuilding of the entire automatic block system 
‘to conform to electric traction requirements, a great 
part of which had been completed at the time of begin- 
hing electric operation. 

Equipment 

: |j The results obtained from the motor-trailer combina¬ 
tion have been satisfactory to the operating officers. 
The elimination of all steps on the cars for regular 
operation which requires high platforms, the use of 
sliding, doors, fully enclosed vestibules, tight lock 


couplers, automatic acceleration and electropneumatic 
braking have all tended to increased convenience of the 
passengers and to safety and speed of operation. 

The employment of a large amount of aluminum or 
aluminum alloys in side and roof sheets, doors, conduit 
and fittings has materially reduced the weight of'the 
cars and, thereby, the operating expense. 

' For the year ending September 1, 1927, the average 
cost for maintaining the cars has been about six cents 
per car-mile. The weight of the motor car is 70.65 
tons and the trailer 44.27 tons,--an average weight per 
car of 57.46 tons. 

Delays due to electrical equipment have been very 
few and no radical changes in design have been found 
necessary. Minor changes incident to new designs 
have been made, but at very slight expense. 

Fig. 2 shows the kw-hr. per car mile with 
corresponding average temperatures. Electric heating 
of cars is, of course, largely responsible for the varia¬ 
tion between the different months, but changes in 
‘time-table also affect it slightly. 
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Fig, 2—Curves Showing Monthly Opeeaiing Records 
With Electric Service (Temp, in deg, Faiiu.) 

Theso curves show monthly averages of temperafcuro and kw-ln\ per 
car-mile, monthly load factor and monthly maximum donmncl. 


Power Supply 

For the year ending September 1, 1927 the total 
energy supplied under the contract with the Common¬ 
wealth Edison Company was 67,274,512 kw-hr. Of 
this, 92.7 per cent was for traction purposes including 
heating of cars, 6.1 per cent for light and power, and 
1.2 per cent for signals. 

Fig. 2 also shows the maximum demands by months 
and the variation with the temperature. 

The contract provided that the railroad company 
guarantee a 30 per cent load factor. Fig. 2 shows 
the variation in the load factor. It will be noted that 
it is well above the guarantee. 

Fig. 3 shows typical summer and winter week day 
load curves. 

The supply of energy by the power-company in 
specified feeders to the right-of-way line of the railroad 
company from the seven substations has been looked 
upon from some quarters with misgivings. This requires 
that not qnly the conversion machinery but all pro¬ 
tective apparatus in the raijroad company's feeders be 
maintained by the power company.' The railroad 
company, however, has taken over,, under normal 
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operation, the control of all traction feeders by use of 
its supervisory control system. 

So far the results obtained have been’satisfactory 
with * the power company’s broad-minded policy in 
operating under the necessarily somewhat compli¬ 
cated agreement. 

Discrimination of the high-speed circuit breakers 
has been excellent. The overhead network on a multi¬ 
ple track railroad such as this installation covers is 
complex due to a necessity, in case of a fault, of having 
a minimum amount of track out of service.. Isolation of 
individual sections in case of trouble has come up to 
expectations with very good protection to line and 
equipment. Furthermore, the power supervisor con¬ 
trolling the traction feeders has immediate informa¬ 
tion as to opening of breakers. He is located in the 
office of the train dispatcher, so that by working close 
together, trouble from a train going from a live to a 
grounded dead section has been minimized. The use 
of wayside signals indicating a dead trolley section'at 
points where the sectioning is outside the limits of 
interlocking plants has also saved burn-outs of overhead. 

The>cold weather of the first winter indicated that a 
few minor changes,* especially in pull-offs, were desir¬ 
able. The delays which have occurred, however, have 
been small considering the size of the installation and 
the number of trains operated. 

General Results 

As indicated on Fig. 1, it is apparent that the travel¬ 
ing public will use a clean, fast and reliable transporta¬ 
tion system. The off-peak business has increased 
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Fig. 3-—Typioai, Summmr and Winter Week-Day Load 
" Curves and Temperatures 
Full lines are for typical summer day, July 27, 1927 (time table No. 5), 
Dotted "lines are for typical winter wook-day curve, January 25, 1927 
(time table Uo. 
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materially, whi'ch, of course, is the most satisfactory 
business to have. 

^ "As announced in the newspapers recently, the 
operating income is now on the right side with an 
indicated profit of about $530,000 for the year 1927 as 
against a loss for the year 1926 although the electric 
service was fn operation four complete months during 


that year. It is pointed out, however, that 
these figures do not take into account any in¬ 
vestment in road and equipment. In providing 
the electrified service the railroad spent ten and one- 
half millions of dollars for new equipment, about four 
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Fig. 4—Curves Showing, Monthly Net Operating Income 
* and Number of Passengers Carried per Month 
Figures for Illinois Central suburban service including Olitcago, South 
Shore and South Bond Railroads * 
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millions for electrical work, including Overhead, switch¬ 
ing equipment, return system and miscellaneous, "and 
about nine and, a half millions for rearrangement of 
old tracks, new track and station facilities and separa¬ 
tion of grades, or a total of twenty-four millions in 
improvements only. An additional twenty millions 
of dollars was spent in the rearrangement of the termi¬ 
nal facilities fpr the whole electrification project. 

Fig. 4 shows the relation between operating income 
and passengers carried for the three and one-half years. 
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TRANSLUCENT BLACKBOARDS 

In connection with the annual meeting of the Ameri¬ 
can Physical Society, held during the past summer in 
Reno, Nevada, a paper covering the latest^development 
in blackboard illumination was presented, by W. H. 
Weniger and PI. R. Yinyard of the Oregon Agri¬ 
cultural College. The following extract of the paper 
appears in the Physical Review for September: 

“The solution of a difficult problem in blackboard 
illumination was obtained by abandoning the usual 
opaque board and substituting therefor a ground glass 
surface uniformly illuminated from the rear. With 
customary room illumination, part daylight and part* 
electric, everything on this “blackboard” was visible 
from all parts of the room, even from points making 
an angle of only 10 deg. with the plane of the writing 
surface. Incidental advantages gained are: ease of 
erasure; ability to use the surface as a translucent 
screen for projecting lantern slides with the possibility 
of adding chalk lines to projected diagrams; ability to 
intersperse chalk talks with lantern slides Without 
changing the general room illumination.” 
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Synopsis.—It is the purpose of this paper briefly to discuss, 
£rom a practical standpoint, the application and design of synchro¬ 
nous motors for sled-mill main-roll drives, in an effort lo show what 


their advantages and disadvantages are; where they should , and where 
they should not , be used ; and ivkat special precautions must be taken 
in the design of motors for this service . r 


D RIVING main rolls of steel mills is universally- 
recognized as very heavy cluty. The loads are 
• high, and are applied and relieved very suddenly. 
Consider the case of a motor driving a single stand, 
Pig. l.» Between passes it will run with only 5 per cent 
to 10 per cent load, due simply to mill friction. As the 
metal strikes the rolls the load jumps almost instantly' to 
possibly 100 per cent or 150 per cent of normal, and is 
as suddenly reduced when the metal leaves. This 
happens several times a minute. If such a drive 
has been properly selected, several passes on each bloom 
or billet may require 150 per cent to 175 per cent normal 
load on. the motor. The load is intermittent in char¬ 
acter, 'so -that the motor is selected with the idea of 
permitting some* Of the passes to come lip to these 
limits, so long as the r. m. s. value of the load is within 
the normal rating of the motor. If the heavier passes 
are of not more than three or four seconds duration a 
flywheel may be utilized to reduce the peak loads on 
the motor and power system. 
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Motor 

Fig. 1—Bo7,ung Mill, Single Stand 

• 

"With a mill having a train of several stands as in 
Pig. 2 or with a continuous mill as in Pig. 3, the drive is 
not subjected to quite as severe shocks as with a single 
stand, for it"is apparent that as a piece of metal enters 
the mill the stands are filled in succession until all are 
full.; The load incieases to the maximum value in a 
numher of steps, and is similarly reduced. 

The torque required to start a mill from rest is often 
ijuite high in comparison to the capacity of the driving 
motor. This is especially tr^ie in cold weather, as 
yery heavy grease is used on the roll necks and pinions, 
and this becomes very hard at low temperatures. Mills 
used for cold rolling thin sheets, which operate with 
very high pressure between the rolls and, consequently 
on the bearings, may require, as much as 200 per cent 
of normal motor torque to break them loose. 

i. Both of General Electric Co. . Schenectady, N, Y. 

Presented at die: Regional Meeting : of district No. 6: of lfe\ 
A. T. Chicago, III., Nov. 88-80, 1987. 


In addition to being able to start the mill, and carry 
heavy and sudden overloads, the drive must usually be 
capable of withstanding “plugging” in order to bring 
the mill quickly to a stop in case of a “cobble” or other 
mishap. Any piece of metal which fails to go through 
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Fla. 2 — Roll Train op Three Stands 

the mill properly is termed a “cobble.” As soon as 
the operator sees that the steel is not going through as 
it should, he “plugs” the motor by disconnecting it 
from the line and then applying power with reversed 
phase rotation. After the mill stops, if the metal is 
not clear of all the. stands, the portions between stands 
are cut out arid then the motor must start the mill in 
the reverse direction to back out the pieces in the rolls. 

Considering these conditions which a main roll drive 
must meet, it is not remarkable that for nearly all 
constant-speed electric drives induction motors of the 
wound-rp tor type have been used. This type of motor 
has excellent starting characteristics, will carry heavy 
overloads, and withstands much abuse. In common 
with all induction motors, however, its power factor is 
lagging, and very much so in low-speed machines. 
Now, the main rolls and lay-shafts on heavy mills do 
not'run at high speeds, and it is often desirable to 
direct-tonnect the motor, so that there are now in 
service many low-speed motors, operating at low power 
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Fia. 3— Continuous Mill' « 


factors. As a matter of fact, one reason for the use of 
25-cycle power in numbers of steel plants is that low- 
speed ?5^cjfele motors have better power factor than 
the corresponding •60-cycle, machines.. The use of 
higher speed motors driving through reduction gears" 
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has helped the situation somewhat, but has still left 
much to be desired in the way of power factor 
improvement. • 

Unquestionably* the desire for a better operating 
power factor has been the chief factor in bringing the 
synchronous motor into consideration in steel mill 
service. It possesses, however, advantages other than 



Fia. 4—9000-H.F., 107 -Rkv. per Min., GGOO-Volt Synchron¬ 
ous Motou D hiving a Continuous Siiket Bar Mir ,l 

This motor 1ms a Rroator continuous horsepower ratine than any otlior 
motor In Industrial service* 

* 

its good power factor, as well as some disadvantages, 
and these will be brought out in the following detailed 
comparison of the characteristics of the two types of 
machines. 

Field of Application.of Synchronous Motor 

The field of application of the synchronous motor 
in main-roll service is limited to strictly constant-speed 
drives. This eliminates it from consideration on 
reversing mills,—mills requiring flywheels, and mills 
needing adjustable speed. 

It is not as a rule advisable to attempt to apply it to 
any type of mill which may have to bq> started with 
metal in the rolls, such as a cold strip mill, nor to cold 
sheet mills, which have excessively high friction. Such 
mills may require at starting considerably more torque 
than' is needed to carry their full load at full speed, and 
unless the motor is sufficiently small in comparison to 
the power system so that it can be started at full voltage, 
difficulty may be experienced in getting started and 
synchronized. 

In connection with constant-speed continuous mills 
of the type shown in Fig. 8, looping mills as illustrated 
in Fig. 2, an'd in fact, almost any constant-speed hot 
metal mill, the synchronous motor deserves very careful 
consideration^ Every individual case must be studied 
very thoroughly to make certain that no misapplies-, 
tions are made: Careful thought must-be given not 
only to the full-load rating required, but also to the 
maximum torque that may Ije necessary to break the 
mill from rest iftxler the most adverse conditions; to 
the maximum torque needed at pull-in; to the torque 
required to back out cobbles; to the maximum peak load 
„ that may be Encountered; to the kv-a. demand that idjp 


power system can stand without disturbance, while 
starting the motor; and last, but not least, to the charac¬ 
teristics that can be obtained in the motor, to determine 
whether it can meet the, requirements. 

Starting Characteristics 
Practically the only reason synchronous motors have 
not been widely used on mill drives in the past is because * 
their starting characteristics are not so desirable as 
those of the wound-rotor induction motor. For 100 
per cent kv-a. input the induction n^otor" develops 
approximately 100 pen cent rated torque at starting, 
whereas the synchronous motor will give from 30 per 
cent to 60 per cent starting torque with the same kv-a.'’ . 
input at a much lower power factor. However, the 
torque obtainable from a synchronous motor is ample 
to start most types of mills, and its. other advantages, 
make it the logical choice in many cases. 

By proper design, good starting torque character¬ 
istics, as shown in Figs, 6 and 6 can be obtained in mill „ 
type synchronous motors with a single squirrel-cage - 
winding. The double squirrel-cage has, at times, been 
considered, but in each case it has been found that by 
the proper choice and distribution of materials in the 
bars and rings, the proper spacing of the bars with- 
respect to the stator slot pitch and the depth and width 
of the slots in the pole face over the bars, the torque 
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Fig. 6—Starting Ch ar agtemsttob of 05GO^H, P., 0.8- 
Power Factor, 187-Rev. per Min., 6000-Vot/r, 25 -Cyclb* 
Synchro nous Motor, from Test Data 

requirements have been amply met with a single squirrel- 
cage. In practically all cases it has been found possible 
to obtain more than sufficient torque to start and bring 
the mill to synchronous speed, or to even back out a 
cobble, with from 70 per cent to 100 per cent normal 
kv-a. input. Unlike that of the squirrel-cage induction 
motor the squirrel-cage of the synchronous motor can 
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be changed in design at will, with a corresponding 
change in torque characteristics, without affecting the 
efficiency of the synchronous motor during its normal 
operation under load. 

The curves shown give the torque and kv-a. values 
with full voltage applied to the motor. In normal 
, operation of course, these large motors are started at 
reduced voltage obtained from a suitable auto-trans¬ 
former. For example, the 6500-h. p.,.187-rev, per min. 
motor for. which starting torque and kv-a. curves are 
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Fig. 6—Starting Characteristics of 5000-H.P,, 0.85- 
Power Factor, 240-Rev. Per Min., 2200-Volt, 60-Cycle 
Synchronous Motor, prom Test Data 

• 

shown is regularly started on 32 per cent voltage. 
Since the starting torque and kv-a. input varies as the 
^square of the voltage, it is apparent that under this 
condition the motor demands only 60 per cent of 
normal kv-a. and gives about 36 per cent of its normal 
torque. This has proved ample to start the mill under 
all conditions. Similarly, a $000-h. p„ 107-rev. per 
min. motor *is always started at 32 per cent voltage, 
giving 27 per cent of normal torque with 70 per cent 
normal kv-a. 

The “pull-in” torque, or the torque available at 
approximately 95 per cent synchronous speed before the 
applictttion of field, must of course be in excess of the 
mill friction at .this speed, but can be considerably less 
than the starting torque, as the latter must overcome 
.the ''dead” friction of the mill, with the bearings 
practically dry. 

fit The fields of these motors are usually wound for 
^citation, and if the field were left open- 
starting the induced voltage across the 
ripgs, with 33 per cent normal voltage applied to the 
stator, would be from 5000 to 10,000 volts. .In order to 
protect the operators from the induced field voltage it 
^ the'practise when starting, to close the field circuit 
through a discharge resistance, While this increases 


the starting current and decreases the starting torque 
to some degree, it also increases the pull-in torque. 
The amount and capacity of this resistance to give the. 
best torque characteristics can b£ determine'd by. 
calculation. . 

A synchronous motor may be plugged for'a quick 
stop, by first opening the “forward” breaker and 
removing field, then closing the ^reverse” breaker and 
connecting*the motor to the starting tap of the auto¬ 
transformer.. The current drawn when plugging is 
approximately 1-5 per cent more than the starting 
current, and the torque developed about 75 pec cent of 
the torque at starting. 

Maximum Torque 

A synchronous motor can be designed for fully as high 
maximum or pull-out torque as an induction motor and 
for steel mill service this pull-out torque varies from 
225 per cent to 300 per cent of normal full load running 
.torque. The synchronous motor has the advantage 
that for any reduction in applied line voltage the pull¬ 
out torque decreases only in direct ratio to the voltage, 
whereas the torque of an induction motor decreases as 
the square of the voltage. Furthermore because of its 
better power factor, the synchronous motor helps to 
maintain the voltage at its terminals; consequently the 
drop in line voltage due to a given load is not likely to 
be so great as if an induction motor were used. 

Power Factor 

One of the most desirable features of the synchronous 
motor is its ability to improve the power factor of the 
system on which it operates. It is usually designed to 
give a leading power factor at normal load, and will then 



Pig. 7—Approximate Reactive Kv-a. Available tor Power- 
Factor Correction, with Field Excitation Constant at 
Normal Load. Valve 

furnish a considerable amount of corrective lcy-a. at all 
loads up to a considerable overload, as shown in 
Fig. 7. The low power factor of low-speed induction 
motors, particularly 60-cycle machines, has necessi¬ 
tated the use of reduction; gears in some cases where lor 
other reasons a direct drive would have been preferable. 
The use «f synchronous rrfotors permits direct drive 
with low-speed machines, operating at unity or leading 
power factor. v 
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Efficiency 

* • 

Two curves are shown, illustrating the very high 
efficiency obtained from large synchronous motors, 
both 25 and 60 cycles. The fact that approximately 
76 per cent efficiency is obtained at 5 per cent of normal 
load is quite noteworthy. 

The full-load efficiency of synchronous motors for 
steel mill service varies from 0.5 per cent to 2 per cent 
more than that of the corresponding induction motors. 
This better efficiency of course means some saving in 
power cost. 

Operating Voltage 

Synchronous machines can very readily be built for 
any operating voltage up to and including 13,200. 
While a very few induction motors are operating at 
13,200 volts, it is better practise not to exceed 6600 volts 
on an induction motor, as the design becomes difficult 
and the machine expensive. 



Percent load 

Pi q, 8—Efficiency of 9000-IT. P. t 1.0 -Power Factor, 107- 
Rev, Pun Min., 0600-Volt, 25-Cycle Synchronous Motor, 
from Test Data 

Excitation 

One disadvantage of the synchronous Machine is that 
it requires a separate source, of excitation, while the 
induction motor does not. On an important drive it 
is wise to employ an individual' exciter, either direct 
connected or driven by a separate motor. The excita¬ 
tion voltage is always 250, so that as an emergency 
source the 260-volt d-c. power circuit which exists in 
all steel mills can be used. 

Floor Space 

The amount of floor space required by a synchronous 
motor is almost invariably, less than that needed for an 
induction motor of the same rating. One reason for 
this is that it is? the usual practise to make the motor 
base long enough so that the stator can be moved along 
the shaft a sufficient distance to make both rotor and 
stator windings accessible for cleaning or repairs. 
Tlie rotor of an induction motor is inherently somewhat 
longer than that' ®f a synchronous motor, because of the 
space required, for. the end connections of the coils on 
the former, and this necessitates a greater sjjace for 
movement of the stator. • 


The following table shows the relative base dimen¬ 
sions of the two types of motors, fpr several different 
ratings: 

• Floor Space 

Eating Synchronous Motor Induction Motor 

Rev, "- ? , 


H. F. 

per min. 

Cycles Ft. 

In, 

Ft. 

In. 

Sq. ft. 

Ft. 

In. 

Ft. 

Tn, 


0000 

107 

25 

18 

0 

X 

24 

8 

= 445 

20 

7 

x 25 

0 

» 515 

6500 

187 

25 • 

17 

5 

X 

15 

7 

= 272 

16 

7 

x 19 

3 

=» 319 

5000 

100 

00 

13 

2 

X 

21 

11 

- 288 

16 

8 

X m 23 

11 

=> 398 

5000 

240 

00 

13 

8 

X 

14 

2 

195 

1* 

O 

x 10 

0 

~ 224 

6000 

83 

25 

14 

’ 3 

X 

19 

0 

- 282 

16 

0 

x 20 

0 

« 300 

1500 

300 

25 

10 

10 

X 

11 

8 

- 123 

12 

3 

x 11 

0 

» 143 

• 



Pig, 9— Efficiency of 5000-H.P., 0.85-Power Factor,^240- 
Rev, Per Min., 2200-Volt, 60-Cycle SYNCirnQNOua Motor 
from Test Data 



Pig, 10—Stator Frame Fabricated .from Steel Plates 
and Bars 

Speed Control • 

Control, or rather adjustment, of the speed of a syn¬ 
chronous motor in mill service is of course impractical, 
and its use must, therefore, be confined strictly to 
constant-speed mills. This fact also eliminates it 
from consideration on any so-called constant-speed 
mill on which a flywheel is necessary, for to get any 
beneficial, effect from the wheel the speed must vary 
inversely with the load. 

The fact that the motor runs at truly constant speed, 
except for what variation in frequency occurs on the 
system, is an advantage on some types of mills. For 
example, if the product from a continuous mill of the 
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type shown in Fig. 3 is cut into lengths by a flying The stator frames of the earlier motors of this type 
shear, as it leaves .the mill, the lengths will be more are of ca$t iron. Those built within the past year and a 
uniform if the mill speed is absolutely constant than if half, however, are fabricated of steel plates securely 
it varies slightly. , welded together and braced to form an exceedingly 

Cost strong and rigid structure. To the inner periphery of 

The cost of a synchronous motor, of the capacity used /' rame are welded steel dovetailed keys. The core 
for main roll drives, complete with exciter and control, larainations are held on these ke y s and clamped be- 
is usually less than that of a similarly rated induction tween heav 7 welded steel finger flanges. Air ducts are • 

. .. , Provided in the core and complete ventilation is further 

accomplished by the use of air-slide wedges. 

Because of the*size and weight of the stator coils in 
these large motors they are insulated very carefully to 
protect them from mechanical injury. After their 
assembly in the stator the end projections are securely 
laced to insulated steel bracing rings which are sup¬ 
ported from the stator frame. The larger machines 
are supplied with resistance temperature detectors. 
The stator coils are liberally designed to safely take care ' 
of sudden overloads or the condition where the motor 
piay be required to develop its maximum torque as an 
induction motor. 

tv, Q „ ’ The rotor spiders of the machines of small diameter 

' } bTcCo I L HOWIN ° MeTH ° D : ° F T built lip of lamin ations punched from heavy steel 

• * plates, those of larger diameter being of cast steel. 



mnfor e . ^ ie -* am i na ^ e d pole pieces are either dovetailed into 

IS Til marines of medium capacities, speeds and the punched rotor or secured to the cast rotor bv 
voltages, the differential is not great, but for large means of bolts screwed into steel keys imbedded in the 
low-speed units, the synchronous machine is consider- pole pieces. imbedded in the 

ably less expensive. The fie]d w j nd j ngs are usua u y of edgewise-wound 

Reliability and Ease of Repair copper strip. Here again great care is given to the 

From the standpoint of reliability it can hardly be insulation between the turns of the winding, and of the 
$aid that either type of motor has the advantage. A as a whole from the pole pieces and rotor spider, 
machine any more reliabre than the well built mill-type 0ne of the recent improvements in design consists in 
induction motor has proved itself to be, would be the addition of fins to the ends of the field coils which 
d ^ cu i fc to fi nd < bit there is no reason why the syn- 
t r*? nous motor should not have an equally good record 


I, 


in the years to come. 


«. _/As*far as ease of repairing is concerned, the stators of 

* f' W0 mac bi nes are practically on a par. The coils 
of the synchronous motor are* somewhat larger and 
. he avier as a rule, but there are fewer of them. The 


rotor of.a synchronous motor could probably be re- 

* - fi ddy than that of an induction machine. 

that the synchronmmnfmi Uc n 1 _ 
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| , * « f °r cleaning or repairs, - 
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used being such that their strength will be retained at 
high temperatures. The bars are silver soldered into 
the end ring segments. The end ring segments have 
bolted joints between poles so that each individual 
pole may be readily removed from the rotor without 
disturbing the others. 

The specially designed mill-type pedestals are 
securely bolted to both the base and foundation. They 
are equipped with babbitted thrust collars when this 
feature is desired. These pedestals are insulated from 



Fig. 13—Rotor with Laminated Spider 

! • 

• 

the base to eliminate the possibility of shaft currents. 
The spherical-seat, self-alineing bearings may be 
equipped with temperature relays. A liberally designed 
ring oiling system insures ample lubrication but in 
addition, provision is made so that flood lubrication 
may be applied. 

The base is provided with rollers under the carrier 
plates supporting the stator feet in order that the stator 
frame may be easily moved in a direction parallel to 
the shaft. The carrier plates are keyed to the base in 
order to maintain the alinement of the stator frame 
during this movement. 

Air heaters may be installed in the lowfer halves of the 
stator frames of these motors to prevent the possible 
accumulation of moisture on the windings in case the 
mill is idle for any considerable length of time. 

Control 

A few main-roll synchronous motors are started 
at full voltage, but most of them are so large that 
. such practise is not desirable because of' the result¬ 
ing demand on the power system. Consequently, 
an auto-transformer is usually employed to give reduced 
voltage for starting. For some of the largest machines 
it has proved desirable to employ two reduced voltage 
steps'in the .starting operation, and to meet this con¬ 
dition the combination Komdorfer and reactor fnethod 
illustrated diagramatically in Fig, 14 has been de¬ 
veloped. .... * - 

"The sequence of operations for starting, stopping, or 
plugging the motor is initiated by the simple movement 
of the handle of a master, switch placed negtr the mill, 
and the operation is completed automatically under the 
control of relays on the control panel, ! • 


We will assume that the motor is at rest and that the 
operator throws the handle of the master switch to the 
“forward” position. Oil circuit breaker A doses at 
once, - establishing the i neutral connection of the auto¬ 
transformer ,—F follows immediately, connecting the 
line end of the auto-transformer • to the line and 
thereby applying the first step of reduced voltage to 
the motor. With this voltage the motor should ‘start 
and gradually increase its speed. 

When it reaches a predetermined speed, usually from 
50 per cent to 75 per cent of synchronism, as indicated 
by the frequency obtained from a small pilot generator 
on the main motor, a relay operated in response to thp 
frequency causes breaker A to open, and immediately 
thereafter breaker B closes. B connects the’.motor 
to the line through the reactor. The reactor is so 
proportioned that the voltage drop across it at the tim& 
it is connected in the circuit is sufficient to reduce lihe 
voltage at the motor to a value between the line voltage 
and that given by the auto-transformer tap. As thd 
motor speed increases, the current will drop and the 
voltage at the motor terminals will rise. 

When the motor reaches approximately 96 per cent 
synchronous speed, as determined by a rejp,y* which 
operates only when the difference, between the line 
frequency and the pilot generator frequency is 5 per 
cent or less, field excitation is applied, of sufficient value 
to give approximately unity power factor. This pulls 
the motor into step, and so reduces the 1 current drawn 
by the motor through the reactor that the voltage at 
the motor terminals increases almost to the line value. 




Fia. 14 —Elementary Diagram op Combination 
Korndorfer and Reactor Method of Starting 
Synchronous Motors 


•.ij-vT"; 

After a short-time interval, breaker C closes, B 
opens, and the field excitation is automatically increased 
to the full value. . 

It will be noted that at no time during the sequence 
of starting operations is the motor entirely disconnected 
from the line. Furthermore, dwing to the use of the 
reactor, the transition from the second starting voltage 
to the line is made with extreme smoothness, 1 

Protection is proyided against under-voltage, loss of 
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excitation, and failure to synchronize within a definite 
interval after the master switch is operated. 

The control equipment for a synchronous motor 
involves more oil circuit breakers than does that for 
an induction motor, but the latter requires a number 
of large contactors and resistors for its rotor circuit, 
with relays for controlling the same. Neither is 
’especially complicated in installation or maintenance. 
So far as the mill operator is concerned, he simply 
moves the handle on one kind of master switch to start 
either type of motor. 


•:.i 






wmmm 


%■: am 

in-A-mk 




m 




A' 


Installations 

* A considerable number of synchronous motors is now 
installed or being built for main roll sendee. Those 
supplied by one manufacturer include the following: 

, • A 9000-hp., 107-rev. per min,, 25-cycle, 6600-volt 
unit is driving a continuous sheet bar mill at the 
Cleveland plant of the Corrigan-McKinney Steel 

♦ Company. This motor has a higher continuous horse- 
•* power rating than any other motor in industrial service 

in this country. 

Two motors, one 6500-hp., 187-rev. per min, and the 
other 4000 hp., 83 rev. per min., 25 cycles, 6600 volts, 
•form part of the drive of a continuous skelp mill at the 
Bethlehem Steel Company’s Sparrows Point plant. 

A 5000-hp., 240-rev. per min., 60-cycle, 2200-volt 
synchronous motor is being installed to drive a tube 
piercing mill at the Standard Seamless Tube Company's 
plant at Economy, Pa. 

. The Continental Steel Corporation, Kokomo, Indiana, 


RECENT PUBLICATIONS BY THE 
BUREAU OF STANDARDS 


ABSOLUTE MEASUREMENT OP CAPACITANCE BY 
MAXWELL’S METHOD by Harvey L. Curtis and Charles 
Moon. Scientific Paper No. 564. 


Abstract: The absolute measurement of capacitance 
by Maxwell’s method is based on the assumption that 
certain conditions are fulfilled by the experimental 
apparatus. While there are at least seven of these 
conditions, the most important is that the galvanometer 
•correctly integrates the current. When large capaci¬ 
tances are measured, a galvanometer is required in 
which the current through the coil does not affect 
the magnetism of the permanent magnet. By placing 
the coil in a symmetrical position with respect to the 
magnet this condition can be fulfilled in most gal¬ 
vanometers, However, this adjustment is greatly 
simplified by a proper design of the galvanometer. 

• The method requires that a condenser shall be 
charged and discharged at a known rate. To accom¬ 
plish this, contacts of platinum dipping in mercury cups 


has purchased a 5000-hp., 100-rev. per min., 60-cycle,have been placed on the prongs of a tuning fork driven 
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§■§§■>-. ■ • 2200-volt motor to be used in driving a continuous sheet 

llMf tfebar mill. - * • 

v The Copperweld Steel Company of Glassport, Pa. 
■y-J B pte .'''' will use three 60-cycle, 2300-volt synchronous motors, 

■ * ‘one 600-hp., 400-rev. per min., one 600-h. p., 514-rev. 

I ' * "in'.'' per min. and one 600-li. p., 900-rev. per min. to drive 

m Vhri&us merchant and rod mill stands. 

. * Two 400-hp., 720-rev. per min., 60-cycle, 4600-volt 
motors have been purchased by the Higgins Brass and 
; Manufacturing Company, Detroit, Michigan, to drive 
hy--'"’ brass and copper mills. 

. , . . Another manufacturer has built several synchronous 

■ motors for seamless tube mill service, some of them 

:hv..'’ being for piercing mills and some for tube rolling mill 
. drives. 

/■;■■■ Conclusion 

• The foregoing discussion, we believe, has mnrlo clear 


* 


by an electron tube. This permits the Maxwell 
bridge to be balanced with the same ease and accuracy 
as a Wheatstone bridge. However, it is necessary to 
determine the frequency of the fork at the time of 
measurement. For this purpose the fork is compared 
with a freely'vibrating pendulum by a method which 
gives an accuracy of a part in a million with observa¬ 
tions which extend over a few minutes' time. 




INDETERMINATENESS OF ELECTRICAL CHARGE 
by Chester Snow. Scientific Paper No. S66. 


Abstract: It is shown that if every electric charge 
in the world be given a charge of true magnetism, 
their ratio being a constant, the change could not be 
detected. If the electric and magnetic charges of an 
electron are, respectively, d and X lt then we have 



A : i' ■' . electron are, resp ectively, d-and \i, then we have 

l ;; iS|Si?i foreg0 ? g dl?cusslon > we believe, has made clear measured only yV + Xi*. The algebraic signs of 

- thafc the synchronous motor is a real competitor of the «i arid Xi are arbitrary, but the ratio &-/X must be the 

™ Ucfci ° n motor , for some typ® 8 main same as for a -proton and is physically indeterminate 

. Tbe number of installations which have The proposition may be regarded as a one-parameter 
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they are sufficient and on those mills it can often be 
used*to advantage. ' 

It seems safe to predict the widely increasing use of 
the synchronous motor in mill service, and with this 
prediction goes the hope that such motors will be 
applied, designed, and built only with a full knowledge of 
the demands of the load and the limitations of the 
motor. < » 
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Abridgment of 

The Application of Relays for the Protection 

of Power System Interconnections 
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BY L. N. CRICHTON 1 

' • m Member, A. X. E. E. 

Synopsis.—This paper is a compilation of many of the new 
methods for relay protection required by superpower interconnec¬ 
tions. The ideas have been obtained from various sources and 
represent good present day practise. The general requirements 
for such interconnections are mentioned with particular reference 
to protection against phase-to-phase short circuits 'in those cases 
where the short-circuit current , under certain system conditions , 
is less then the full-load current under other conditions. The 
clearing of accidental grounds is discussed and a new study of 
residual currents on systems of different types is given. This 


and 


II. C.’GRAVES, Jr . 1 

Associate, A. I, E. E. 


study indicates the usefulness of certain inverse time limit relays m 
on systems having dead grounded power transformer neutrals at 
all switching stations. Bus protection and "back-up” ^methods 
are described. * 

Soine of the new relays which have been deucjppcd, * or improve¬ 
ments which have been mafle to older types in order that the new 
demands may be met, are described; and there is illustrated a typical 
relay installation similar to that now being placed in service on ^ 
220-hv. interconnection. 


T HE interconnection of large power systems requires 
special treatment of its protective relay installa¬ 
tion in order to secure proper automatic section- 
alizing. This is particularly true of extra high-voltage’ 
interconnections which have their transformer neutrals 
grounded at all stations. Such systems are not nu¬ 
merous, but they are important and their number 
is increasing, fn any such relay installation it is 
important to adopt protective methods which not 
only are suitable for the immediate requirement but 
which will b<? applicable to future revisions and exten¬ 
sions. Interconnections between large power units 
impose more strenuous demands on the relay protective 
equipment than do individual systems, even those of a 
large size. 

Relay Requirements 

The most important requirement is that all faults be 
cleared quickly. This prevents unnecessary burning of 
conductors and equipment, but primarily, such quick 
clearance will minimize the possibility ^of the system 
becoming unstable. Therefore the securing of dis¬ 
crimination by means of time limit relays is not desirable 
although it may sometimes be necessary or convenient. 

The complete installation must allow flexibility of 
system operation. Perfect protection should be pos¬ 
sible when any line or piece of equipment is cut out of 
service and, what is more difficult, protection should be 
obtained without change in relay adjustment when a 
large unit of power is entirely removed. 

The initial relay installation should permit un¬ 
limited extension and revision of the power system. 

It should operate satisfactorily on the lines forming 
the interconnection between the systems without re¬ 
quiring too great a change in the relay protection 

1. Both of the Westinghouse Elec. & Mfg. Co., East Pitts¬ 
burgh, Pa. 

Presented at the .Regional Meeting of District J\ r o. 5 of the 
A ../, E..E., Chicago, III., Nov. %8-80, lOS'M Complete copies upon 
request. * * 


already installed on the individual systems which are 
being united. 

It must protect against “bus faults.” High-voltage* 
switching stations have become so elaborate that the 
possibility of trouble on the bus bars or on the station 
equipment is as great as that on a number of miles of 
transmission lines. . 

It must provide “back-up” protection, by which is 
meant that trouble should be cleared from th'e system, 
possibly with some little delay, even though the circuit 
breaker which would ordinarily clear such trouble 
should fail to operate. Some types of relays will 
operate in this manner, by means of their inherent 
characteristics, but other types require the use of 
additional relays. For simplicity, so it is desirable that 
protection against bus faults and back-up protection be 
obtained by the same means, thus making unnecessary 
the use of complicated differential schemes commonly 
used for bus protection. 

It is desirable to eliminate the use of high-voltage 
potential transformers so* far as possible, not only 
because of their expense, but also because of the hazard 
which they, themselves introduce in the system. 

Economy in the relay system is desirable,.but because 
high-voltage lines and equipment are inherently 
expensive, if such a procedure results in elihainating 
more expensive high-voltage equipment, the best 
over-all economy may be obtained by adopting an 
expensive relay system. * 

‘ Types of Relays Considered. In order to satisfy the 
needs of recent interconnections, a number of new 
methods of using the conventional types of relays hav«f 
been developed and entirely new relays have been 
designed; namely: 

For protection against short circuits, 

1. Low-current range impedance relay (type C Z). 

2. Fault detecting over-current and undervoltage 

. relays. 

For protection against grounds, 
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G R)» , * <, . /i mp Although the pilot wire scheme of protection ap- 

‘ Definite time, current ^directional relay ( yp „ hea very dosely the ideal, the difficulty of instal- 

GRC). . . ,. a flT1 H maintaining pilot wires prevents its use on all 

Inverse .time, current directiona re ay yp the s h or test transmission lines. The periodic 

G W G). . ... , tegtg which are essential to all protective equipment,. 

Inverse time, directional relay with phase intricate 0 n this scheme. Another objec- 

compensation m the potential cncuit, (type ^ J ^ }g found in that additional relays 

. ' The us% of ihese new methods and devices will be detection? P The desirable character- 

. . described herein with only brief* references to me of the ge i ec tive differential relay, (as “used m 

• . ^ which are already in common use. Fig. 1), makes it suitable for protection of parallel, 

Protection Against Phase-to-Phase Faults ii nes provided there is a source of feed at each e ™[“ 

• • application of "X XS SS£» of singlo-Kn. operation, the diKer- 

. . .“aS tUXSlLit the Change of relay is usuady rendered inoperatrve. and some 

• • power, and any number of causes may necessitate 
periodic changes in location of connected generating 
capacity. These changes may occur daily due to load 
conditions, or seasonally due to change in available 
•generator capacity. This results in a change m 
magnitude of fa*ult current, due not only to the varia¬ 
tion in total connected generating capacity but also to 
the change in location of this capacity. Thus, at some 
points on the system, it is quite conceivable that 
fault currents which should cause relay operation 

j, may be smaller under some conditions than the maxi¬ 
mum load current under other conditions, 
piflf ; The interconnecting system is usually, composed of 

pp/ tf;.' long high-voltage transmission iines, capable of trans- _ 

A : witting. relatively large blocks of power. The high am wf 

lf|lW: “ load capacity of these lines reduces the number of tfu 

|j|CA.r ‘parallel P lines necessary, thus making protection diffi- Fia. 1 -Balanced-Currknt Pilot-Wire Scheme Using 
A l^ the expense of substations or switching Motive Dieeerentul Relavs 

te|ll$l ; 4ii|^)ns is. high and their number is therefore corre- _ • , ,, - 

li^-^-'spondingly reduced. To reduce expense, the system form of back-up relay is essential. The application of 
Wii^may adopt the form of a triangle, or loop, only one of. a differential relays is therefore usually made m con- 


C/r &Hr. 


V, ; 



^^P^Axhaay adopt ttie form of a triangle, or loop, only one of. a differential relays is therefore usually made m con- 
■HSpp'Ctr' lines may be carried through a substation, or junction with back-up, over-current, or directional over- 

routes may be followed by the various lines, current relays, the differential relays being inoperative 
to these difficulties, later extensions inva- during conditions of single-line operation. The back- 
to comj$!ate relay protection. up relays also furnish protection against bus faults, 

S ‘ Pilot Wire Protection. To dear faults in the mini- Therefore, balanced protection on parallel feeders 


■4 

J 


■i 


■m 







: ■ ■ 

r >1 


1 








| 

| 


if: 


Feb. 1928 


CRICHTON AND CRAVES: RELAY PROTECTION 


145 • 


over-current element, the contacts qf the two elements 
being connected in series. Tire common poiAts of 
these two sets of contacts is brought out of the relay 
case*by a separate stud. The directional elements in 
both sets are practically instantaneous. The over¬ 
current element in one set of relays is given a short- 
time, low-current setting, and the over-current element 
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Impedance Relays. The application of impedance 
relays satisfies many of the demands placed on pro¬ 
tective equipment for interconnections. Particularly 
is it true that rendering the system more complex does 
not necessitate increased time for operation, nor does 
the relay place limitations on the permissible system 
connections. The time required for clearing faults 
does not become cumulative. Bus protection, quicfi 
clearing of faults, and single-line protection are all 
secured. * • . 

Used on transmission lines, irrespective’of whether 
parallel lines or single-lines are in service, the impedance 
relay will clear faults as quickly as will balanced relayg, < 
when faults are located near the extremities of the line. 
With a fault in the center of the section, the impedance 
relays will clear in approximately four-tenths of a 
second; and balanced relays, under the best operating • 
conditions, may clear these faults faster than will the 
impedance relay. On the other hand, the impedance 
relay operates effectively irrespective of whether onq ’ 
or two lines are connected in parallel and is independent 
of other changes in operating conditions. 

Pig. 3 shows a typical connection of impedancp relays. 


.1 

':§> 


Fife. 2 a—Protection for a Pair of Parallel Lines 

Elective for both parall el and slnfflt^llna operation, using directional 
over-current relays 


Fig, 2b—Schematic Diagram of Trip Circuits of Fig, 4a 


in the other set is given a long-time, high-current 
setting. 

Pig. 2b shows the schematic diagram of the trip 
circuits. 

The objections to the use of balanced protection lie 
in the fact that the relays which give quick clearing of 
faults afford no back-up or bus protection, and extra 
relays must be used for this purpose. Also, under 
conditions of single-line operation, long-time is required 
for clearing a fault on the line remaining in service. 
The cross-copnections are relatively complicated, and 
testing and-'checking is made more difficult. In ad¬ 
dition to these objections, the cross-connected direc¬ 
tional relay protective scheme requires a source of 
potential. Tins objection,. Jiowever, is not serious, 



.1 


Fig. 3—Typical Connection Diagram of Impedanoh 
Relays Applied to Sectiona,lize Wintf-TQ-WmE Faults on 
Transmission Sections 
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When applied in this manner, the relays protect against 
phase-to-phase faults only and constitute only a small 
measure of protection against phase-to-ground faults. 

The use of potential is required with the:inreedanoe ! 'lSl llt» 
relay, but this objection may be overcome, as previously . 

since a suitable, low-voltage set of potential trans- mentioned, by using low-voltage potential transformersi i ' / ;, ; : :| 
former is nearly always available? and the 4 secondary Another'method of obtaining correct potential for 
potentials from tRese potential transformers may be relays when high-voltage potential transforrrmrs|ap 
used, •. • " , * not. available is cohered later. 
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Relay Operation with Low Current Faults. To meet 
fully the requirements of relay equipment applicable to 
H inter-connections, {he relays must operate on fault 

. . currents, which may be less than full load current. 
In order to satisfy this demand, a fault-detecting device 
i|;| has been developed,—a device composed of an under¬ 

voltage and an over-current element connected in each 
•phase. The contacts of these elements (two per phase 
H*, * or a total of six) are connected in parallel, so that any 
_ conditions of either »undervoltage or over-current will 
Hiycause the relay«contacts to be closed. In applying this 
|H’ ; , m device, the over-current element’is set to operate at a 
pf'X * . current value corresponding to approximately 125 per 
cent of the maximum load which is expected in practise. 
life Therefore, the current relays should never operate 
■ipt * unless heavy fault currents are flowing. The under- 
Wit:. * • Voltage device is set for, say, 75 per cent of normal 

|fl§r voltage. , 

The principle of operation of this combination is 
jtefe* * ‘quite simple. If the distribution of generating capacity 
‘is such that the bus voltage will not drop below approx- 
k| mately 75 per cent of normal, the current to a fault 
near the bus must necessarily be high. On the other 
hand,.if the magnitude and distribution of the generat¬ 
ive: mg capacity is such as to permit only a small current to 

pf||t ; ; flow, to the fault, the bus voltages near this fault must 

necessarily be very low. As a result, either the over- 
Ipp: • current or the undervoltage relay is sure to operate with 
jf|§| a fault so located as to demand their operation for 
!§||\ proper clearing. In order to fully meet the various 
g |-conditions existing in practise, both the over-current 
and the undervoltage relays have a suitable range of 

Fig. 4 shows one application of the fault detecting 
■£§££>; felay. In this application, operation of the line pro- 
H|j|f| . .tective relay under heavy load conditions is prevented 
Pjf lfy V because the current coils of the relay are short-circuited. 
jjjtf..' The fault detecting relays,‘when deenergized, permit 
" the hack contacts of the auxiliary relay to short-circuit 
. * the line relays. The fault conditions on the system 
(pteT cause the contacts of one or more elements of the fault 

I Hglj-i... detector relays to close, thus energizing the auxiliary 
jf|g relay and removing the short circuit from the im- 
1 •'' pedance relay. Then the impedance relay is permitted 
t to function and will operate if the impedance between 
. the station bus and the fault is sufficiently low. 
flip *:;: .»• . Thus, after a fault on the system has occurred, all 

impedance relays on the system are connected into 
V ; •service, permitting the one nearest the fault to open the 
|; ^ circuit breakers on the faulty section. Since the im- 

Pjw &V•£;, pedance relay current coils are normally short-circuited, 
pjjs&fe ; they may be set on the one-ampere tap although maxi- 
sinum load currents may be five amperes. This scheme 
|Pif!i:/ has a second advantage, in that the relay burden is 
removed from tlm current transformers except under 
pllfl fault conditions, * . . * : 

| * Piiase-to-Ground Fault Protection 

I ; Advantages of Ground Relays, The advantages 


: 








resulting from application of ground relays for pro¬ 
tection of transmission circuits are now well established. 
These advantages may be briefly itemized as follows: 

a. Ground relays operate on residual currents and 
so may be given a more sensitive setting than can, the 
relays protecting against line-to-line faults. 

b. These sensitive settings are necessary because 
the magnitude of ground currents piay be reduced below 
that value necessary to cause prompt operation of the 
relays normally protecting against line-to-line faults 
either by impedance in the neutral connections of the 
transformer banks by resistance at the point of fault 
or by the high earth return impedance. 

c. A high percentage of faults on transmission line 
cause ground current to flow. Thus, the residual 
relay, with its relatively quick timing, increases the 
speed of clearing a large percentage of k the faults. 

d. When this relay is used, those protecting against 
phase-to-phase faults act as a back-up protection. 
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Fig. 4—Application of Impedance Relays for Protecting 
Systems whbri^ Fault Current is Less than Full-Load 
Current 

e. On certain types of system connections, an in¬ 
verse-time over-current residual-current relay may be 
used and the distribution of ground current is such as 
to cause the relays closest to the fault to operate 
always very quickly. 

Distribution of Residual Currents. On a system 
where the neutrals of all equipments are solidly 
grounded, the distribution and magnitude of fault 
currents differ depending on the type of faults. As a 
result of this, the study of phase-to-phase fault condi¬ 
tions may not be sufficient to permit .accurate setting 
of relays used for protection against phace-to-ground 
faults. In many cases, a special study is required to 
determine the distribution of ground cifrrent, and this 
study quite frequently shows that protective equipment 
which is superior to that available fpr phase-to-phase 
fault fnay.be appliSd for protection against phase-to- 
ground faults. 

.The 'Method of Symmetrical Components (phase 
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sequence) for analyzing fault conditions on trans¬ 
mission lines—developed by G. L. Fortescue, 5 simpli¬ 
fies this otherwise complicated problem. "'The magni¬ 
tude 'of residual currents may be determined with little 
more effort than that required for the determination of 
the positive phase sequence quantities corresponding 
to a three-phase fault. To show the desirability of 
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Fig, 6 illustrates the distribution of conductor cur¬ 
rents throughout the system with a fault located be¬ 
tween Stations B and C on phase X conductor of one 
of these parallel lines. Fig. 7 illustrates the distri¬ 
bution of conductor currents for a similar fault; but 


Fig* 5—System Layout for Illustrating Current 
Distribution 

making this separate study, and to illustrate applica¬ 
tion of ground relays, a few results of a study of a simple 
system are given. 

The system used in these calculations is shown in 
Fig. 5. At one end of the system a generator is shown 
connected through a transformer bank, and at the other 
end of the system a generator is connected directly to 
the system. This has been done to illustrate that some 
difference exists depending on whether the generator is 
connected directly to the system or through a trans- 
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Fig. 6—Fault-Current Distribution Diagram 
Showing ofTect of grounding tho neutral of substation power banks 
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Fig, 7—Fault-Current Distribution Diagram * 

% 

Conditions identical with those shown in Fig. 10 except that substation 
transformers have been removed. Gen ora tor No, 1 has been replaced 
by mi equivalent impedance 

*’ 

here, the substation transformer banks are assumed to 
be delta-delta connected. / A , I B , amble arejthe phase 
currents and those marked I G are the generator* and 
transformer bank neutral currents, 

By comparing these two figures it will be seen that 
the magnitude and distribution of conductor current is 
radically changed, depending upon whether the sub¬ 
station transformer bank neutrals are solidly grounded 


Z.23 | A4S i L£! . ig 


"n I i.te [»/. Z3t I t.st I ter 







Z.ZS \48 /.S6\ .S3 


“sKD 


former bank. The reactance of both the generator 
alone, and of the generator in combination feeding 
through the. transformer bank has a total impedance of 
16 per cent. 

The transformer banks at the substations are in 
some cases*'assumed to be connected star-delta with 
solidly grounde.d neutrals, so that they have the effect 
of grounding transformer banks on the system. To 
illustrate the "effect of these banks as compared to 
delta-connected, banks, certain calculations have also 
been made with* the transformer »banks disconnected 
from the substation busses. * 

2. A. I. E.«S. Tuans., 1918, Vol. XXXVII, Part 2, p. 1027* 
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Fia. 8—A Comparison of Fault-Current Distribution 
with Identical Fault Location 

A-—Threo-pbaso fault-current distribution * 

B—Residual-current distribution with grounding transformers on a 
1 In oto-ground fault 

O—Resldual-current distribution without transformer banks on £ 
ltno-lo-g round fault 

or not. In Fig. 6 the biggest portion of the ground 
current flows through the neutrals of the substation 
transformer banks adjacent to the fault. The banks ' 
farthest from the fault pass only a small amount of 
residual current, the magnitude decreasing as the 
distance to the fault increases. This residual uun^|:|| 
distribution .will \ary depending upon the :peilai^fe:i| 
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impedances of the transformer banks and transmission 
lines to the flow of zero-phase sequence current, and 
therefore demands special study. 

Fig. ^8 illustrates the difference in current distri¬ 
bution, depending on the type of faults and type of 
system. Fig. 8A shows the distribution of current 
for a three-phase fault. Fig. 8? illustrates the distri- 
‘ bution of residual current for a fault located as shown 
on Fig. 6. The values shown in Fig. 8b are equal to 
three times the zero-phase sequence current. They 


3 Phase Bus 



Type'Cff'low 
Cur rent Ground 
j- 1 Relay 


3 2/ 


Fig. 




the only difference hping due to the increased reactance 
Y ~ of the transmission line for phase-to-ground fault con- 

. . ditions over the reactance for a three-phase fault. 

*. > As a Result, on systems corresponding to Fig. 8c, 

* " the same system df relaying has been generally usedi for 
protection against phase-to-ground fault as is used for 
-protection against phase-to-phase faults. The greatest 
advantage of ground relays may be obtained from the 

current distribution as shown in Fig* 8b, Here, 

‘ . . . .. . 


gram of connections for relays suited to the protec- 
tion* of a system with current distribution similar to 
that shown in Fig. 8b. This diagram .shows selective 
relays applied as for protection against sihgle-line 
operation. Standard directional relays are used, for 
protection against phase-to-phase faults. The direc¬ 
tional ground relay is of the low energy type with 
low-current setting. It also differs from the directional. 
relays used for protection against phase-to-phase 
faults, in that maximum torque is obtained on the 
directional element of the ground relay when the relay 
current lag's behind the relay potential. For parallel 
lines, balanced protection is desirable. 

Fig. 10 shows the distribution of residual currents in 
the system as shown in Fig. 7, except that a fault 
impedance of 10 per cent resistance is present. The 
vector diagrams at the various substation busses and 
at the faults are shown. As may be seen from this, 
the phase displacement between the residual voltage 
and the residual current on this system will always be 


0—Directional Line and Ground Protection for 
One Three-Phase Line 


are therefore the residual currents which would flow 
through the relay coils pf the ground relays! It is to 
be noted that here the current in the relays on the 
faulty section is much greater than that in' any other 
.relays on the system. This is true irrespective of 

. whether the lines are connected in parallel or whether 

■ If y ojie - line is disconnected from service. Fig. 8c 
illustrates the residual current which would flow through 
the ground relay coils for a fault located as shown on 
V : ' . Fig.7. . ^ 4'.; ' 

pigg. 8 a ' a nd 8o resemble each other very closely, 



Fig. 


U-Z03Z 

Ic.ZZ! 


Ta-.2ZI 
k’/.59 
foe,53 


\fo-l6S8 11 Ua-9811 Za-A5S3 | 

1 n /~l > 74o°.W5 

/ao'/.343 '4 c 

I^S.37 
1*1.1$ 

10—Current Distribution and Vector Relations 
Existing Within Relays 




For system as shown in Fig. 11 and with a 10 por cent fault resistance 

* 

90 deg. so long as the system impedance is pure 
reactance. 

If this were true for all systems, the theoretically 
correct relay to use would be one in which the maximum 
torque is obtained when there is a phase displacement 
of 90 deg. between voltage and current. On the actual 
system, resistance is present in the transmission lines 
and equipment. This will tend to decrease the dis¬ 
placement angle. Under conditions Where the phase- 
to-ground fault has no resistance and-the neutrals of 
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definite advantages in selectivity, speed of clearing, 

and sensitivity may be obtained by the use of ground .the transformer banks or generators', are grounded 
relays. A comparison of Figs. 8a and 8b will il- through a high resistance jit is theoretically possibleTor 
k lustrate that the use of ground relays with proper the residual current and the residual'vpltage to be in 
characteristics would assist materially in asniirinor nlmse. so'that the tmity power, factor qpnditiofl should 

the maximum torque. It is therefore desirable 
type of relay should secure the.maximum 
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torque at some angle lying in between zero and flCjdeg. 
so as to be applicable to any system conditions, Until 
recently, relays -commonly used for this purpose have 
had approximately true watt characteristics, and it 
was possible for these relays to operate improperly under 



gP otsrlh M arks 
jGunTrans, 

fen 


a O.C Control Bus ' 

N -f==p 


II £ 


"C PC"Ptree. 
6 round 
Re /a y 


ToBeti , 
Rtarmftelay 


Excess "CR’fiirectionai Overload 
iCun Contacts 


■{Cun Contacts 
r-O.Utement 
~Operation /rid 
■ ~Con factor Sw. 
—p/rec. Contacts. 
"Direc. Chment 
—sCose*Ground Stud 


ITia, 11 —'Diheotxonal Over-Load and Directional Ground 
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Using definite time, residual, ovor-curi'ont relays and low-tension poten¬ 
tial transformers • 

Rear view "ORQ” cl I motion al ground relay is shown In lower left-hand 
corn or 
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Pig. 12—Typical Diagram of Connections for Ground 
Protection TJsing the Inverse Time, Residual, Over- 
Current, Ground Reday 




the neutral of the transformer bank are approximately 
in phase, so that the relay should be so designed as to 
have the maximum torque when the currents in the 
residual circuit of the ourrent transformers and in the 
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Pig. 13—Product of Transformer Bank Neutral Current 
and Residual Line Currents 


For any fault location and for pha so to-ground faults for the system » 
shown on Fig, 0 


a 


neutral connection of the power banks are in phase, 
The connections shown in either Fig. 9 or Fig. 1J. are 
equally good in determining the location of the fault. * 


certain fault conditions. Where such a relay is now 
in use, it may be desirable to insert a phase shifting 
device in its potential circuit so as to obtain the proper 
phase relation. 


Inverse-Time Ground Relays. The diagram shQwn 
in Fig. 12 is an alternative for, and under certain 
conditions, an improvement over that shown in Fig. 
11. This scheme was first devised and put into ser¬ 
vice by Mr. Roy Wilkins. 3 The residual relays used 
here are inherently directional and in addition, operate 
with an inverse characteristic that is quite suitable for 
systems Where the neutrals of all transformer banks are 
solidly grounded, as illustrated in Fig, 8b. Fig. 13 
shows the operating torque on the relays for the sys¬ 
tem as shown in Fig. 6. The curves plotted in Fig. 13 > 
are the products of the current in the transformer bank 
times the current in the line’at any point on the system. 
This is the product which would tend to operate* the 
residual current relay ,when connected as shown in 
Fig. 12. The operating tendency of th'e relay de- 
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In order to.uvbid using high-voltage potential trans¬ 
formers, .the* connections shown in Fig. 11 may be 
employed. As/illustrated by Figs. 6 and 8b,' the 
current flowing through the fault is largely supplied 
through the neutral of the transformer bank nearest 
the fault. Thus * instead of using a^potentiai as shown. 
. in Fig. *9, the neutral curfent from the power banks 
may be used to determine the relative direction of 
. current flow fli a line. The currents in the line and in 


f Ground 


Fig. 14—TYncAi, Diagram op Connections fob the Resipual 
Volt-Ampekb Relay 

creases rapidly as the fault approaches the adjacent 
substation bus, so that the quickest acting relay is 
that which’ is closest to the. fault, la this respect, the 
relay has the characteristic of the impedance *relay. 


3. Electrical World , November 52,1024, p, 1101. 


;r'fev •fe.V - 

tylytpt * 


* • 


•■AY. / • 







mmp! 




ti 








I % 


%Stli;r 

■ ' 






150 


CRICHTON AND GRAVES: RELAY PROTECTION 


Journal A. I. E. K 




Aiter the breaker closest to the fault has cleared, the 
H|jpirrent through the relay on the far end of the faulty 
section increases and causes increased operating torque. 
V A modification of the connections shown in Fig. 12 is 
that shown in Fig. 14. Here, a volt-ampere relay is 
used. The relay’depends upon the principle that the 
.product of the residual current and the residual voltage 
. is greatest when the fault is close to the relay, with the 
result that the relay closest to the fault operates fastest. 
In addition to this, the relay is directional. 

• On a system as shown in Fig. 8c, the residual volt- 
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Pig. 15a—Diagram Showing Connections for a Complete 
• 'Relay Scheme Applicable to a Complex Interconnecting 
System 




|JI|*V • age, or three times the zero phase sequence voltage, 
Elf'll; ? increases frqpi each end of the*transmission line to the 
■ fault. The vector diagrams given in Fig. 10 illustrate 

V the largest product closest to the fault. 

i |l §fe "• foie operating, forces on this relay would be similar 
to that shown in Fig. 18 and would apply to the system 

* shownln Fig. 5. Quite clearly, the relay closest to the 
} • fault would operate much faster than any other relay 

* oil the system. • This is true if the relay is so designed 
that the torque is proportional to the product of zero 

“phase sequence currents and potentials as mentioned 

* above in the discussion of the phase relations in the 

directional relay in connection with Fig. TO, 

This volt-ampere product may he obtained quite 
: accurately by an approximation. The unbalanced 

voltage, or zero phase sequence voltage which is used 
^hn relay, is usually due to the drop thrqugh trans- 
" former banks plus transmission lines up to the relay. 

■ The phase angle between this voltage and the residual 

T. :|l’ ClUTent may l 30 as much - as 80 deg. Taking this as 
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the maximum, one may set the relay so as to secure the 
maximum torque when the phase displacement is 65 
deg. The conditions of the system may-then change so 
that the phase displacement varies from 80 deg. (0.174 
power factor) to 30 deg. (0.867 power factor) without 
introducing a volt-ampere error of more than 10 per 
cent. 

A Typical Relay Installation 

Fig. 15a represents a composite picture of relays suit¬ 
able for application to a system as shown in Fig. 5. 
Impedance f elays are used for protection against phase- 
to-phase faults, so that the maximum time of relay 
operation is three-quarters of a second. The average 
time will be much less than that and will approach very 
closely the timing obtained by parallel-line protection. 

Potential for these devices may he obtained from low- 
voltage potential transformers with suitable compensa¬ 
tors, from high-voltage potential transformers, or from 
a tap on the condenser bushing of the circuit breaker. 
•The voltage thus obtained is higher than desirable, 
and must be reduced and its phase shifted by means of a 
small stepdown transformer and network, according to 
a method developed by J. F. Peters. 

The load conditions on the system here shown are 
assumed to be such that fault currents of less than full¬ 
load magnitude must be guarded against. Fqr this 
reason, low-current setting impedance relays are used 
and these relays are normally short-circuited by the 


Pig. 15b—Internal Wiring Diagrams 

auxiliaiy lelay contacts. The fault detector relays 
operate under conditions of either over-current or 
under-voltage to remove this short circuit from the 
impedance relay coils. The residual relay i^u^ed to 
obtain the selective timing necessary for ^protection 
against phase-to-ground fault. In addition to the 
inverse time residual relay, an instantaneous' over- 
current relay has been added to increase the speed of 
operation over.th^t affoaded by the residual relay'"for 
certain fault conditions: For this particular applica¬ 
tion, a directional instanlkneous r over-current relay. 
was necessary and, the directional element has therefore' 
been included in a separate case. % 
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This protective scheme compare^ very favorably,with 
the ideal system for interconnections as, previously 
specified. It has the following advantages: 

1, The quick clearing of faults. 

2*. System operating set-up does not affect relay 
•operation. * 

3. Relay system permits unlimited system exten¬ 
sions and revisions 'without necessitating increased 
relay timing. 

4. The relay system should necessitate little or no 
•change on the installed relay equipment’ protecting 
the individual systems combined by the interconnection. 

5. Relays afford protection against bus faults. 

6. Back-up protection against faulty operation of 
relays or breakers is afforded by this system of 
protection. 

7. High-voltage potential transformers are not re¬ 
quired. The breaker equipped with bushing type 
current transformers supplies both current and potential 
for the relays. Potential may also be obtained from, 
low-voltage potential transformers. 

8. The relay equipment is simple, standard, and 
economical. 

* < _ 

BEAM OF ELECTRONS 
SHOWS DIFFRACTION EFFECTS IN 
* SCATTERING EXPERIMENTS 

REPORTER BY DR. DAVISSON TO PHYSICISTS 

Experiments conducted at the Bell Telephone 
Laboratories in New York, N. Y., have brought to light 
the fact that a moving,beam of electrons partakes in 
some way of the nature of a wave motion. The work 
there by Dr. C. J. Davisson and Dr. L. H. Germer shows 
that electrons when reflected from a single crystal of 
nickel scatter in certain definite directions in a manner 
analogous to the crystal scattering of a beam of X-rays. 

“The scattering of X-rays by a crystal results in the 
production of strong scattered beams in just .certain 
directions,” Dr. Davisson stated, “and this fact has 
been explained always on the hypotheses that X-rays 
are an electromagnetic wave disturbance of the’ same 
sort as radio waves and visible light. Our experiments 
show that a beam of electrons gives these same effects. 
The inference seems to be that there is some sort of a 
wave-motion associated with the motion of a beam of 
electrons.” 

The experiments showed that the observed wave 
length of the electron beam was exactly that which is 
predicted by tjie quantum theory as developed by 
L. De Broglie, E. Schroedinger and others. This 
wavelength is numerically equal to Planck’s constant 
of action divided by the momentum of the electron. 
Describing the experimental method, Dr. Davisson 
explained that fjhe source of 'the electrons was a hot 
filament just as in ordinary radio thermionic tubes. 
These were accelerated by a positive grid voltage which 
could be varied at will. The voltages used ranged from 
about 50 to 376. The beam of electrons impinged on^. 


nickel crystal, and some of them were absorbed in it; 
others were scattered back from the surface of the 
crystal. Of those scattered back; some come back 
without having lost any speed. A little collecting 
device was arranged so that it could be moved to va- 
el-ectroh A rious positions in front of the 

L T crystal to find how many, 

electrons were scattered in . 
the various directions with- 
\ out loss of speed. , , 

/' \ “The situation confronting 

-*- * physicists with regard, to 

V\/\^ electrons is now somethin© 

like the dilemma confronting 
the theory of light,” the 
speaker declared. "For 
B many years all the facts eon- 

O azimuth cerning light could be e«- 

< U plained by assuming it to^ 

Fig. 1 be simply a wave motion. 

Then the quantum theory, in the hands of Planck, 
Einstein, and A. H. Compton, showed that radiation 
had to be regarded also as having something corpuscular 
about it. Similarly, for many years electrons’ werq 
believed to be simply corpuscles of negative electricity. 
But now, recent developments in quantum theory, 
confirmed by these experiments, show that there is 
something wave-like about them.” 

A full account of this work appears in the December 
1927, Physical Review and in the January 1928, Bell 
System Technical Journal, 

Fig. 1 shows the arrangement for causing a stream of 
electrons to strike the nickel incidence and the col¬ 
lector which could be moved around to measure the 

» 

numbers of electrons scattered in different directions; 
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Fig. 1 
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Fig. 2 

and Fig. 2, a typical set of experimental curves showing 
the gradual development of a spur of diffracted electrons 
at 50 deg. and 54 volts. The power curves show how 
this diffracted beam depends on the azimuth of the 
collector relative to‘the axes of the crystal structure. 
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Winter Convention Has Notable Program’ , ’ 


P Groat interest has developed in the Winter Convention of 
‘the Institute which will be held in Now York City, February 
13-17» with headquarters at the Engineering,Societies Building, 

* JTho technical sessions are especially noteworthy and in addition, 
there will be leotittes, inspection trips, medal presentations and 
social features. * 

* Technical Sessions 

The technical papers and lectimes will include as subjects, 
electrojihysios, dielectrics, operation of interconnected power 
systems, insulators, magnetism, electrical machinery, trans¬ 
atlantic telephony, telegraphy, loud speakers, automatic sub¬ 
stations, control and protective apparatus, s3 r nohronizing devices 
ar*larc welding. 

Details of the technical sessions are published in the 
^oompanying program of events. 

Symposium on Interconnection 
Great interest is being manifested in the session on Tuesday 
morning, February 14, on the subject of operating interconnected 
power systems. This subject ■will be presented in papers by four 
outstanding engineering executives representative of different 
practises ,» four parts of the country. Prepared discussions 
Will bo presented by several other well versed engineers. 

Telephone Communication with London 

m 2S??r 00ramimication ** the British Institution of 
Electrical Engineers, meeting simultaneously in London, is to 
be one of the outstanding features of the convention. This 
ls «*eduled fpr Thursday morning, February 16 The 
se^ion wdl op^n_ With-two papers on transatlantic te%hony 
• as announced in the accompanying program. 
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owwem Dr. F, B* tfewetL Vice President tiih 
- ; ?p e ! ep ^ onQ Telegraph Company, and President 

- ivorik° donoTn'tl) 10116 La ^ rato ^ ies ' iu ehargeof the development 
fins country lending to the establishment of the 
is,service, and CAtr^ni m m . ^ ™ 01 ™ e 
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country for his studies of lightning discharges and othor matters* 
will furnish one of the interesting points of the mooting. Ho will 
deliver a lectute in the session on the afternoon of February 14, 
his subject being “Tlio Cathode Oscillograph as Used in tho 
Study of Lightning and Other Surges on Transmission Linos.’ 1 

John Fritz and Edison Medals 

Two of the most liighly dosirod rewards for engineering ac¬ 
complishments will be presented on the evening of Wednesday, 
February 15. The Jolm Fritz Medal will be presontod to Gonomt 
John J. Carty, and the Edison Medal to Dr. William D, Coolidgo. 
The presentation ceremonies will include an address by Dr. 
Michael I. Pupin who will outline the achievements of Dr. 
Coolidgo; the presentation of the Edison Medal by Prosidonh 
Gherardi of the American Institute of Electrical Engineers, and 
the response of the medalist; the announcement of the John 
hkitz Medal award by Chairman J. V. W. Beyndors of the Board 
of Award; an outline of the achievements of General Caity by 
Bancroft Gherardi; the presentation of the John Fritz Modal by 
Bobert Bidgway, Chairman of the Board when the award was 
made, and the response of General Carty." * 

. of * he of the John Fritz Medal were published 

m the November Journal, page 1290. An announcement of tlio 
award of the Edison Medal is published in the January Journal* 
page 75, 

Inspection Trips ’• 

nf 2ui a n “™ be <A f inspection trips have boon pla.mod, most 
of wluob will be taken on Thursday afternoon, February 10, 
though some of the plaoes may be visited at othor times by pre- 
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the spacious Astor ball room, the meal will be excellent anc^ “The 
Vagabonds/ 1 one of the best dance orchestras in New York, will 
furnish the music. Tickets will be $6.00 per persop. 

* • * The Smoker 

A delightfully informal event will be the Smoker, to be held 
on Tuesday evening, February 14, in the Belvedere of the Hotel 
Astor, Every effort is being made to make the program for this 
evening unusually attractive, and at the same time to eliminate 
the confusion and crowding which have occurred in some former 
smokers. The committee feels that this can be don$ and without 
an increase in the former price of $2.00 per person. - 
Reduced Railroad Rates 

Special railroad rates will be available to out-ofrtown visitors 
to the convention, under the certificate plan, Under this plan, 
each person should request a certificate when purchasing a one¬ 
way ticket to New York. Presentation of this certificate at 
Convention headquarters will entitle the holder to a half-rate 
fare for the return trip over the same route, provided 250 certifi¬ 
cates are registered at the Convention. 

When purchasing tickets members or guests should advise 
their ticket agents that they will attend the A, I. E, E, Conven¬ 
tion, and should ask for the certificates. Families of members 
attending the Convention are entitled to certificates also. On a 
few limited trains the return tickets purchased at reduced rates* 
will not be honored. Tickets must be purchased within a limited 
number of days prior to the meeting and return tickets must be 
used within a limited time after the meeting. The limiting dates 
depend upon the location of the purchaser. Information on 
these and other details may be obtained from ticket agents. 
Immediately upon arrival in New York, certificates should be 
deposited with the endorsing officer at Convention headquarters. 

All Visitors Should Get Certificates 

Everyone should obtain a certificate, whether he will use it 
or not, for faifure to do so may deprive others coming long 
distances of the saving in railroad fare made possible by this 
provision. 

Hotel Reservations 

Requests for hotel reservations should be made at as early 
a date as possible. Application should be made directly to the 
desired hotel. 

Convention Committees 

The plans for the meeting are being handled by the following 
general committee and subcommittees: 

' General Committee—Qt. L. Knight, Chairmala; J. B, Bassett, 
H. P. Charlesworth, H. W. Drake, W, S, Gorsuch, H, A. Kider, 
E, B, Meyer, L. W. W, Morrow and R. H, Tapscott. 

Entertainment Committee— J. B. Bassett, Chairman; L. B. 
Bonnett, H. C. Dean, J. F. Fairman, A. H, Inglis, C. R, Jones and 
A.H.Kehoe, 

Dinner-Dance Committee— H. C, Dean, Chairman; A.B. Clark, 
C. R, Jones, J, F, £elley and F, A, Muschenheim. 

Smoker Committee^ J, F. Fairman, Chairman; R, E. Dennis, 
H, W, Drake and W. S. Gorsuoh. 

Inspection Trip Committee —A. H, Inglis, Chairman; W. B. 
Kirke, L. W, McCullough, W. R. Smith and F. Zogbaum. 

Program 

Monday Morning, February 13 

Registration. ; 

Committee Meetings. 

♦ Monday, 2:00 r. m. 

Electrophysics and Dielectrics 
Technical Session , under auspices of Committee on Electro¬ 
physios, Vladimir Karapetoif, Chairman. 

Surge Impulse Breakdown of* Air } J, A Torolc, *Westinghouse 
Electric & Mfg. Co. # • 

Influence of Internal Vacua and •.Ionization on the Life Dura- 

' lion of Paper-Insulated, High-Tension Cables, Alexander 


Smouroff and L. Mashkileison, Electrotechnical Institute of 
Leningrad. 

Approximate Solution for Electrical Networks, E. A. Guillemin, 
Massachusetts Institute of Technology. 

The Boltzmann-Hopkinson % Principle of Super position, F, D. 
Murnaglian, Johns Hopkins University. 

%. i 

Monday, 8:00 r, m. * 

» Lecturej 

The Earth's Electric Charge , W, F. G. Swann, Director of Bartol 
Research Foundation, Franklin Institute. 

Tuesday, 9:30 a. rt. 

* * 

Interconnection and Its Effect on Power Development 

Technical Session , under auspices of Committee on Power 
Generation, W. S, Gorsuch, Chairman. % 

The following papers and discussion constitute a symposium 
on present-day practise and new developments of interconnec¬ 
tion in various parts of the United States. Some of the’points 
to be considered are: (a) Effect on Plant Capacity and Size # 
of Generating Units; (b) Economics of Operation; (c) Operating 
Features; (d) Stability and Reliability; (e) Load Dispatching a^d 
Load Control; (f) Technique of Interconnection Operation; 
(g) Physical Facts as to Interstate Power. ♦ 

The Conowingo-IIydro-Electric Project of the Philadelphia * 
Electric Company's System—with Particular Reference to 
Interconnection , W. C.L, Eglin, The Philadelphia Electric Co, 
Progress and Problems from Interconnection in the Southeastern 
States , W. E. Mitchell, Georgia Power Co. % * 

Some Aspects of Pacific Coast Interconnections, P. M, Downing? 

Pacific Gas & Electric Co, * » 

Interconnection and Power Development in Chicago and the 
Middlewcst, H. B. Gear, Commonwealth Edison Co. 
Discussion of the papers and the subject of interconnection 
in general will be presented by the foil owing: 

Charles L. Edgar, Edison Electric Illuminating Company of 
Boston. * 

A. O. Marshall, The Detroit Edison Co. 

John W. Ljeb, New York Edison Company. 

James Lyman, Sargent & Lundy ,Inc. 

Farley Osgood, Consulting Engineer. 

E, C, Stone, Duquesne Light Co. ’* 

G. N, Tidd, American Gas & Electric Co. 

L. W. W. Morrow, Electrical World. * 

W. S, Lee, Southern Power Co,, 

R. F. Sehuohardt, Commonwealth Edison Co. , , 

C. F, Hirshfeld, Detroit Edison Co. 

F, A. Allner, Pennsylvania Water & Power Co. 

Tuesday, 2:00 p. ai. * , 

’ * * 

Technical Session on Miscellaneous Subjects 

'The Saturation Pcrmeameler, S. L. Gokhale,,General Electric Co. 
Manufacture and Magnetic Properties of Compressed Powdered 
Permalloy, W. J. Slmckelton, Bell Telephone Laboratories, 
and I. G. Barber, Western Electric Co, 9 

Effect of Humidity on Dry Flashover Potential of Pin-Type 
Insulators , J. T. Littleton, Jr., and W. W, Shaver, Corning 
Glass Works. 

The Cathode Oscillograph as Used in the Study of .Lightning anc^ 
Other Surges on Transmission Lines, ^Lecture by Harold 
Norinder, 

Tuesday, 8:00 p, m. 

Smoker and Entertainment 
Wednesday, 10:00 a. m, 

Electrical Machinery 

Technical Session, under auspices of Committee on Electrical 
Machinery, E. D. Newbury, Chairman/ 

Synchronous Machines—IV, R. E. Doherty and C.^A! Niokle, 

General Electric (Jo* 
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CakidMmt «r AnMm£Z m™Co° ; M acUmi, Topia Ttltiraph Tnpmittim Theory, II. B. Nyqniat, 


^ *V WHV 1*0 JU U^/W/fCd, 

Robortson, General Electric Co. T 

The Thermal Volume Meter, C. J. Fechkeimer and G, W. Penney T „ « m- 

Westinghouse Eleotrio & Mfg, Co. y ’ B^pootion Trips 


Wednesday, 2:00 r. m. 

* • Electrical Machinery 

Technical Session, under the auspices of Committee on Eieotrical 
• Maebmery, F. D. Npwbury, Chairman, 


Thursday, 1:30 and 2:30 r. m. 
Thursday, 7:30 r. m. 


Dinner-Dance. 

. Friday, 10:00 a. V 

Control and Protective Equipment and Substations 

„ _ 7 _ ' 0.^.1 n • 


' h," 

.... 


Recent Improvements in Turbine Generators ' S T TT l i on ° an Protective Equipment and Substations 

• c. R. Soderborg, Westinghout Eleetrk, & Mff Co aus ? ifles of Committee, on Protective 

Desiati and Ann?**/ * Devices. . L. Hunfci Chairman 
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I/m Lowes tn the Conductors of a D-C. Armature, W V Lvon Protect f Power Co., and E. L. Hough, General Eleotrio Co. 
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Motors, L, R. Ludwig, Westinghouse Electric & MfV Pr, 
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AZo/ora, L. R. Ludwig, Westinghouse Electric & Mfg. Co. 
Wednesday, 8:30 p, w. 

- presentation of John Fritz and Edison Medals. 

Thursday, 9:30 a. m. 

Communication * 

01 - 

U,,.. . ■ . fd ^l V r fhe 0lmailn « Pr °U*m, K. w. Wat. 

ereon, Amonoan Telephone & Telegraph Co 

§$*%<'• following f.nncn A-. *11 

'!; °ver the Ne\ 


• * 




------ -V -II ^uiutui nines Against 

• Ldward Beok, Westinghouse Eleotrio* Mfg Co 
19B6 Lightning Experience on lSS-Kv. Transmission Linos, 
Bluhp Sporn, American Gas & Eleotrio Co. 
lacuwn-Tube Synchronizing Equipment, T. A. E. Bolt and N 
Hoard, General Electric Co. 

USB OhtoPnhr T l VB ? USh n g in ^Vnchronizing, E. E. Spraoldon, 

* k llf w ?? Go ". and D ' E ' Marshall and P. O. 
Langguth, Westinghouse Eleotrio & Mfg, Co. 

Fiuday, 2:00 r. m. 

Arc Welding 

^ “w“d,iT^ u "X‘^C n 0, - E, ““” 

f? i *£:»z$z£g* ****** '*#*+. 

n fjSZ^SS£rSSS»>r m A. An,, 

Candy, Westingfliouso 
Electrical Apparatus, A. p. 




• ■ ^ w rngn Mjficiency and Load a V ^ 

Hanna, Westmghousd Eleotrio & Mfg. Co. " R ‘ Afona/nclMrc of Lgr.gp Eieotrical j 

7:; > : - ■ . ■■»' : < . • Wood, General Electric Co. : 

k . AK Louis regional Meeting March 7-9, 1928 
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PROGRAM OF SAINT LOUIS MEETING 

* » 

Wednesday Mornino, March 7 

Registration 9*:00 a, m. Committee Meetings 

Branch Conference and Student Technical 

* Session 9:15 a. m. 

* 

Professor Geo. C. Shaad, Presiding 
Wednesday, 12:15 p, m. 

Combined luncheon with St. Louis Electrical Board of Trade* 
Speaker Bancroft Gherardi, president A. I. E. E.J Sfcatler Hotel 
Ball Room* 

Wednesday, 2:15 p. m* 

Hotel Coronado 

Technical Session on Electrical Machinery 

A* E. Bettis, Presiding 

Address of Welcome, A. E. Bettis, Vice President, A, I, E. E. 
Southwestern District, 

Remarks by National President, Bancroft Gherardi. 

1. Magnetic Leakage and Fringing-Flux Calculations , W. L. 
Upson anct E. L, Furfch, Washington University, 

2. Squirrel-Cage Motors with Split Rings , H* Weichsel, 

Wagner Electric Corp, • 

3. Electric Equipment for Oil and Gas Locomotives, A. H. 
Candoe, Westingliouse Elec, and Mfg, Co* 

4. The Squirrel-Cage Motor , J, L. Hamilton, Century Electric. 

* Wednesday, 8:00 p. m. 

Lecture and special entertainment, Engineers' Club Building. 
Music,'dancing, games, refreshments, 

Thedecture is by F. W. Peek, Jr. of the Transformer Engineer¬ 
ing Department, General Electric Company, Pittsfield, Mass. 
Subject 1 ‘Lightning." 

This is to be a popular talk, well illustrated with lantern 
slides and moving pictures* Ladies are invited. 

Thursday Morning, March 8 
Technical Session 9il5 a. m. 

Power Systems “A" 

L* F. Wo olston, Presiding 

5. .The Public Utility Laboratory and Its Relation to Service, 

G. E. Meredith and D. D. Clark, Kansas City Power and 
Light Co. * 

0. Recent Developments in the Application of Demand-Metering 
Equipment , Stanley Btokes and Leslie V. Nelson, Union Electric 
Light and Power Co. - •>•••••••' Pi^i-V 

7. Excitation Systems—Their Influence on Short Circuit and 
Maximum Power , R, E. Dohorty, General Electric Co* ' 

8* Voltage Regidators, R. M. Carothers and C. A. Niolcle, 
GonoriilEleotricCo*- 

Thursday, 12:16 p, m 
Luncheon at Hotel Coronado, 

Thursday Afternoon ; 

Inspection trips arranged to stilt the convenience of guests, 

v: .„v.:'• : TiiqiispAY, 7:00 p. 

Dinner-Dance in the Pa Lido of the Coronado Hotel, 

. * ' v : F riday, March 9 

* ' .. ■■ \ ' \, y: . > ■; 

, Technical Session 9:15 a. m. 

yMy • S Power Systems “B” ;■ 

S. M. Dd CAjjfP, Presiding V \ 


. . ) Supplying Foyer toA-C. Sub-Stalione, A. E. Anderson? General. 


• 11* Quantitative Mechanical Analysis for 'Power-System Tran¬ 
sient Disturbances , R. C. Berg vail apd J P, H. Robinson, 
Westinghouse Elec, and Mfg. Co. 

12. ’ Vibration of Transmission-Line Conductors, Theodore 
Varney, Aluminum Company of America. 

Friday, 12:15 p* m* , 

Luncheon, Coronado Hotel. 

■ Friday Afternoon * 

Technical Session 9il5 p. m. ,/* 

Session on Communication 

B, D. Hull, Presiding * 

13. Vector Calculating 9 Devices , M. P. Weinbach, University of 
Missouri. 

14. Planning Telephone Exchange Plants , W. B. Stephenson, 

Southwestern Bell Telephone Co. *' • 

15. Tuned Radio-Frequency Amplifiers t Professor * R. S. 
Glasgow, Washington University. 

16. Lecture on Television, II. E. Ives, Bell Telephone 

Laboratories* • 

* • 

Regional Meetings at Baltimore and • 

, New Haven 

Two coming Regional Meetings of the Institute which promise 
to be of great interest are those to be hold at Baltimore, Mary¬ 
land, April 17-19, and New Haven, Connecticut, Mafr 9-1V- 
respectively.- * , 

For tlie Baltimore Meeting three technical sessions are planned; 
on the subject of insulation, the Gould Street station of the 
Consolidated Gas and Electric Company and tlie Conowingo 
development of the Philadelphia Electric Company. 

. At tlie New Haven Meeting an important subject on the tech¬ 
nical program will be the application of relays and the instru¬ 
ments and methods used in determining proper application? 

Further details on these meetings will be published in later 
issues of the Journal. 


Tour Through Yellowstone Park Proposed 
to Follow Summer Convention • ■ 

A most enjoyable tour has been proposed fpr Institute members 
and guests to follow the Bummer Convention of the InstiUite*m 
Denver, June 25-29. The Yellowstone National Parle, with its , 
many scenic wonders, willfce tlie main objective of this trip hut 
other attraotiye places will bo included. The tour will bo so 
planned that members will have to make no trAiri, hotel nor 
.sightseeing arrangements. About three weeks will bp required 
for the tour by members from the East, .inclusive’of time spent 
at the convention* 

It is believed that many Institute members will take ad¬ 
vantage of this unusual opportunity to visit without the 
burden of detail, and in the congenial company of fellow members, 
some of the most wonderful sights of this country. 

In crider that some idea may be obtained of the possible num¬ 
ber who would attend, everyone who might be interested in suqIp 
a tour is requested to communicate with A.LE. E.' headquarters. 
Further information, will be sent to those who are interested. 

,' ' Summer Convention Program 

' , Ah exceptional program is being plaRiied for the Summer 
Convention. Although no definite arrangement is possible at 
this early date the present plans indicate that there will be 
technicalvpapers on electrical transportation, communication, 
operation of electrical equipment at high altitudes, electrical 
measurements of non-electrical quantities and other timely 
subjects. The latest^evolopments in all linos of electrioity 
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Commit! 1 “".ST* 1 rep0rtS ? f fch ° Institut6 . Teclmical 1:00 p. m, Luncheon Symposium. 
Committees which will be presented. The local committee nW/.rmv.,,,,,; 
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Committees which w^ll be presented. The local committee 
also promises some fine entertainment for the visitors More 
complete information will be published in later issues of the 

JOtJRN’AL. • 


I S? Midwest Power Con Equipment for Power Transmission, A. C. Montoith 

. wer ^ or *terence in Chicago Westmghouse Eleo. &Mfg, Co. 

; • February 14-17 2:00 p.m. Inspection trips, r 

^ Wiaual Midwest Power Conference will be held with • Friday, Fbb. 17 

rssssxr ™ 

#3-“^ i&s M c ti;sct«-*- - 

• • *:• ><•«:? The E S«* of steam Reheating, Stage Feed Water 

tf/yj ' •• ; • Tuesday, Feb. 14 Heating, and Boiler Reheating on Steam Turbine 


Combustion Control in Industrial Plante, T. A. 
Peebles, Hagan Corp. 

Combustion Control in Central Slations, Chas, H. 
Smoot, Smoot Engr. Co. 

The Effect of Steam Reheating, Stage Feed Water 
Heating, and Boiler Reheating on Steam Turbine 
Practise and Development, Edward Brown. 
Allis-Chabners Co. 

Embrittlement of Boiler Plate> S. W. Parr and F O. 
Straub, U. of Ill, . 


Registration. and Develo Vment, Edward Brown, 

Kfe"*.A Session. Albs-Chalmers Co. 

p;‘ s ° mUA - my ‘ *STb%!'cfS ,p “ ,s w ' p "“ dF - 

lltfl Add tess by Major Rufus W. Putnam, Chairman of * 

Up. %t l m ** Addw ®; 'PwZ^Bockground of Today’s Cmli- SeCtl °^ N °* 7 l - E ‘ E - Standards 

-Mi- • Speaker: Glenn Frank, Pres. Univ Now Available 

___a 


I -’. Address. Power, the Background of Today's CMil Revised Section No. 7 A. I. E. E. Standards 

$*<4 • * al ™’ s P e aker: Glenn Frank, Pres. Univ Now Available 

ife^iOO p. m* General'Session "Pow* a u A I E Vi n T?? bl f, revised edit{o11 - of Section No. '7, 

’ . ^oryandHom™ A ° 00m ^^ - Synchros ^ 

' mer X e °*" *?• Romance of Power, W. A. ™* n . ew edition embodies the changes made hvlIZf™ 


I PA Romance of Power, W A 
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Hgw io Make the Bm»iBearer Bear the Burden Standarda CommitterharSrengage'dT'Te Ell 7 e0 p rin ? 
Burke Corcoran. Seoy. Eleo. Assn, of Chicago! 

g(fe.' ■ Wednesday, Feb. 15 * ' Standards' a p tUally .f f comni e ild mg them to American Enrfneor- 

■. - - • 

^:r teoaf “- 

' tESZSZ* ■*£. IjlMEBtCANENGINEERING COUNCIL 

# The Combined Use of Wab* „„j CT . | m . . 

IVopreo ond Trend in Hydraulic Power Dev 7 Was heldi m Washington D C CouQ<5il 

H. A Hageman, Chief Hydraulic Fn to? Qf ilS ’ 9 ' 11 - 192s - The various natinnni ^1® j VI “'^ ow W Hotel. January 
i m A & ^ 0b3ter - U Egr '’ Stone societies, constituting the mern^ 0 ^ ^ 0 ^ 

, m ‘ AnnUft l Banquet, Hotel Stevens. Practically all offioia i f ** 0*0^*#** 

TnmiBr. : others interested behm annS t 9^ delegates and 

m Wi <J ,Fbb16 Dexter S, Kimball, of Cornell^dvet^f-B- 0110 ^idsidoiit 

’ Cw2dV- E0OnonUcs of p oworStations » The following eonstituteJ^a^brief Pr0Sld . ed> '“.. 7 ':'. 

■ SLIT to EcoZdy of Centro, P b ^‘.^«ons taken: - * & ^ summ ^,of the more itn- ; 

HiehpliuJ.^ Dow - Detroit Edison pJ Appointment was annoimood nf p A ‘ , _■ . 
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Underground Transmission Developments and the 
General Effect Upon Reliability of Service, 
H. B. Goar, Conunoirwealfch Edison Co. r 
Overhead Transmissions , Geo, F, Humplu’ey, 
West Penna. Power Co, 

Equipment for Power Transmission, A, C. Montoithj 
Westinghouse Eleo. & Mfg. Co. 

2:00 p.m, Inspection trips. r 
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president of the American Society of Civil Engineers; Arthur E- 
Morgan, president of Antioch College, Yellow Springs,, Ohio. 
A fifth member is to be appointed. 

The Committee will study the reports of the Engineer Corps 
and tfho Mississippi River Commission, and thoroughly famil¬ 
iarize itself with the problem so that it may be prepared to recom¬ 
mend appropriate action by the organized engineering profession 
of the TJliited States. 

The Committee was’instructed to cooperate with the Flood 
Control Committee of \he House of Representatives, and to 
present the attitude of the American ’Engineering Council at 
Congressional hearings and elsewhere. 

Opposition to the expenditure of public moneys for the Boulder 
Dam project, for the aid of commercial aviation, and for the 
development of agriculture, home economics and industry, was 
voiced in resolutions passed by the Council. 

Acting upon tho recommendations of its Public Affairs Com¬ 
mittee, the Council voted its disapproval of the Saving-Johns on 
Bill, which provides for the construction of works, for the pro¬ 
tection and development of the Lower Colorado River Basin, 
and for the approval of the Colorado River Compact. 

The engineers objected.to that provision of the Bill'which 
establishes the * ‘ Colorado River Dam Fund” to receive advances 
from tlio Government not exceeding $125,000,000 on the ground 
that it involves Federal ownership and the sale of power. * 

The Council opposed the Bill introduced in the House by 
Representative McLeod, providing governmental aid in com¬ 
mercializing aviation in the United States, its territories, and 
possessions, because t‘it is contrary to the recommendations 
contained in the report on Civil Aviation prepared by American 
Engineering Council and the Department of Commerce.” 

Thq Bill of Senator McKellar to establish the Muscle Shoals 
Commission was also condemned by the engineers. Among those 
who spoke in* opposition to this measure was Dr, Harrison E. 
I-Iowo, editor of ^Industrial and Engineering Chemistry,” and a 
member of the,,National Research Council, 

* Discussion of the Bill of Representative Tillman brought out 
tho unanimous opinion that the engineering profession should 
support a sound Federal program to assist agriculture, but that 
this Bill, which makes annual advances by the Government to 
'develop agriculture, home economics and industry, does not 
coincide with the engineering point of view. 

At tho end of blevon years, the yearly appropriations for these 
purposes, according to the provisions of the Tillman Bill, would 
aggregate $0,000,000. . Further invostigaticto. of the whole 
problem was urged by the engineers. 

Tho Council voted to support the Bill of Senator Ransdell 
which would place the proposed National Hydraulic Laboratory 
in the Bureau of Standards. Other bills now pending in Con¬ 
gress would assign the Laboratory to the Engineers C6rps and 
to the Mississippi “River Commission. 

The Council favored in principle that section of the House Bill 
which provides for the establishment in the Department of Labor 
of a Bureau of Labor Statistics, but refused to endorse the pro¬ 
vision for the creation of a Safety Museum, 

It was also voted to oppose the passage of the House Bill which 
prevents tlio use of stop watches or time measure devices, and 
to support til© House Bill establishing requirements affecting 
Government contracts. 

The engineers‘"discussed the House measure which would 
create a commission to ascertain the feasibility of constructing 
the Nicaraguan .Oanal, and finally referred the question to the 
American Society of Civil Engineers with a request for recom¬ 
mendations thereon, \\ 

The Council adopted the report of its Committee on Street 
Signs, Signals an£ Markings, which has^just completed a Nation¬ 
wide survey of traffic condi tictas in more than one Jiundred cities 
with a population exceeding 35,000,000, 

•The Committee, it was declared, has successfully aceomplidied 


/‘the most comprehensive study yet made of traffic control 
devices.” .Headed by W. B, Powell of Buffalo, N. Y., it enlisted 
the cooperation of more than 500 enginoers, who reported vast 
discrepancies in the signs, signals and markings used throughout 
the country with little regard for standardization. 

The Committee, according to the Council's announcement, 
has set up a recommended standard set of^signs and established 
specific recommendations for the maintenance, color, material, 
location and method of illuminating those signs. * 

As to signals, the report, it was said, points the way to simple, 
standards for universal use, Other recommendations of the 
report ‘‘are aimed* to aid cities in getting that type of traffic 
control best suited to their needs,” A systei* of p&v&ment and 
curb mar Icings leading ,to simplicity and uniformity is also 
recommended. , 

Offioeks Elected • , 

The officers elected for the coining year were—President; 
Arthur W. Berresford, of New York, a past-presided^ of the 
American Institute of Electrical Engineers; Vice-Presidents: 
I. E. Moultrop, of Boston; Gardner S. Williams, of Ann Arbo*, 
Michigan; O. H. Koch, of Dallas, Texas; and L. P, Alford, of 
New York; Treasurer: Harrisou E. Howe, re-elected; Executwe- 
Secretary: L. W. Wallace, re-elected. 

The representatives of the A. I. E. E. present were—A. W! 
Berresford, New York; John H. Finney, Washington, D. C.; 
M. M. Fowler, Chicago; II, M. Hobart, Schenectady; F. L. 
'Hutchinson, New York; H. A. Kidder, New York; I. E. Moultrop, 
Boston; Farley Osgood, New York; Charles F. Soett, New 
Haven; C. E. SJrinner, Pittsburgh; and Calverf Townley, 
New York. * # 

The delegation selected to represent the A. I. E. E. upon the 
Administrative Board of the Council (in addition to President 
Berresford and Vice-President Moultrop), is oomposed of John 
H. Finney, M. M. Fowler, H. A. Kidder, Farley Osgood, Charles 
F. Scott, and C. E, Skinner, 


Kansas City Engineers Club Extenfls 
. t Welcome 

The Engineers Club of Kausas Gity extends a cordial invitation 
to all Institute members who may be in Kansas City at any time 
to visit the Club, A meeting with some form of program or 
entertainment is held in the-Roof Garden of the Aladdin Hotel # 
every Monday noon, Tho Kansas City Section of the Institute 
and other local organizations*are affiliated with the Engineers’ 
Club. * • . 


Welding Meeting Held in Boston * 

A joint meeting on welding was held December 14, 1927 
under the auspices of the Affiliated Technical Societies of Boston 
(Mass.), of which the Boston Section of the Institute is a member. 
Three sessions were held—morning, afternoon, and evening,—at 
which the following 12 papers were presented: 

General Principles of Ike Various Welding Processes? by F. M. 
Farmer, Chief Engr., Electrical Testing Laboratories; 

Examples of Arc-Welded 'Steel Construction, by G. D. Fish, 
Consulting Engr,, Westinghouse Electric & Mfg. Co.; 

Welding Trusses for Industrial Buildings , by Andrew Vo get, 
General Electric Co,; 

Pipe Line Welding from the Oxy-Acetylene Viewpoint, by 
LeRoy Edwards, Air Reduction Sales Co.; 

Pipe Welding and Other Recent Developments in Welding, by 
D,;B. Deyoe, General Electric Co.; xf/ ^ 

Thermit Pipe Welding , by R. L. Browne, Metal & TJierniit 
Corp.; . 

1 Replacing Castings by Steel Elements : Cut to Shape by Automatic 
Shape-Cutting Machines , by Dr. A. Krebs, General Welding and 
Equipment Co.; . • j. ; • • ’ //.' v\ 
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Ecoie Suporieure d’Elootrioito as assistant to M. Andre Blondel 
in special research, work, ' • » . 

After his return from Paris in 1900, Mr. Creighton again 
taught for a brief period at Leland Stanford but in 1901 he came 
east and took a position as head of the experimental department 
of the Stanley Electric Manufacturing Company at Pittsfield, 
Ho was engaged thus until in 1904 the Stanley Company became 
part of 'the General Electric Company whereupon Professor 
Creighton came to Schenectady and was associated for the first 
time with Dr. Stemmed who was then head of i the electrical 
engineering department at Union College, Prom’ 1904 to 1906 
he was assistant to Dr. Steinmetz in this department and it was 
during this interval that an experimental laboratory, conducted 
by these two and others of the college faculty, but designed to 
serve the needs of the General Electric Company, was established 
in Washburn Hall, Union College. Much pioneer work in the 
study of protective devices and methods for transmission systems 
was done in this laboratory. The researches continued at Union 
College until the fall of 1913, when the laboratory was moved to 
the Schenectady plant of the General Electric Company where 
it has since remained. It was at that time placed under the 
consulting engineering department of which Dr. -Steinmetz was 
the head, and some years later it was consolidated with the 
Standardizing Laboratory to form the present General Engineer; 
ing Laboratory, in which department Professor Creighton was 
serving at the time of his (loath. 

During the nearly quarter century stretch from 1904 Professor 
Creighton had performed a great deal of high tension and 
lightning protection investigation, He had been an inventor of 
many protective devices for electrical systems including an 
aluminum lightning arrester, direct-current and alternating- 
current arresters, a compression chamber arrester, a dry-film 
arrester and concrete reactors, as well as other less important 
devices. \ 

Professor Creighton served on many technical committees 
of the Institute, specifically the Meetings and Papers Committee 
and committees relating to protection; alsb on the American 
Engineering Standards Committee. He was a Fellow and 
member of the Society for the Promotion of Engineering Edu¬ 
cation, the American Association for the Advancement of 
Science, the American. Society of Mechanical Engineers, the 


American Physical Society, the American Electro-Chemical 
Society, the American Ceramic Society, the SociStS Francaise 
des Electricians, a Fellow of the Institute a£nd SigmaXi. 

Professor Cerighton had written many technical paper 3 and 
was a frequent lecturer at oolleges and before technical audiences. 
He held a number of medals. 

Addtesses Wanted . 

A list of members whose mail lias been returned by the postal 
authorities is given below, together with the addresses as tliey 
now appear on tlie Institute records/ Anyone knowing the 
present address of any of these members is requested to communi¬ 
cate with the Secretary at 33 West 39th St,, New York, N, Y, /j|l 
All members are urged to notify the Institute Headquarters* 
promptly of any changes in mailing or business address, thuf 
relieving the member of needless annoyance and also as 3 urjng the 
prompt delivery of Institute mail, the aocuraoy of our mailing 
records, and the elimination of unnecessary expense for postage 
and clerical work, • 

Wn, S. Barden, 514 Todd St,, Willdnsburg, Pa. 

II. S. Bedi, c/o Y.M. C, A., Elizabeth, N.J, . • 

A. B. Blatherwiolc, P, O. Box 857, Bremerton, Wash. 

David E. Carpenter, 136 Woodland St., Worcester, Mass*. ! 
John F, Dreyer, Jr., Stevens Inst, of Tech., Hoboken, N. J. 

J. B. Entz, Beeohmont Drive, New Rochelle, N. Y. 

Jos. E. Gartenman, Box 19, Eastside P. O., Providence, R. I, 
Geo. B. Germain, Westinghouse E. & M. Co., Chicago, Ifl. 

KingE. Gould, 3 William St., Cambridge, Mass. * * , 

Joel Hakanson, 1935 Daly Ave., Now Yorlq N. Y. 

Ralph E, Ingersoll, 1110 Wood St,, Willdnsburg, Pa.* • 
George T, Lawson, 1644 43rd St., Brooklyn, N. Y* 

Joseph M. Lyden, Finlcbine Guild Lbr. Co., Roekport, Calif. 
Samuel Parmley, P. O. Box 256, Gary, Ind. 

E. B. Schultz, 2024 Locust St. f Long Beach, Calif, 

James P. Scott, 503 W. Michigan Ave,, Jackson, Mich. 

S. D. Thordarson, 115 K East Ave. 36, Los Angeles, Calif. * 

Wm. M. Van Sant, 531 Elm St., Reading, Pa. 

Leo J. Vonsovi^li, 1730 Hearst Ave., Berkeley, Calif. 

R. M. Wild, o/o Stone & Webster, Inc., Boston, Mass. 

Ralph Wilder, 1144 W, 51st St., Los Angeles, Calif. ♦ 
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FUTURE SECTION MEETINGS.' : l' ' . Lynn 

Cleveland . Hydroelectric Development and Interconnection in ike Southern- 

Power Plant Development, by C. F. Hirshfeld, Detroit Edison States, by.W. E. Mitobell, Vice-President, Georgia Power Co. 
Co. Electric ^League Room, Hotel Statler, 8 lOO p. m. Feb- 42 Centre Street, West Lynn. February 13. » 

V; ruarylO. _■ V Looal convention, with papers by members of the Thomson 

Joint meeting with Case Sokool of Applied Science Branch. Research Laboratory, G. E. Co. 42 Centre Street. Fel>- 

. , March 22. ruory29, 

'• . •. ..., ■ • ' Columbus yft. ! ■ipi The Grand Canyon, Southeastern Utah, the Zion and Bryce 

„.-.V . Modern Trend in LargeGenerating Apparatus, by F. D, Newbury, . Canyons, by Randall Jones,. , Ladies’ Night. First M. E. 

y? ; Westinghouse >EIootrip & Mfg. Co. Minn, entitled “From Coal Church* City Hall Square. March 7. 

: to Electricity. V February 24* Niagara Fronii. 

Joint dinner meeting with Engineers’ Club of Columbus. n l , , m „ ■ * 

. Marcti 23 > * Latest Developments of WeUii^g, by C. L. Ipsen. General 

. : jjaaron^.. . . Detrolt-Ann Arbor 1 Electric Co. February 10. 

" ( ™ . \ '..S', « .... ■ .V , . AiUgmalio Control of Substations by Means of Supervisory 

. Eiectncity in Modern Office Bmldmgs, by George Wagscbal, • Contrd mother Methods, by R.. J. Weneley, Westinghouse 
Consulting Electrical Engineer. February 21. Electric & Mfg. Co. March 2. . 8 

■ V, ■ Erltl : ' Pittsburgh 

Cpnmprcial Aviation, by W. B, Stout,, Stout Metal Airplane The Engineer in Industry, by W. S. Rugg, Vice-President 
- I Co. February 2k . j • Westinghouso Electric & Mfg. Co, February 14. r 

y ,: ■ , TendenciesinModernTranspor,talion, byN. W. Storer, Wasting- • Vacuum-Tube Applications, by T. A, E. Belt, General Eleotri® 

• house Eloctrio £&• Mfg. Co. Maroh 20. , Co. March 13. . V .11 
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the meeting, at which Dr. Harold Norindor, Royal Board of 
Water Falls, Stockholm, Sweden, spoke on “Lightning and 
High-Voltage Surges on Transmission Lines.” January 0, 
Attendance 126. 
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1 ' Pittsfield 

SIB8I8R?:' ‘rM.;>Eloods an d Flood Control, by Dr, Frank Bohn, Masohio Temple, 
mpf):p^r: ^February 7. * 

.>• Heaviside's Operational Calculus , by Dr, E. J. Berg,‘Union 
. University, Stanley Club Rooms, February 21. Louisville 

Conditions in China, by Dr. Teliyi Hsieh, Masonic Temple. ^ 71 Engineering Paradox , by Dean P. S. Anderson, Univorsity of 
March 6. . Kentucky. Joint meeting with A. S. M, E. November 22. 

c . Y M Attendance 63. 

at. Louis f 

• Superpower Transmission , by Robert Treat, General Electric 
Co. February 16, 

J Television) by Dr. H. E. Ives, Bell Telephone Laboratories. 

March 2^, % 

• Sharon 




m&ffiyk f: 

ill 


. . 






Pgii: 




ATsw Development in Supervisory Control , by R. J. Wensley, 
Westinghouse Electric & Mfg. Co. Moving pictures and 
demonstration. February 7. 

Elements of Vector Analysis for the Mechanical and Elec¬ 
trical Engineer, by Prof. V. Karapetoff, Cornell University. 
Lecture at 4:00 p. m.—Piano Recital at 8:00 p. m. February 25. 
« Meeting in Y. M, C. A. Auditorium, Youngstown, 0. Ad¬ 
dresses aud lantern slides. Inspection of 132-kv. substation. 
Transportation in P. & 0. busses. March 6, 

• Vancouver 

. Students* Night at University of British Columbia. Feb¬ 
ruary 7. 


Recent Developments in the Bell Laboratories, by L. S. O'Roark, 
Information Manager. Illustratpd. Joint mooting with 
A. S, M.,E. and Engineers and Architects Club, December 
20, Attendance 115. 

Lynn 

Trends in Central Station Development , by G. A. Orrolc, New 
York Edison Co. Illustrated with slides. December 14. 
Attendance 120. 

Age of Speed, by R. P, Capron, Norton Grinding Co. Illus¬ 
trated with motion picture, January 11. Attendance 176. 

Mexico 

The Hydraulic Side of Ike Tepuxtepec Hydro-Electric Development. 
by a ftbfllta, Mexican Light & Power Co, December 6, 
Attendance 51. 

Milwaukee 

Engineering Principles Applied to Finances ,’ by R. M. Luos, 

. Morns E. Fox & Co. December 21. Attendance 75, 

Minnesota 


°f a Heceni Visit to Europe, by F, J. Bartholomew Engineers and Municipal Oavcmmml, by A. C Godward 
. 0 ! Bartholomew, Mont gomery & Co., Ltd . March 6. Cityjhimnng Engineer, Minneapolis^ January 3 Atten- 


SECTION MEETINGS 

* • V, 

• Atlanta 

Annua! DiwiSr. The following officers were elected: Chairman, 
T; H. Landgraf; Vice-Chairman, W. F. Oliver; Secretary- 
Treasurer, S. C.JBleckley. September 30. Attendance 25. 
Business Meeting. Daniel H. Woodward was elected Secretary- 
Treasurer to succeed S. C. Bleckley. A luncheon preceded 
the meeting. November 25. Attendance 18. 

•V: Boston 

All-day Meeting on Welding. (See details elsewhere in this 
issue). December 14. 

Television , by J. W. Hortbn, Bell Telephone Laboratories. 
. Accompanied by moving pictures. January 11. At- 
t -V? tendance 460. 

«'r , Cleveland 

^ u • Hort $ ll » 5? 11 Telephone Laboratories. 
* AttSncelfl^ 68 ^ving pictures. December 15. 

* ~ * Columbus 

i • Manufacture of Carbon brushes from Raw Materials, by W. C. 
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New York * „ * 

Interconnection of Power Systems. (See details elsewhere in 
this issue.) January 13. Attendance 760. 

Philadelphia * 

Transmission of Pictures, by W. E. Harlcness, A. T. & T. Co 

Decenteer\^^\tten(fance^210? nGr Pr ° C ° C,fi(1 th ° m0eting > 

Pittsburgh 

Engineers Versus Salesmen--Who 9 8 Ahead ? by G, M. Gadsbv 
Presidmit, West Penn Power Co. Joint mooting witli 
Enpneers Society of Western Pennsylvania. Motion 
pictures. December 13. Attendance 250. 

Pittsfield 

Hot Cathode Power Rectifiers, by A. W. Hull, Qonoral Eleotrio 
dance75 1Strated Wlth slides ' Dooolnbor 20. Atten- 

Portland 

Flood Conditions in the Mississivm Valiev hv T.lmif 1 n r> 
Lnkesh Illustrated with ^des.J^S mee ng C °of Port 

' dance 15? ng,neeri “ g Societies ’ Doce ^er lf.Atten- 
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Schenectady 

Theory of LigJU Production in Oases , by Dr. S. Dushman, General 
Electric Co. and Hot-Calhode Neon Arcs, by C. G. Pound, 
General Electric Co. Slides and demonstration. Decem¬ 
ber 16. Attendance 100. 

, , Seattle 

Design gnd Construction of the Chelan Plant t Dam and Tunnel, 
by’V, H. Oreisser, Washington Water Power Co. Illus¬ 
trated. A dinner preceded the meeting. December 20. 
Attendance 119. 

Sharon » 

New and Interesting Electrical Developments, by*A. M. Dudley, 
Westinghouse Elec. & Mfg. Co. Talk by Larry Flint, 
newspaper man. A banquet preceded the meeting, 
December 6. Attendance 190, 

* ' Spokane 

The iSpokane A-C . Underground System, by Earl Baughn, Wash¬ 
ington Water Power Co. December 20. Attendance 32. 

Springfield ■ 

Film, entitled ‘‘From Coal to Electricity,” was presented by 


161 

A. A. Northrup, Consulting Engineer, Stone & Webster Co. 
The speaker also described by means of slides and motion 
pictures the hydro-electric development at Conowingo, 
Maryland. Joint meeting with Engineering Society of 
Western Massachusetts. December 13. Attendance 134. 

Toledo 

Theory and Practise in Transformer Oper atio n for Modern Inter¬ 
connected Transmission Network, by W, A. -Fursfc, Westing- 
liouse Electric & Mfg. Co. December 16. Attendance 50. 

Washington 

Research and Invention, by S, M. Kinfcner, Westinghouse Electric 
& Mfg. Co. December 13. Attendance 105. 

Safety in Power-Plant Construction, by C. R. Tteardsley, Brooklyn 
Edison Co. Illustrated with slides. January 10. Atten¬ 
dance 165. 

Worcester ♦ 

The New Aircraft Carrier, by Commander Theodore G, Ellyson, 
U. S. S, Lexington . Joint meeting with other engineering 
societies. December 19. Attendance 175, 
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Large A. I. E. E. Student Conference at 
Pittsburgh 

♦ On January lp, 1928, one of the largest Student Branch 
conferences ever held in Pittsburgh‘brought together students 
from West Virginia University, Carnegie Institute of Technology 
and pie University of Pittsburgh, to honor Mr. Bancroft 
Gherardi, President of the American Institute of Electrical 
Engineers. This student conference was beyond doubt a most 
successful and inspiring meeting. The afternoon was filled 
with events of interest to the students, including inspection trips 
‘through the laboratories of the Carnegie Institute of Tech¬ 
nology and the University of Pittsburgh, and luncheon at 
Carnegie Librarj' Cafeteria. This was followed by an afternoon 
program in the Fellows Room of the Mellon Institute of the 
University of Pittsburgh. The program was filled with good 
talks and discussion by the students. The following papers 
were presented J 

The Value of Good English to an Engineer, W. E. Vellines, 
West Virginia University. <* 

An Incident in Electrical Engineering , R. R. Lockwood, 
Carnegie Institute of Technology, 

Hydroelectric Possibilities of South America, R. Vecine, Uni¬ 
versity of Pittsburgh. 

The Engineer as a Citizen, S. G. Hill, West Virginia Ufdversity. 

Antenna Radiating Systems Jor Short Waves, R. S. Tener, 
Carnegie Institute of Technology. 

An Experience in Obtaining and Marketing a Patent, C. Cavery, 
University of Pi ttsburgh. 

How Shall We Stimulate the Interest and■ Enthusiasm of the 
Students in the Student Branch? C. L. Parks, West Virginia 
Unversity, Discussion was led by R. A. Ramson, Carnegie 
Institute of Technology, and K, A. Wing, University of 
Pittsburgh. 

IIow Can itye Jeurnal be Made of Greatest Value to the Student?, 
JohnE. White, Carnegie Institute of Technology. 

What' Part Sfcould the Faculty Take in Branch Activities?, 
R. P. Synder, University of Pittsburgh. 

# At this tirnfc*the chairman introduced Mr. F, J, Chesterman, 
Vice President and General Manager of the Bell Telephone 
Company of Pennsylvania. After a brief, address Mr. 
Chestdhnan presented Mr.* Charleswt>rth, Chairman of the 
Meetings and papers Committee, who gave, a short address on 
the value of such a conference to the future electrical engineer. 
Mr- Bancroft Gherardi, President of American Institute of 


t Electrical Engineers, and Vice-President of the American 
Telephone and Telegraph Company, was then introduced by 
Mr, Chesterman, and spoke on the various phases of individual 
development necessary for success. The students considered it 
quite an honor to have President Gherardi as their guest a&d 
to listen to his address. * ♦ 

The conference was attended by 80 students.* Of theft num¬ 
ber, 40 students attended the dinner and meeting of the Pitts¬ 
burgh Section of the A. I. E. E, and the Electrical Section of the 
Engineers Society of Western Pennsylvania held that evening 
in the Chamber of Commerce Building in honor of President 
Gherardi. In connection with the evening meeting, Mr*G. B, 
Pyles, Chairman of the Student Branch, West Virginia Uni¬ 
versity, gave^ a report of the Student Conference held that 
afternoon. • 

The other parts of the evening program were: 

Illustrated address on Trans-AUantic Radio, by President 
Gherardi, 

Symposium on A-C, Network Systems: *\ 

Engineering Aspects, by C. T, Sinclair, Assistant Elec¬ 
trical Engineer, Byllesby Engineering and Management 
Corporation, Pi ttsburgh Branch. ^ 

Operating Performance, by H. R, Searing, Assistant 
Electrical Engineer, United Electric Lifchi and Power 
Company, New York City. * * 


♦ » 

BRANCH MEETINGS 
University of Arkansas 

Audio Amplification, by Prof. Loy Barton. 4 December 14. At- m 
tendance 36. . , 

Armour Institute of Technology 

Joint meeting with A, S. M. E. November 18. Attendance 30. 

Standardization under Hoover , by W. A. Durgin. December 1 
Attendance 30. >- 

California Institute of Technology - 

Commercial Electric Motors, by H. C. Hill, General Electric Co. 
Motion pictures, entitled “The Conductor,” and “The Busy 
Body,” were shown, Decembers. Attendance 18. 

Carnegie Institute of Technology 

Teleoox, by Robert Lockwood, student. December 7. Atten¬ 
dance 35. . f -. ■_ 

Case School of Applied Science 

Experiences with the Ohio Public Service Company, by S. E. Abell ’ 
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and W. E. Hoebn, students. The meeting was preceded by 
a dinner^ : December G. Attendance 28. - 

Clemson Agricultural College 
> Ventilation of llw JIolland Tunnel „ by R, N. Anderson.; 

Lifl/tinirttf Prevcnft on, by J. F. Callaliam 

The Giant of Broadcasting, by B. H. Cuttino, and 

Current Events, by W. H. Cuttino. December 1, Attendance 20. 

!V , Panel Matcrtalfor SwitcJiboards, by F. F. Tice; • 

r. • JiUitrical Reproduction of Phonograph Records , by J. H. Clark; 

% Televoi c, by G. P. Cobb, and 

^ ' Current Events, by A. P. Wylie. December 15. Attendance 24. 

# * University of Colorado 

j®. ’ Long Distance Telephone Transmission, by E. Hattriek, Trans- 

.. mission and Protection Engineer $or Colorado, Mountain 

- *. States Telephone Co. The paper was prepare d _by K. a. 
I# • ? . . Honney, Educational Director of that company. January 4. 

jpj^; • Attendance 45. • 

. . . University of Denver 

HA Some RScent Work on Lightning Discharge, by J. N. Petrie. 
1S&" • Motion pictures, entitled “The Moulder,” and ‘-‘Liquid 

giffif- * • Air,’’were shown. December 10. Attendance 4o. 

p-f-.v'^ University of Florida 

* RaSio Broadcasting, by A. M. Skellet, Instructor in Electrical 
fe-'ift-J Engineering. October 31. Attendance 25. ' 

fe . ’iJtotion picture, entitled “The Malting of Armco Ingot Iron, 

K was shown. November 14. Attendance 35. 

W&i'-' The Mercury Vapor Process of Power Generation, by A. C. Dean,, 
mjm t' •••' . Secretary of the Branch. November 28. Attendance 20. 

IStll/.. tJ Georgia School of Technology 

' Pifisi Aid, by Jack Milan, First Aid Instructor fra the Georgia 
jfetSjih' :* Power Oo. The speaker demonstrated the Schaefer method 
gifil- ; ' ' i of artificial respiration. January 6. Attendance 53. 

Ife ' > ‘ ,L,; h Kansas State Agricultural College 

The Eloctrgnio Rectifier,by W. L. Garnett, student, and 
S Electrical Current Events, by F. B., Volkel, student. Two. mins 

Pjfefyh were shown—one of the K. S. A. C. and the other entitled 

| • “Land of Cotton." Decomber 6. Attendance 86. 

| Illumination, by Prof. 0. D. Hunt; 

I Eleclrfcal Current Events, bjrWv D. Nyhart;'student, and 

m.\ Technical Talk, by Paul Ayresn VMoUpnt piotiirei entitled 

i , "Light of the Race,” Was shown. December 19: Atten¬ 
dance 96. ; j' 

. h i University, of Kansas ■: 

What Electricity Has Dom for Mankind, by C. M. Ripley, 

■ General Electric Co. Illustrated with motion pictures. 

• ' ' Joint meeting with Student Chapter, A. S. M. B. December 
' 13. Attendance 325. i 

; hh. ■ Lafayette College 


University of Michigan 

Imaginative .Engineering, by Wm. Dreoso, Lincoln Motors. Co. 
December 9. Attendance 20. 

University of Minnesota w e ' 

Reserves in Central Station Industry for Maintaining Electrical 
Service, by H. E. Wulfing, Commonwealth Edison Co. 
November 15. Attendance 115. * 

Eu ci u ess Meeting. John Krielibaum appointed Branch Safety 
Representative. Decided to send C. L. Elliott, a.jimior to 
Regional Meeting in Chicago witl^ expenses paid by the 
Branch. November25. Attendances. 


UtliSCiriAJU* r y *7 n * -• 

Talk, bv Paul Ayres, Motion picture, entitled 
■ "Light of the 1 Race,” was shown. December 19:- Atten- 


j 0 mt-i 
13. i 

A-;' 


, .Discussion of Regional Meeting at 
>ranoh programs* A; R; Sansone wa 
succeed L. F, Masoniok who resigned. 


R. Chappell, students. 

£ Technology 


V: -I'-ilJU iAW V tl-CLI Li.Ill lUUDj -TV 

'f. ■ ;: ; ; . Tube.” .January 7. Attendance 20. : : : ^ ‘ 

Loli^h University 

r : •. Medricjal 1 hdiaaling Instruments, by A. F.| Corby, Jr., Weston 
Eleetrical lnstrumeiit Oorp. Deeombor 9, Attendance 86, 


; at Cliicago 
was eleeted 
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Branch. November25. Attendances. 

*. Mississippi A. & M. CollctJe 
Life and Work of the Young Graduate in the Testing Laboratories 
of a Large Manufacturing Corporation, by Prof, Commander. 

L H Calloway; Chairman of tko Program Committee 
announced plans for programs for the Spring semester. 
December 0. Attendance 28. 

University of Nebraska 

Dr E B Roberts, Supervisor of Service to Engineering Sohools, 

' ’ Westiughouso Elootrio & Mfg. Co., gave a talk on the choice 
of positions best adapted to the characteristics of individuals. 
Talks were also givon by Mr. McLaren and Mr. Morgan 
of the same company on production and sales methods re¬ 
spectively. Doan 0. J. Ferguson,gavo a short talk to stim¬ 
ulate interest in Student enrolment. Prof. F. W. Norris, 
Couselor, annouuoGd that fcho District Conference on Stu- 
dent Aotivitios will bo hold In Lincoln this year, probably 
* early in March. November 23. Attendance 89» • . : 

University of IVevadn 

Transformers, by W. C. Smith, Salc3 Engineer, General Electric 
Co., San Francisco, Illustrated. December 7. Atten¬ 
dance 41. " " 

Newark College of Endincerini 
Schcofev Pvone Pressure Method of Pesuscilcitiou , by Mr. 
Alexander, Public Sorvico Electric & Gas Co. Motion 
picture, entitled (4 Modorn Miraole/ 1 was shown. December 
18, Attendance 32. ’ % 

University of Now Hampshire " 

Television, by St. Clair, and 

High-Speed Circuit Breakers, by C. E. ^urscliman. November* 
16. Attentlanee 38. 

Constant Current Transformers, by G, Pi Baleli; D, Williams; 
Temperature Control by the Ppromeier^Polentiomcter Method , by 
WWttcinj F.E, Bcede, aud 

Baum Principle, of Transmission, by R. B. Wilson; L. E. Boodey. 
Jlovembor 23. Attendance 37. 

The Development of the Radio Circuit, by P. Zottu; F. Drew; and 
Refrigeration, by H; B. Rose; R, W. Folsom, November 30. 
Attendance 3^. 

Film, entitled “Nature's Frozen Credits,” was shown, January 
9* i Attendance 39, 

• College of the City of New York 

Inspection trip through the radio receiver factory of the Freed- 
rEisehnann Corporation. December, 15, Attendance 9. 
Conowingo Hydroelectric Devclopmenti by A. Northrop, Stone 
& Webster Co, Illustrated with slides and three reels of 
liidtion pictures, entitled “Conowingo.* * Joint meeting wrwi 
A. S. C. E. andA. S. M. E. December 22. Attendance72. 

University of Notrc Dame 

Condensers in Radio.Circuits, by G, P. Kennedy, and , . 

Development. and Manufacture of Lubricating Oils, by G ,\ (h ; 
Kustner, Standard Oil Co. of Indiana, Illustrated with 
: > three reels of motion pictures^ Refreshments served after 
the meeting. December 12, Attendance 101. 

'Ohio .University wL;'- [' ; 

h: Problem of, the Plant Manager, by Mr. Badger, Plant. Manager 
•, „ of the Floodwood Station, South-Eastern Ohio, Power Co. 
December 7. Attendance 26. * A 
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. December 7. Attendance 40. Ohio State,University -“AlA '■ 

fhe Studmls Reaardina Their Future Motion picture on 'X 8 ? 8 ; 

ipt, of the Operating ^ower.Account- December^. Attendance 30, , ,* 

o. Edison Electric Illuminating Com- Television, by*R,. A. Dollar, Bell Telephone Laboratories, Ino, 

tion picture, entitled “More Pbwer to Prof. F. C, Caldwell, Counselor, gave a brief history of the 

A froo supper preceded tho talk. .: aotivlties of tho Braneh throu^out the twmitj-flve yeajrs ;; . ■, 


pauWOx J5OS10U, ivrouoii PLCVure. t3uuweu v Avxuru jruwtir iu srivi, -xv. v, v^thiu^vuii, ^uuubojul, tv ynov j 

You,” was ahowii. A freo supper preceded the talk, activities of the Braneh throughout the twenty-five yws 

Decomber 16. Attendance 250. ' # since its organization. December 15. Attendance 65. \ 
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Pennsylvania State College ’ 

Industrial Considerations, by F. C. Cramer, student; 

Electrical Development) by V* C. Kauffman, and A 
Mechanical Developments , by Prof. C. L. Allen, Dept, of Meoli, 

Engg, Prof. Allen also gave a report on the recent Power 

Show liold in New York City. December 14. Atten- 
. danco 48. 

* University of Pennsylvania 

Business Meeting. October 7. Attendance 53. 

Construction and Care ofnEleclrical Instruments, by L. C. Corley, 
.Westoii Electrical Instrument Corp. Illustrated with 
slides. Decembers. Attendance 19. ? 

University of Pittsburgh 

Proposed Government Control and Investigation of Public Utilities , 
by M. R. Scharff, Chief Engr., Byllesby Engineering and 
Management Corp. Decomber 1. Attendance 33. 

Copper Oxide Rectifiers , by P. R. Fisher, student, and 
Ventilation of Holland Tunnels . by P, E. Lagatolla, student. 

December 9. Attendance 45. ' 

Architecture of India , by M. R. Malhotra, student. Slides. 
December 16. Attendance 32. 

Princeton University 
Television, by W- Wilson, Secretary, and 

Mercury J3 oilers and Turbines , by W. Bakins, student. The 
fol lowing new developments were described by 1 rot. C. ti* 
Willis: now typo commutator; mercury arc rectifier; and tiie 

* vitftphone. December 8. Attendance 6. 

Rensselaer Polytechnic Institute 
RictA-Kdloan Exponential Loud Speakers, toy Dr. E. W. Kellogg, 
Research Laboratories, General Electric Co., and 
Selenium Cell Application lo Television, toy Dr. E. W. Kellogg. 
December 18. Attendance 255. 

. Rose Polytechnic Institute 

Transformers, by Roy Reece, student. Illustrated. January 
: 'll; -Attendance 41* 

\ ; 4 •, Rutiers University 

Motion picture on the manufacture of insulation was shown. 
Docomber 12. Attendance 22. 

* University of South Dakota 

Electrification of Railroads, by Mr. Hayward. December 7. 

Attendance 7. 


University of Southern California 

The Repair-Ship 11 Medusa,” United States Navy, by Prof. Eyre: 
November 2. Attendance 40. , 

Power Salesmanship , by Mr. Cockfield, Bureau of Power & Light 
of the City of Los Angeles. November 9. Attendance 34. 

Business Meeting. The’chairman appointed a committee to 
work on attendance and membership. December 14, 
Attendance 25. 

Swprthmore College 

The Engineer a?id Manufacturing Costs, bj ? J, E. Hires, Hires? 
Castner and Harris, Inc. December 15. Attendance 22.- 

^ Texas A. & M. Collado . 

Some Simplified Methods for Solving 'for Transieiilf in A-C> • 
Circuits, by Prof. N. F. Rode. January O. Attendance 85. 

Unfverslty of Texas 

A motion picture of the Boll Telephone Laboratories an9. the 
Western Electric Company, showing the history and de¬ 
velopment of the telephone and telephone equipment, was 
shown. December 7, Attendance 12. * \ 

Virginia Polytechnic Institute 

Organization and Functions of Oar Local Branch, by [[Prof. < 
Claudius Lee, Counselor. The following officers were 
elected: Chairman, M. B. Cogbill; Secretary-Treasurer, 
A. G. Collins. October 26. Attendance 31. 

• < 

State Colled^ of Washington * 

The American Radio Relay League , by D. H, Sloan, student. 
December 1. Attendance 33. 

* 

Washington University 

Storage Batteries in the Bell Telephone System , by^A. Po^orelsld, 
student. December 15. Attendance 35. * » 

University of Washington « 

The Development of Low Starting Current Induclwn Mold's, by 
Carl Bernhard, student. Illustrated. Discussion of plans 
for the Open House. December 9. Attendance 24. 

Generators and Substations, by J. C. MeDoupU. Sales Engineer, 
Westinghousa Electric & Mfg. Co., Seattle. January 6. 
Attendance 31. 

University of Wisconsin * 

Acoustics, by R. Norris, Burgess Laboratories Accompanied 
by demonstration. December 14. Attendance 81. 
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jE^tul sewage, clay products, coal and colco, and glass are equally 
g interesting to engineers and manufacturers. 

.'./•Essentials or Transformer Practise. 

By Emerson Cl. Rood. 2nd edition. N. Y. t p. Van Nostrand 
Co., 1027. 401 pp., ilhis., diagrs., 9 by 6 in., cloth. $5.00, 

In proparing this book, much of which originally appeared in 
tho Electric Journal the author has maintained a practical 
onginooring point of view. Theory is discussed, so far as it boars 
directly on design and operation, the problems and methods of 
design are sot forth, and questions of op 6 ration are treated. The 
new edition has been corrected and a largo amount of new 
'matter added. 

Industrial, Art and thu Museum. , 

By Charge R. Richards. N. Y., Macmillan Co., 1927. 
102 pp., Ulus., 9 b£ Gin., cloth. $1.50. 
i In this volume Professor Richards Supplements Ms study of 
* industrial museums by one upon museums of industrial art. 
ffho .first half of tho book gives an account of the beginnings of 
suoh museums, with accounts of the development and present 
status t>? tho principal ones in Germany, Prance and England. 
A chapter is then given to tho plaee occupied by industrial art 
► in tho museum system of this country. Short descriptions of 
museums in tho othor European countries are then gLven, 

* followed by a chapter upon several important special museums, 
Pj¥>p AG ation OF EruaaTiuo Currentb in TDi/mrnoND AND 

• TimnanAnn Conductors. • 

« »• By X A. Fleming. 4th edition. N. Y., D, Van Nostrand Co. 

■ *1927. 422 pp., ilLufi., diagrs., tables, 9 by 0 in., cloth. $8.00, 

This troatiao originated in courses of.posfc-graduato lectures to 
practical tolograph and telophono engineers, given at the Uni¬ 
versity of London, It aims to present an acoount of our knowl¬ 


edge of the phenomena connected with tho propagation of 
electric currents in telephone and telegraph conductors, which 
will enable tho engineer to follow tho writings of investigators 
and to solve practical problems as they arise. This edition has 
been revised, and a new chapter added which'treats of jecent 
advances in this held. 

Structural Engtn Bering; Stresses, Graphical Statics and 
Masonry, 

By George Fillmore Swain. N. Y., McGraw-Hill Book Co., 
1927, 525 pp., diagrs., tables, 9 by 6 in.,'cloth. $5,00. 

In this volume, the third of tho worY, Dr. Swain treats of the 
theory of statically determined framed structures, and the theory 
and design of lhasonary structures, , 

Both analytical and graphical methods for treating framed 
structures are given, together with a comprehensive presenta¬ 
tion of the subject of graphical statics. In the treatment or 
masonry i 
methods _ 
earth pressure. 

Dbh Betonstrassenbau. 

By W. Petry. Bor. u. Lpz,, Walter de Gruyter & Co., 1927. 
112 pp M illus., 6 by 4 in., cloth. 1,50 r. m. 

Up to 1914 Germany had built about 300,000 sq. mi. of con¬ 
crete roads. Their construction then ceased for ten years, but 
now lias been resumed upon a large scale, 260,000 sq. m. having 
been built in 1926 alone. The present book first reviews briefly 
the history of concrete road building in Germany prior to 1920. 
A concise survey of construction in North America is then given, 
after whioli the general principles for the construction and 
maintenance of modem ooncrete roads are given and illustrated 
bv a series of German examples. A tabulation of data on 
German road-building in 1925 and 1926 is included. 


tne sueject or grapmcai -lh . 

r structures the fundamental principles are given and the 
i of applying them shown, together with the theory or 
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theoretical lines in communication or 
“■ large company. Considerable 
_, some 'experience in manu- 

allied products whore opportunity exists for faoturo of apparatus. Location pre- 

MENAVAILAIU.B ^ ^ ^REGENT OBADtATE,’ 24, married. Has 

f it<vV4^;.iv m-LicoTRXOAL KNOINB15R, 30, married, ASSmiANT TO KX oniriTieer’ two liad experience in sabatation operation and main- 

i R 1926, Eight years’ electrical man* tohance. One season ^ concrete Inspector. Jwo 

Wears in supervisory capacity in faoturer two y^r? assistant job engineer. Urn 

distribution bnglneorlngj ono year in P rodl b oL1 _^ : 
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B-73IB,; '' 1! - 


flrm seasons a? railway instrumentman. In lattori ; 


Ohio 


* 


: P 

l fa 




4 ♦ 








tf* v.> * / n * t 




fWl^^ 


Fob. 1028 


INSTITUTE AND RELATED ACTIVITIES 






Uosivoa position, division or local manager xviiero GRADUATE ELEOTRIOAL ENGINEER, ability. New York preferred, other locations 
ruml development Is contemplated.' Five years' 29, single, seven years' experience; A-l designer considered, B-7315. 

* axporlonco, local nmuagor properties; 22 years, and writer of speducations for electrical and GRADUATE ELECTRICAL ENGINEER, 
total oloctrlc utility experience, construction, mechanical equipment, installation in office married. Wishes to obtain position in educational 
op oration, maintenance, morcbandislng. IVIini- buildings, schools, theaters and hospitals. Com- work in electrical engineering. Practical ox- 
mum salary $3300, Location preferred, ISast, petaut layout man for heating systems, expc- porlonco Includes electrical testing and measure- 
MUkllowoat, Southwest, *0-3900. rionced in supervision of electrical and mechanical monts, power distribution and distribution 

RADIO.ENGINEER, 28, single, Five years' installations. Desires permanent position, Now system maintenance, patont practise in United 
oxporloncd In fchreo of Now York's leading broad- York City. C-2208. States and foreign countries IU acoustics, radio 

casting stations as oxccutiVo. Thoroughly edu- JUNIOR SALES 


oxporionco m curco oi xsow varie s leaning t>roaci- yorauity. C- 220 S. atucos anu luroigu uoumnes m uwiwww, 

casting stations as oxccutiVo. Thoroughly edu- JUNIOR SALES ENGINEER, 22,* single, and'allied branches of electrical engineering, sora^ 
catod. Ilavo operator's liuenso. Will go any- Cornell graduate, E. E. '27, clean-cut, aggressive teaching oxporionco. B-9G39. 
whore. 0-1108, type. ^Interested in motors or fans and blowers. OPERATING ENGINEER. Operation, main- 

SALES ENGINEER, 33, singlo, graduate Willing to enter training course. Has had selling tcnance, construction hydroelectric plants, sub- 
mooliuutcal. radio and business collogo, spoalcing experience. Location, preferably New York stations, transmissitra lines, pmnping plants, ( 
sovcml languages, extensively traveled. Europe territory. 0-3900. machlno. electric and motor %hops, Thktcen years, 

and Oricnt-Mailohurla, India, Egypt, desires - POWER PLANT ECONOMY ENGINEER, Navy olcctriclan, four years; steam, olectflc 
traveling or commercial or technical work where A. S.M.E.andA. I.E. E.,20, single. Two years engineer, two years. International Correspon- 
hla experiences uvo valuable. Location preferred, of general shop work, such as foundry, machino donco School. Navy Electrical School, imlvor- 
Par East or anywhere. 0-3017, shop, forging and heat treatment, etc. Two years sity of Wisconsin, extension department, matne* 

DISTRIBUTION ENGINEER, 30, married, of general powor plant experience, such as matics. Alexander Hamilton, modern business, 
prominent Eastern public utility, creditablo assembly, and .testing of steam and oil engines, Prefer western location. Salary according to 
record fcwonty-two years' responsible experience, turbines, their operation and maintenance, sub- rT?FU 0 , stnele 1927 ' 

now froo to form now connection as engineor- station operation, etc. Location, California or k^TRIOA^^^ 

executive), as personal assistant to outstanding auywhore. C-3978. graduate, B. &. degree In E. E., ^ ^ 

. .. _.. .._,1- a _ j _ wr at. Swiss nosltion with nubile utiluy or manufacturing 


rospuusiuiuues. ^0000. 

ELECTRICAL ENGINEER, 24, single. 1927 
graduate, 33. &. degree In E. E., desires permanent ^ 

__ui. .iilllti, nr* l'rianiifimMirinff 


exccutlvo, as personal assistant to outstanding anywnore, u-3978. ^Tr 1 « «r,H 1 .* 

executive or similar capacity; one.gollo, American. ELECTRICAL ENGINEER, 20, single, Swiss, position with P « " W 

Location proron-od, Contra! Atlantic or Midwest graduate Eidg. Toohnische Hochsolnde, Zuovioli. company dealing "^cation Chi- 
_ n tt r, i ■ r-i n non i ty i,nn» otneinni noni’oo oTitmtni st.uriv fn steel flvo years practical experience. Location, urn 


Location prororrod, Oontral Atlantic or Midwest graduate Eidg. Tocimiscue uocusemuo, awm. : T‘r^Hnn chi 

States; nofcoutsldoof U. S,A, 0.3003. IK year student course, special study in steel five years’ practical experience. Location. Chi- . 

DISTRIBUTION AND TRANSMISSION construction, handling of material. Location, caga C-m7^738 2 , |o 0 pportunl i y ' • * 

ENGINEER. Seven years' oxporlonco wltli two g SmKTATE 23 single six for advancement desired by olectrlcal-mechanlcaf 

largo public Utility companies, doslros to malm a RECENT GRADUATE. 23, single, a _ „ radllflt0 Has liad varied oxporionco; surveying, 
now connection with a public Utility, proforably months of railway signal work, consisting of 8 ™duato. switchboard construction. 

1,1 mld-wostom states. Broad experience In both remodeling Interlocking plant* Bomo pole ^lne b ^ 

overhead and underground distribution and construction and MUtapo^utamatic^ cr ” s - equipment a,d wiring 

transmission, Including small substation design, tags. Two years sellingtechtacaI books blUldI “ g s. Location, anywhoro in United Slates. 

A., imiLilmr scheduling budgeting otc. B-9364. college book store. Location Immaterial. U-3BB1. “ lul ning<.. -> „ 

ELKOTRTOAL ENGINEER. 30, married. ELECTRICAL 20 j 1 ° ELECTRICAL ENGINEER, graduate ta 

Graduate K. E. Gonornl Klootrto Tost IK years; mill construction and maintenance, two yea E {5 yearg . oxporionco. G. E. Test, anthra- 

olootrlclan and foreman on Industrial maintenance masterT^t QuaUfled! die raal fields, large Now York State power - 
and construction 2 K years; 8 K yoars generating company, testing maintenance. Inspection, elec- 

and substation construction, with como experience Junior Power “ c g pt teUgt l^. trlcal drafting and construction of power-houses, 

on station opo;atlon, distribution, rate* and substations and transmission lines. Some steel 

services. Location proforred, United States, ‘'“g^^J^ETEOTRIOALENGINKER, mill experience. (MOM. p voineeR 

°Si, D s»«, „«y- y, xa 

Twolvo years'oxporionco ta soiling and servicing J * 1 ™ 6 p °Xic utiUty opofatlng^n experience with WosUngliouse. also Westlnghouse 

Of tcolinlcal apparatus to Contra! Station and department of a a go* pu F [1( , n ln graduate student course. Desires permanent 

Industrial syndicates In Pennsylvania, Ohio, the viohdty of New York City. ^ osltlon wlth olthor a pubU c utility or industrial 

W Va anti Wostorn Now York. Graduate Elec- genoral. broad but speclaltai g S' P ( con 0 orn. Location, Immaterial. C-3901-81-C-1. 

SS 3 N ENGINEER, graduate. 23, 

“SSSrwSE&au* OR Assiaa’ANT, SSSSof SSlS 

'ZLS 0, systems, Spooks 

COlRrnt^BtallOil operation and elevator manu- TnGINEER, ‘ 44. married, Spanish; knows -Uve labor. ^Location, any- 

fuoturo. Thoroughly Informed thoorotwx Protestant, seeks responsible position where 24 wh ®™gQ^ R jQ^ a ENGINEER. 34, single, de- a 

practically. Elementary S PJ n,sl ' Uo „ years' experience In the industry would appeal. ELECT position with engineering 

Ifronoh. South An,erica or othot fo.olgn locatlo ycarg wtth Westinghouse aud Orocker- grj g. E. Dosta JJj* 

proforred. 0-3085. -Teclmlcal Wheeler. Departmental manager for five years, co , 0 ^ 10 rlcnce, eovorlng engl- 

SALES ENGINEER, 31, married. Truncal experience design of a-c. and d-c. d ^“ IXalnatlon of power plants, sub- 

, graduate P. M. K. w*th an a^ltto. y” machinery; latterly considerable sal«M experience. j transmission and distribution Unes. 

Com,noreo collogo. prhtelpal subjects in ma.keting bvoad ouUoo)f on problems of the stations, . 

Group, JSxporlonco; one ycai osti industry. 0-30. pp imiATE ELECTRICAL * ENGINEER 

electrical contractor and tw0 7 , m !! 1 °nrcforred, ELEOTRIOAL AND MECHANICAL ®N- w| ® B s ' ev0I1 yoars . experience ns superintendent of 

for automobllo company. Local P GINEER, graduate, 81, married, 9 y . lvdroe | L .m, r [ (: , rotary converter, and mill electrical 

Mid tllo West. B-0806. _ married exporionco including shop, experimental doYotop- ^ ‘t. Installations, operation and matate- , 

ELEOTRIOAL ENGINEER, 30. ““ mgnt field servico, electrical and mechanical fi P o orgttnll 0 r, experienced In handling 

Grndimto IK years G.E, Tost; 8 yoars BUb ttt^ deg(gn app)ioatlon , reports, sales-engtacertag, ^ ' oJlros poXlon with largo manufacturing 

maintenance and construction, f w" d t coord matton Ideas, efforts of others. concern or public udlity as electrical superinten- 

autoinatlo substations; 8 K years automatic substations, heavy tracttan Eugl conce ^ manager, or ta engineering 

substation and 'll. T. underground <=» ns ^°'°“ neorblg executive or engineering assEtant to dent opportunity for advancemenv 

and maintenance. Location preferred, West or n^j^ mulrta g a nalytlcal SStlve linos. (MO 13. 

Middle West. O-308C. ai„ ont v iudgmont. Oonsolentlous, hard worker capable a K q ENO i N eER. 20 years eX 

ELEOTRIOAL ENGINEER, 40 ^S responsibility. 0-3913. mlind p 6 S Graduate. 30. Specialist electrical 

veara* cxTidrlonco la public utility an . . POWER PLANT ENGINEER, earning a „n,,iirutions Experienced construction, insta 

trial engineering* Dofllros rcsponsihlo ros $12,000 annually past few years, will i afc ion. Just completing installation l2 ’^ 

with utility or large Industrial company havi B Q t0 $25 000 with services If conservative ora la QOO kw , in turbo^onoratom and 

aat-vx^issisr-r- »KSsrix. B o?SvK.« —j 
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GJCQCUtiVQ. Also con- 
distribution, power ancl 
Location, Immaterial, 


utilities. Five years 
aldemblo experience. in 
industrial engineering. 

0-4017; 

JDJjEOTRIOAL ENGINEER, American born, 
Christian. 42. Broacl experience In design, 


wlusro Initiative, application analytical ability operating in sub-stations and power stations 
will insure* posslbllltlos for dovclopuiont and More recent experience in toxtilo mills, as assistant 
advancement. Location, oast or mlddlpwest. to mechanical supcHntondont covering layouts 
0-4018. for ’ now ’ wor h; ancl changes,* including blowei 

ELECTRICAL ENGINEER. A. I. E. 33. and systems, lighting, powor, heating and ventilating 
Christian, 42. Broad experience in design. A. S. M. E.. 30. single. 18 years’ oxporionco, and BeneraLminTWtatol 

i=i=^ phhp mmm 

'TS&A&SSS.SSXi Si - 

S»iln awst sales oxporlonco,!backed by fflvo year factory and Location,immatoiial. J3-087J. 

ml’n IT NIC A L GRADUATE, Bliss Eloctrical flbld sorvico with •\Vostingliouso. Technical ENGINEER, A. S. M. IC. and A. I. E. E., 32 , 
„ . , . ,- Evnnrloneed ill motor testing graduate. Desires sales position where engineering married, engineering graduate. Planning, 

hdUl°s\nglo^atwl no^pl»^o; C Also Sporlonco 1 in, experience will bo helpful. Location, vicinity of . sc ucduiing, estimating, budgetary, rate study, 
slteid mU^oloch'ical^onstructiori and rwvlntoiutnco. Now York City. 0-3000. Some operating and design Xbfe 

T/innt^n ittukiflificlni 11-7*101 ELECTRICAL ENGINEER, 30, graduate, utility and four years Industiial, available a 

# DRAFTSMAN, 20, married. Graduate engi- fjiugie, wishes employment with a public utility assistant or department head. Now w U aigo 
noor, throo years' drafting experience on municipal, or engineering company In Canada. Broad and utility, B-0G70. „^ TartlT5TTnr7 , TA . T nT? 

hyrh’OoUwUdc and copper smoltor projects ftiul thorough oxporionco in tho dpslgih construction, ELECTRICAL CONSTRUCTION u 




mu 


WCSt. 0-4016. , , 

CONST RUCTION FOREMAN* 34, married. 
, Fifteen years’ contrhl station oxporionco, including 
undot'g round high tension, cablo installation a. 




and ad mini strati VO experience unci amury. m Sixteen years as cuvjsioi. -- 

piwmfc employed as division engineer with largo intondont of railways, power plants and sub- 
Amor lean utility. 0-001. stations. Four and one-half years foreign con- 

VALUATION ENGINEER, 29, with executive struction sorvico. Adaptable and diplomat o. 
umlorground jugu tension ewuiu ability to assume responsibility. Electrical Bn- Spanish spoken, Location pro errec, a os 

4 technical high school graduato, two years night gi lloor i ng graduate; 3 yoiys in charge of ap- Latin America. 0-886, 

&ngineorhig. A limn who roally understands his p ^ work on nvm0 roua largo industrial con- ENGINEER, toclmical graduate, 34, slnglo, 
work and can super vise high class installations. CGt . ns; ox p 0 rlonco in equipment installation, tGll yG ars* experience; testing, writing speciflca- 
B-8839. building construction *cost analysis, engineering tions, designing, development and executive yorlc. 

GRADUATE ELECTRICAL ENGINEER, 1<oports anfl ostium ting. Location prof-erred, would like development work in vicinity ot 
28, single ■•'' 4 ^ years’ varied experience with two p ac ;f| C o 0 ast States. 0-1030. Now York .CJity, whorjp now ideas would be 4 or 

largo public utility companies. Familiar wRli GRADUATE ELECTRICAL ENGINEER value. B-G070. 

tfVerhoad distribution as to layout, maintenance, ■ ositlon an industrial firm or public ASSISTANT TO OPERATING SUPBR- 
opotation and constuueilon. Some oxporionco Two yeJW . Wostinghouse test course, i n T END ENT, oleo trie utility.; or traction com- 

wltti gas distribution. familiar with ralos. years* distribution experience. Thrco years pa ny, 28, married, electrical-graduate Worcester 

* Havo dono sonn research and statistical work, as distant to electrical onglncor of an industrial Polytechnic Institute. 15 months Wostinghouse 
Frcfor position as executive’s assistant. comn€L nv Five years’ experience on design.and C0U rsa railway and; power work in shops* office 

prororred, United States. Good references. 0-4027. e nstruGt io n , of substation and power plants. an d field; 2 # years on new electrification, 
ELECTRICAL ENGINEER, 24, married, g Olovoland, Ohio. 16 months appraisal onginoor 

graduate, transformer design, construction ox- •_ ■■ lpK . ANOB : engiNEER, technical on distribution, transndsslon and railway, Ton- 

pbrloncos" one year purchasing department ENGiNllu, ^ q n0SSC6t ■. .p ol * m a n oni,p 0 3 ition with future, -Avail- 

.. aWolo^atoiy.- 0-3007... 

Of automatic welding maclihios, doslros position co^cis installat-0 P ........ ti'Oi'ijirili ill 111,1 »IW i i in inmn* 

: minmmiHiHi+iiiiinrtiimunnu'wiiiiw’ii ... kiiMiLMiiiiDMiiiiiHiniiiiiifi'MM , 
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S WILLIAM, Deputy EIook 
tribal E ng inoor, FT oad p filce, B r 1 tislv lEriginq^ 
t lootrical In^hranco Oo.V^Ltd., 

« «l jSJ fi Alnnnli Aflt.nr. 13 UK 


West Lynn; for matl, Bast Lynn, Mass. 
13INNIE, WILLIAM OOLE, Ohlof Electrician, 
Consolidated. Mining ^ ^melting ,,Co., 
Sullivan Concentrator, Chapman Camp, 
B, O., ban, ■ ■ r':.,;'.-. ■ •' ; ■ . ' ■■ . 


.. ........... ... 

Electrical 
Wire- Co., 

_ ( _ b{ 3 TERLING. Thoat- 

rloal Electrician, Brooklyn Little Theatre, 
122 9 t, Felix St., Brooklyn, N. Y. , 

^OARLSDN, : a. PAUL, Tolophono Equipment 
Devolppmoiit,. Bell Telephone Lab oratorios, 
Inc!, 403 West SW, Now York, : N. Y,! for 
mall, Englowood, N,. J. . . 

OARNEG'IE, ANDREW, Supt. of Power, 
■ Fariksyivanla-Ohlo Foiyqr & Light Ob., 
Ybungstowpi, Ohio. 


x oung9wwu,:vmu, *■ ., 

CARRION, RICARDO ENRIQUE. Traveling 
Electrician, National Railways of Moxtco, 

Li au rlrv nh tbi v: Elect i : - y Tel eg., ■. ; :l 
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ostor Gas & Electric Ooi'p., 86 Andrews St,, HAGENGtJTH, JULIUS H., Student Engineer, 

Rochester, Y, TmnHfrtrTYiftr Enimr D«r\t. OatiaVaI P.lwif.ptn 


Transformer Engg. Dept., General Electric 
Co., Pittsfield, Mass. 


CONNOR, JOHN FRANCIS, Motor Testing, uo„ .rittsueia, Mass. 

Wostluglumso.Elec. &Mfg, Go., East Spring- HALSTEAD, G, W„ Jr„ Student Engineer, 
Bold* Mass, General Electric Co., Schenectady, N Y. 

OONRAD, RALPH WILLIAM, Tester, Westing- *HAMPE, GEORGE WILLIAM, Testing Dopt., 
hguso Elec, & Mfg* Oo„ East Springfield; Commonwealth Edison Co., 28 Wacker Drive, 
' for mall, Springfield, Mass. Chicago, Ill. 

OOOIC, AVALLAOE L„ President, Reliable HART, EUGENE A„ Sales Engineer, Pacific 
Electric Oo„ 3145 Carroll Avo., Chicago, Ill. States Electric Co., 386 E. 2nd 3t., Los 

COOLEY, OH ARLES R- Chief Electrician, Angeles, Oalif. 

'Vulcanite ^Portland Cement Oo. r Easton, Pa. +HARTMAN, FRANK CHARLES, Test Work 

MAT?"nrV XAATli’a T 1 rpnof/vi. Tnafnlln+.fatt firm on nl Till on bn I ft Hrt 10S TMfifr.fc mnnrnnn 


DENARUO, JAMES D., Tester, Installation 
Dept., Western Electric Co,, Inc.; 1060 
Broad St., NTowark, N. J. 

DEItrESIENS3CJC, ALBERT S., Tester, Westing- 
house Elce. & Mfg. Oo. r East Springfield; 
for n\all, Wllllmansett, Mass. 
DOMEN55AHST, SALVADOR F., Electrical En- 
Klnoor, Distribution Dept., Mexican Light 


General Electric Co., 103 Nott Terrace, 
Schenectady, N. Y. . 1 

HEATHOOTE, HERBERT PRAY, Motor 
, /Roster, Westinghouse Elec. <fc Mfg. Oo., 
Pago Blvd., Springfield, Mass. 

HERRICK, WILLIAM JAMES, Motor Tester, 
Westinghouse Elec. & Mfg. Co., Springfield, 
Mass. 


Hmuuh JUJtauiuuuuii ascjju,, j.iu.t7Ai\,cvi4 .-..t,..v 

IJffc Sc Power Oo,, Ganta No, 20, Mexico, D. F., ♦HESSE, ALEXANDER NEDELKOVIOH, 

k _ \ -rti_._ j i i ^ , xt _-ir_ 


Hex. 


Engineering Assistant, Now York Edison Oo., 
327 Rider Avo,, Bronx; for mail, Jamaica, 
N.Y. 

HOOHMILLER, CARL, Electrical Designer, 
Stone & Webster, Inc., 40 Federal St., 
Boston; res., Cambridge, Mass. 

HOWE, K, L„ Electrical Engineer, Westing- 
house Elec. & Mfg. Co., S00 Lloyd Bldg., 
Scattlo, Wash. ■ 

JOHNSON. HARRY RICHARD, Works & 
Road Engineer, Member of Firm, Schneider 
Electrical Works, 1108 Farnam Sfc„ Omaha, 
Nebr. 

♦JOHNSON, J, KELLY, Instructor in Electrical 
Engineering, Columbia University. Now 
York, N.Y 


DONKIN, BY It AN, Student Engineer, General 
Electric Qo.; for mail, International General 
Electric Oo., Schenectady, N, Y, 

DU FAULT, JOHN ALEXANDER, Appraisal 
Engincor, Tennessee Utilities Commission, 

727 Power Bldg., Chattanooga, Tonn. 

DURGIN, , RALPH, Asst. Engineer, Gonoral 
Electric Oo., 42 Centro St„ West Lynn; for 
’ mall, Lynn, Mass, 

EAMES, ItAKOLD F„ Small Motor Tester, 

Wostingliouso Elec. & Mfg. Oo,, Page Blvd., 

Spilngficlcl, Mass. 

EATON, TBHVIPLE OSMAN, Testing Dept., 

% Gonoral HHectric Go., 1 Rivor Road, Sclienec- 

BIDBm/ N BARL LOROIC. Designer, Public KENNEDY LP.. Satesman Qoneral Blectrio 
SorvJco Oo. of Northern Illinois, 72 W. Adams Co.. 1B14 Oliver Bldg., Pittsburgh. Pa. 

- 96 *Ohica«o Ill. KENNY, BRIAN M„ Asst, to Supt.. Scarboro 

♦ELLIOTT, DOUGLAS A„ Studont, Columbia Hydro-Elcctrlc System, Council Obambcrs, 

, Untvorslby, TJow York, N. Y.: for mail, . Bircli Cliff; for mail, Toronto, Ont., Can. 
Orango IN. J. KING, BRUCE L„ Member of Firm, King Bros., 

♦EVJEN HAAKON MUUS, Rosoavoh Assistant, 718 So, Clinton St„ Syracuse, N.Y. 

. Call torn! a> Institute of Tochuology, Pasadena, 

♦FAIRBURN ABRAUAM J. B„ Instructor In KRATZER, JOHN J„ Chief Electrician, Lehigh 
PInSen' W I. Mcchmdcal Engineer. Engg. KRIEG, HAROLD .(M Motor.Corw 

Dopt., Wostlnghonsc Elcc: & Mfg. Co., 

-r&Srss?' ?ssi%$ Tsrss 

High Sb., Nowarlc, N, J. t AxrnmTTTr "PAUL O Design Engineer, 

FORTIER, RALPH LAWRENCE WcmiP- Co! East Pitts! 

mont Designer, Woslinghouso Elect & Mfg. wilktasbSg Pa. 

Co. 1 , East Sprlngdold; for mail, Springfield, LAMGC ® K p alfoNSO M„ Design Engincor, 
HftBS. v. ;‘Ob.*' 43'&. oth. -Mtts- 

+FULLER, s MELVILLE WHITAKER, Junior bui . g { 1| p a .. 

Engineer, Victor Talking Machine Co„ ^^jg^uRGER, FRANKLIN J., Apprentice 
Onmdon, N. J. ; foi' mail, Mb, Airy, Phila- Engineer, Dxiduosno Light Co., 436 6feh Avo., 

dolphia, Da. Pittsburgh, Pa. # J. 

GARTmJS, IRA BENJAMIN, Office Engineer,, LI0HTf HENRY M., Service Manager, WlUlams 
Nor thorn States Powor Co„ 16 So, 6th St., Hardware Oo„ 9 treator,IU. _ .. . 

Minneapolis,Minn. LINDSAY, RICHARD W., Engineer^Methods 

Gnnr n HOWARD PARKER, small Motors & Materials, Mountain States Tel. « 

a9P *M & Mfe; Oo„ O 0 ..^ Ad^^ionB^Dan^pcto. 
Paao Blvd., Springfield, Mass. +LIS9MAN, MAROE . • . 1010 

CRIBBLE, ARTHUR JAMES - To /‘ n f n Oalif. " : 

Gonoral Kloptrip po.; for mail, IntwjhatiOTial _ _^ E 0 |arLES S,, General Electric Oo, ( 
General Klectric Ob„ Schenectady, N, Y,. Ni Y. • ^^ ^ 

GRUMRLYp WILIAM T^er^New^rk BATHOLOMEW _ GEORGE, 

iCdi90ft «Oo.,*WrYandam St„ No^ York, Tester; Ne^r York Edison Oo„ 243 A. Reid 
for Dropklya, N, Y, Ave.» Brooklyn, N. Y. . mAnhnlftal 

HAAS ODAHENGE HARVEY, Instruotor +LOWRY, LEWIS *>., Member ot yeWm} 
‘ T A ticmins nlfcv Schools,. 461 ; Boll Tfllenhone Laboratories, OlUtttwa, 



♦MacOARTHY, DONNELL D., Instructor, 
School of Electrical Engineering, Cornell 
University, Franklin HaU, Ithaca, N. Y* 

MAHAL, BASANT SINGH, Asst, Foreman, 

Elec. Dopt., Heavy Repair Workshops, 
Mechanical Transport, Ohaklaia, Rawalpindi, 
India. 

MERRY, ROBERT EDWARD, Student Engi¬ 
neer, Testing Dopt., Gonoral Electric Co., 

1 Schenectady, N. Y.; for mall, Toronto, Ont. 4 
Can. 

MESSIER, WILFRID JOSEPH, Experimental' 
Motor Tester, Westinghouse Elec. & Mfg. 

Co., Page Blvd., East, Springfield: res., 
Holyoke, Mass, * * 

♦METCALF, CHARLES NELSON. Oene«»al 
Tester, Testing Dopt., New York Edison i 
Co., 92 Yandam St., New York; fonmaSL 9 1 
Hartsdale, N. Y. * * 

MEUREN, WALTER HENRY, Rola Co., 498 
Moss Ave., Oakland, Oalif. » » 

MONKHOUSE, WALTER ISAAC. Asa‘t. Elec-, 
trical Engincor. Dopt. of Public Works, i 
Brisbane, Queensland, Australia. f 

♦MOORE, SAMUEL EARLE, Engineer, Rural 
Service Dept., Chester Valley Electric Co., 

268 E. Main St., CoatcsvIHe, Pa. 

♦MURPHY, MARION E„ Junior Engineer, 

Bell Telephone Laboratories, Inc., Chicago,* 

III. 

NEWHOUSE, HOMER EARL, Electrical Engi¬ 
neer, Westinghouse Elec. Sc Mfg. Co., Pago 
Blvd., East Springfield: res., Springfield, 
Mass, • 

♦NEWTON, EDWARD TAYLOR, T<schnic*l 
Dept., American Brass Co., 414 Meadow Sfcf. 
Watorbury^Conn.. ' ♦ 

NICKERSON, OGDEN, Construction DepL* 
General Electric Co;, 230f S. Clark St., * 
Chicago, Hi,: for mail. Now Carlisle, Ind. 
NOYES, JAMES A., Asst. Operator. Turner 
Falls Power Oo., Turner Falla; tm. Spring- 
field, Mass. 

♦NULL, FAY EDISON, Electrical Engineer. 
Western Union Telegraph Go.. 196 Broadway. 
New York. N. Y.; for maU, Leonla, N. J. 
♦O’DWYER, JOHN M„ Student Engineer. 

Southern Sierras Powor Co., Riven4dc. GaUL 
OWEN, ROBERT HANCOCK, Engineer la 
charge KOA, General Electric Oo-, 137Q 
Kramoria St„ Denver, Colo, * 

♦PARSONS, RICHARD B„ Elec. Engg. DepL, , 
Narragansetfc Electric Lighting Co., I^rovi- 
donee, R. I, 

PETTYJOHN, JOHN GOODE, Testing Dept-., 
Gonoral Electric Co., I River Road, Scheucc- 

PO\^i!lioBBRT\mNDBLL,TMUoBl>«*.. » 
General Electric Oo..»l Blvec Ro*dt 8ohenee- 
ta&y, N,Y. ' > ^ 

RBI,, PAUL FKASCra, 8675 RraadW. S«W 
■•vj .York NiYV' - ;; '*• 

RONEY. CLYDE BLL18. SaleS,_Bn«ta*w. | 
Westinghouse EIqc. • & Mf «; 

Kennedy St.. H. E.. MlnoeapoHs. iBnn. 

RUSH, PHILIP ELLAS, Instructor In 
BU “ngtaeerlng. U.Uverslty of 

Thaw Hah, Pittsburgh; for maU, Wilkin*- 

RUs'sOMANDO, ALFONSO 

trie Oo., 308 Summer Avo,, Newark, N. ^4. 
♦SABBAGH, ELIAS MORaHED.Gr«l^ % 
Assistant. Michigan State College. 
XAnsing,Mich. 

SAHGAL, SUKHBASHI R^ 1 -, 

trical Engineer. PubUo Wor** 9«Pfc. Score- 
tarlat. Port, Bombay, India. 

salvatobi. HENRY, ow 2L®L°M phy ^! 
Exploration Party^CSeJsm^aph). Goo 
physical Research Oorp.. 68 Broadway 
New York. N., Y.!for mall. Tulsa. Okla. 
SonABPBB, EDWARD J.. El^trical Engineer. 

- General Electric Co., Fort Wayne, Ind. 
awnOWIOK ATWOOD. FOSTER. Engineer. 
Oentral Hudson Gas Sc Electric Oorp., 
# ^BWad^y* N. ;/ 
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168 ' ; ’ INSTITUTE AND RELATED ACTIVITIES 

SMALL WILLIAM HENRY H., Electrical MEMBERS ELECTED JANUARY 23, 1028 
Tester, Westlnghouso Electric & Mfg, Co., BALL, THOMAS FAUNTLEROY, Vice-Pres- 


East Springfield; for rfiall, Springfield, Mass. 
SMALLEY, MATTHEW F„ Meter Engineer, 
Ohio Power Oo., 600 2nd St., S. E., Canton, 
Ohio. 

SMITH, HARRY BROMILOW, Testing Dopt., 


South Carolina, Columbia, S, O. 
CARPENTER, LOUIS G., Consulting Engineer, 

____ _ _ _ _ _ 702 1st National Bank Bldg., Denver, Colo. 

General Electric Co., Erie; for mall, Lawrence CATE, CARROLL LEE, Consulting Englnoor, 
Park, Erie, Fa. 1111 Beaver Hall Hill, Montreal, P, Q., Can, 

SMITH, * LAWRENCE W., Chief Draftsman, HIND, * BERT S„ Electrical Superintendent, 
English Electric Co. of Canada, St. Oath- Andes Copper Mining Co,, Casilla B, Potter- 
' urines, Out., Can. ilios, via Antofagasta, Chile, So. Am$r. 

♦SMITH, REYNOLDS EUGENE, Asst. Engi- LAWRENCE, JOHN HENRY, Vice-President, 
neor,Public Sorylco Co.*of Northern Illinois, ■ Thomas E. Murray, Inc., 55 Duane St., 

* 1336 Etfisdn Bldg., 72 W. Adams St., Chicago, Nqw Y ork, N. Y. 

♦SOLo'dOPJ\ VASILY JACOB. Estimator, MOHABD8W. HARVEY J ., Tata ifydro-* 
* , Bngg, Dopt., Westchester Lighting Oo„ Electric Power Supply Oo. T 

ip] # First St, & First Ave,, ML Vernon, N. Y. maia, ^ . 

SPANBAUER, RAYMOND J., General Electric SOHAELOHLIN, WALTER, Electrical Engi- 
Oo^ 39 E, Genesee St., Buffalo, N. Y. neer, Control Engg. Dept., Westinghouse 

SPBNOBR, DONALD NIELANDS, General Elec. & Mfg. Oo., East Pittsburgh, Pa. 

Manager, Guatemala Gold Dredging Oo., TREVINO, GUSTAVO L., In charge, Long Lines 
t Morales, Guatemala, 0. A. Dept., Mexican Tel. & Tel. Co., Donato 

• STEVENS, CHARLES VERNON, District Guerra 13, Mexico, D, F„ Mex. 

Sales Manager, Locke Insulator Corp., 

# 1^17 Oliver Bldg., Pittsburgh, Pa, TRANSFERRED TO GRADE OF FELLOW 


TAYLOR, JOHN BYRD, Asst. Power Engineer, 


Appalachian Electric Power Co., Lynchburg, SEARING, EMERY DeFOREST, Advisory 
Va. 


• * Journal A. I. E. E. 

RECOMMENDED FOR TRANSFER 

At*its meeting held January 18,1928, the Board 
idenfc, Rowe, Ball & Sumwalt, Inc.: Head, of Examiners recommended the following members 

Electrical Engineering Dopt., University of for transfer to the grade of membership indicated. 

Any objection to those transfers should 1 1m filed 
at once with the National Secretary. 

TO GRADE OF FELLOW ’ - 

PIE ROE, DANA, President, Undor writers’ Lab¬ 
oratories, Chicago*, Ill. 

TO GRADE OF MEMBER 

ANDERSEN, JOHAN M., President, Albert 
and J. M. Anderson Mfg. Oo,, Boston, Mass. 
BLIBM, HOWARD M„ Associate Elootrical 
Engineer,' U. S. Bureau of Reclamation, 
Denver, Colorado. 

Electric Power Supply Oo., Ltd., Bombay, BOYOE, BENJAMIN K., Chief Engineer. N. Y. 
India Telephone Oo., Albany, N.Y. 

COTTER, WILLIAM F., Radio Engineer, 
American Bosch Magneto Corp,, Springfield, 
Mass. 

DICKINSON, LEONARD P„ Prof, of Electrical 
Engineering, University of Vermont, Burling¬ 
ton, Vt. 

DRAPER, GEORGE W. E„ District Switch¬ 
board Specialist, General Electric Oo., New 
York, N. Y. 

EDGAR, HARRY T., Division Manager, Stone 
& Webster, Inc., Boston, Mass. 



JANUARY 23, 1928 


mm. 


mmp 


♦TIPTON, EARL WALTER, Electrical Engineer, 
Transformer Engg, 


Portland, Oregon, 

Dept., Westlnghouso g IM ONS, DONALD Development Engineer, 

Elec. & Mfg. Co., Sharon, Pa. Standard Underground Cable Oo., Pitts- 

♦TOWNBR, ORRIN WILSON, Radio Apparatus b urB h Pa 
Development Dept., 311-B, Bell Telephone 

• Laboratories, 403 West St., Now York, N. Y. TRANSFERRED TO GRADE OF MEMBER 


Engineer, Portland lElecfcric Power Co., HORACE H., Secretary in charge of 


TUOK, HARRY PUAYFORD, Westlnghouso 
TQec. Co., East Pittsburgh, Pa, 

VON AHN, AUOLPH J., Superintendent, Enter¬ 
prise Electric Works, 054 Mission St„ San 
Francisco, Calif. 

WALLIS, CHARLES WILLARD, Student 
Engineer, General Electric Co., Lynn, Mass. 


Research and Investigation for various 
Working Committees of N. E. L, A. and its 
Divisions, Chicago, Ill, , 

GASTONGUAY, EMILE, Manager, Alaska 
Gold Mines Oo M Than**, Alaska. * 

GEORGE, LEROY E„ Distribution Engineer, 
Pliiladolphla Electric Oo„ Philadelphia, Pa. 


JANUARY 33, 1928 

AMY t ERNEST V., Engineer, Radio Corporation HUNTER, THOMAS M„ Engineer dnd Sales 
of America, Now York, N.Y, Manager, American Transformer Oo„ 

COLEMAN, HARRY O,, Manager of Marine Newark, N.J. 

Engineering. Westlnghouso Elec. &Mfg, Oo., KEISER, MORRIS, Electrical-Engineer, L, H» 
Hast Pittsburgh, Pa, Wentz Oil Division, Ponca City, Okla. 

WALLIS, CLIFFORD OREIM, B. W„ E.octrlca. Engineer, Modesto LACERSTROM 

<3eneral Electric Co., River Works, Bldg. Irrigation District, Modesto, Calif. * r '' Genoral ElootUcCo., Scltenec 

86, Lynn, Mass. FRAMPTON, ARTHUR H„ Assistant Electrical TTppTjsfooTT DONALD K.. Electrical Engl- 

WARTH, STANLEY. Dlv Transmission Eng^- Engineer, Hydro Electric Power Comm.. LIP ™° 0h -^ vLl “ont Attorney, 

neer, Southern Bell Tel. & Tel, Co., Jackson. Toronto, Ont. Canada. San Francisco, Cal. 

„„r A T T mmarwinirn HANNON. J. WALTE^Qeneral Supt. of Plant, MAHOOD, EDWIN T., Engineer, Southwestern 

♦WEEDFALL, WILLIAM WALLACE, Carrier tiuHiwi.il R^ll ' fin.. Tndianaoolls. .T)»n.m A i A Ttitr. nA nn t ra none filfv IVf n. 

Systems Engineer, Southwestern Bell Tele- 


Indiana Bell - ' f :M^ono Co., Indianapolis, ^ Boil,Telephone Oo., Kansas City, Mo, 

Ind. : f§j|f MIDGLEY, HARRY, Switchboard Engineer, 

HUND, AUGUST, Electrical Engineer, U. S. . British Thomson Houston Oo., Ltd., London, 


Bureau of Standards, Washington, D. O. 
ICINNARD, ISAAC F,, Electrical Engii^er, 
General Electric Co., West Lynn, Mass, 


phone Co,, 801 Wholesale Merchants Bldg., 

Dallas, Texas, 

♦WENTZ, EDWARD CHARLES, Electrical 
Engineer, Transformer Engg. Dept., Westing- 
house •Elec. & Mfg. Co., East Pittsburgh: 

* fcfr mall, Wilkinsburg, Fa. 

♦WILLIAMS, WILLIAM ROWE, Distribution 
Engineer, Northern States Power Co., 

Minot, No. Dakota. 

♦WIJLSEY, KENNETH CHARLES, Test Engi- 
v. neer, Now York Edison Co., 02 Vandam St,, 

. New York; for mail, Brooklyn, N, Y. 

♦WINTER, FRANCIS. EDWARD, Student MgANGE, WILLIAM N„ President, Inter- 


' • • 



Engineer^ General Electric Co., Schenectady, 
i N.Y, : . r 

WISE, RAYMOND OWEN, Research Assistant, 
Bell telephone Laboratories, Inc., 403 West 
" Now York, N. ,Y, 

WILLARD M m Cadet . Electrical 
Engineer, Northern Indiana Public Service 
, Oo., Hammond, Ind,; for mall, Chicago, 'Dll.: : 
JAMES, Jn., 206 E. 36 th St;, Now York, 


..England. 

O^C, ALFRED W., Assistant Engineer, 
U^l^-Electric Pr. Com., Toronto, Ont„ 

KLINE, O. HOWARD, Assistant Engineer, 0 . b ^tq^ ALBERT LEE, Instructor in Elec- 
General Electric Go., Pittsfield, Mass. trl&l Engineering, Cornell University. Ithaea, 

LARSEN, O. J., Consulting Engineer, Automatic NfY. 

Elec,, Inc., Chicago, III, ROE, FREMONT L„ Phoenix, Arizona. 

MARSHALL, NORMAN, Mfg, and Consulting RUBEL, WALTER G„ Transmission Engineer, 
Engineer, Bridgeport, Conn. Mountain States Tel. & Tol. Oo, ^Denver, 

Colorado. ?j§r 

VANDERSLUIS, WARREN M., Electrical 
Engineer, Chicago Terminal Improvement, 
Illinois Central Railroad, Chicago, Ill, 
YUILL, ALEXANDER O. R„ Consulting Engi¬ 
neer, Vancouver, B. O., Canada. 


Mountain Telephone Oo,, Bristol, Term, 
McOULLOUGH, PHILLIP M., Vice President 
and Ohliof Engineer, Mexican Telephone & 
Telegraph Oo., Mexico, D. F. Mexico. 
NOBLE, PAUL O,, Engineer hi charge D. C. 
Apparatus Depfc., Goneiral Electric Co,, 
Fort Wayne, Indiana, 

OROUTT, GUY H„ Electrical Engineer, 
Michigan Alkali Co;, Wyandotte, Mioh, 

GLENN S., Industrial Engineer, TILLOTSON, a O., Electrical Engineer, United 
■ Kansas City Power & Light Oo., 1330 Grand: ;; : Verde Copper Ob., Olarkdalb; Arizona, 

City, Mpi VANDERVOORT, GERALD A., General Supt„ 
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ASSOCIATES REELECTED 
JANUARY 2,% 1928 

flTAVTkv'TI Tt'lrvnft.lnnl 'RncrJnon.. 
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APPLICATIONS FOR ELECTION 

Applications have been received by. the Secre¬ 
tary from the following candidates for .-election 
to membership in the InstiCuteo, Unless otherwise 
indicated, the applicant has applied Ifor admls- - .y/pl 

slon as an Associate. If tho applicant has applied J 

for direct admission to a gi’kde higher than Abso- ; 

N. B. E, P, Comm., St. John, N. B. Canada, elate, the grade follows ipihiediafcely after the j-r : ‘ ;.=8 
WATER S, j AMES': S., Instructor in Electrical name, Any member objecting to the election ’ * k: 

!e rigineoring t Rice Institute, Houston, Texas, of any of^these candidates, should so in form tho. 

WEST, SCARRY R.v Electrical Ehgineer*Genoral Secretary before February 1928. r , ^ 

; Ei©Arid Go,, Pittsfield, Mass. . Abakumoff, JC. V., Tdxas\Power & Uight Co,, 

WINTERER, JldRAOB K„ Cominoiflal Er^I- ^® al ' as, ?' I oxas „ . '' V 

neor. General Elootrlc Go;. Los Ang«lesjOal, Abbott, L.. Stouo & Welter, Ino, Boston. Mass. 

WRIGHT, PAUL L„ Member 'of' Technical Ahlstroem, K. E’., Stone & Webster, Inc., Boston, 

Staff, Bell Telephone Abs,, New York, Mass. : ~ 

. : '' *’ ■ : ■ -l 

• . • . ; • . p : p , a ■. ■ 
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Arncll, J. O., Brooklyn Edison Oo. p Brqpklyn, Hoard, N. F.„ General Electric Co,, Schenectady, Rodriguez, L. E., Teacher, Electrical Subjects, 

N, Y, N.Y. .Chicago,III, • 

Arvidson, O. E„ Commonwealth Power Oorp»« Holfcnan, R. A„ Cutler-Hammer Mfg. Co., Romandor, H,, Oeneral Electric Co,, Schenectady, 
Jackson, Ml oh. Milwaukee, AVIs, < N,Y. 

Babtftck, F. IT., General Electric Co., Now York, Hogan, B. v Homestako Mining Co., Lead, So, Rose, E. B., New York Edison Co., Now York, 
N.Y. Dakota N.Y. 

Bulloy, 11. A., Dotrolt Edison Co., Detroit, Mich. Hopkins, A. R-, Day-Fan Electric Co.^Dayton, Rowloy, J, F., Binghamton Light, Heat & Power 
Basu, S. JC,, General Electric Co., Plttslleld, Mass. Ohio Co,, Binghamton. N.Y. . 

Boardsldo, II, W„ Appalachian Electric Power llowoll, W. L„ Columbus Railway, Power & SqJus, F., Stone & Webster, Inc, t Boston, Mass,. 

Oo., Huntington, West Va. Light Co., Columbus, Ohio Sanford, F. E., Union Gas & Electric Go., Oflk- 

Bcody, II., Western Electric Co., Chicago, Hi. Hughes, IS, D.* Scranton Electric Oo., Scranton, cinnati, Ohio * 

Blake, Ivan A„ Stone & Webster, Inc., Boston, Fa. Sckeuch, G. 0., Potomac Electric Power Go., 

Mass. JamOs, W, II., Public Sorvico Electric & Gas £o. Washington, D, C, * 

Blomqulst, E, A., Rensselaer Polytechnic In- of N. J„ Newark, N, J. Schmitt. E,, Commonwealth Edispn#Oo., Chicago; 

stituto, Troy, N.Y. Jamieson, It, J., Pennsylvania Powor Co., Sharon, Ill, • , 

Bonham, W. E.\ AYcstinghouso Eloc. & Mfg. Co ,') ‘Ta. Scarier, D. P., Scranton Electric Co., Scranton, 

East Pittsburgh, Pa. Joostlng, F. D., Wostinghouso Elec. & Mfg. Co., Pa. « * 

Bonner, *J, It,, Electrical Contractor, A1 Lyras, East Pittsburgh, Pa. Schweppo, W. A., University-; of Minnesota,* 

Oalif. Johnson, It. J., General Electric Co., Schenectady♦ Minneapolis, Minn. 

Brandt, R. II., General Electric Co., Schonectady, N.Y, ’ Sedgwick, K, G„ Outlor-Hammcr J^fg. Go., 

N.Y. Kelley, A. E-., Stone & Webster, Inc,, Boston, Milwaukee,WIs. . * ’ : , 

Brovoort, II. AY., Now York Edison Go., Now Mass, ' Selgal, J, A., Now York Telephone Co., Now York, 

York, N.Y. Knapp. F. II., Gonoral Railway Signal Go., N.Y. * 

Brookins, II, II., AVeslinghouso Elcc. & Mfg. Co., Rochester,'N, Y. Sotzer, M. W., Canadian School of Eloc tricity ,* 

East Pittsburgh, Pa. ICucchlo, T. P., Central High School, Columbus, Montreal, P. Q., Can. 

Brownloo, W. N., Stono & Wobslor. lac.. Boston, Ohio Smith, O, L„ Roches ton Gas & Electric Cfcvp., 

Mass, . ' Lacldo, W, J., Stone & Wobster, Inc„ Boston, Rochester, N. Y, 

Oawdroy, M, M., Columbia Engg. & Mgt. Corp., Mass. , Smith, G. V., Bell Telephone Laboratories;,* 

Cincinnati, Ohio Lang, A. G., (Momtyr), Hydro-Elec. Pr. Comm. Now York,N.Y. * 

Ohlofale, F. P., Brooklyn Edison Oo., Brooklyn, of Ontario, Toronto, Ont„ Can. Smith, H. O., Southern California Edison Oo„ 

N.Y. Lipscomb, E. AY., Wostorn Union Telegraph Co., Los Angelos, Oalif, 

OhUty, II. R., Jr., Homo Tol,i!&ToI. Oo., Spokane, Dallas, Texas * ■ Smith. P. O., International Nickel Oo. of Canada, 

•Wash Little, G. M„ (Member), Wostinghouso Elec, & Ltd,, Frood Mine, Ontario, Can. 9 

Clark, K, B„ Burlington Public Elevator Co. t Mfg. Oo., Pittsburgh. Pa. Snead, S., Proprietor, Radio Service, Milwaukee, 

4 St Joseph Mo. • LulL A. D„ General Electric Co.. Philadelphia, Pa. Wis. * 

Oozzom.B., SanJoso'Oftllf. Mncoy, R.* The Macoy Sign Oo., Ltd,, Toronto, Southard, F, h„ Stone*& Webster, Inc., Boston, 

Cummings, II, fl„ Stono * Webster, Inc., Boston, Ont.,Oan. Mass, ^ ^ 1, 

Masa. Macforrnn, Mabel, Southern California Edison Starr, E. W-< Worcester Polytechnic Institute, * 

Davidson J, I., Montana Power Co., But to, Mont* Oo., Alhambra, Calif. Worcester, Mass. . ' 

Davis, G. AV., Ponn-Oliio Power & Light Co., Maddooks, J. II., Stono & AYobster, Inc., Boston, Stollrocht, AY, A., Graham & Norton, Inc,, • 
Andover Ohio Mass, Now York, N.Y, 

Dolmol P, II,’ Pablflo Tol, & Tol. Oo„ San Rafael, Mashonliolmoi-. P„ Jr., Now York Edison Ooi. Swanson, E. H„ Now York Edison Oo„ Now York, 
Oalif Now York, N.Y. N.Y. 

Elroy, P. j„ OuUor-Hainmor Mfg. Oo.. Milwaukee, Malonoy. O. W„ Stono & Webster. Ine„ Boston, Swtcdora, I£. L„ West Texas Utilities Oo., Abllone, 

. wis Mass, Texas • ( 

Epploy, I, O., Columbia Engineering & Manage- Manson, II, E., Wostinghouso Elec. & Mfg, Oo., St. Auburn, AY. M., Associated Gas & Electric 
montOorp., Dayton, Ohio East Pittsburgh, Pa. . Co.,Oneonta,N.Y. 

Errlckson, J. E„ Camdon Oolto Oo„ Plant of Masln, F„ Jr., Electrical Tosting Laboratories, Taylor, J. W..R„ (Momber), Ganadlan Wasting- 
Public Sorvico Elcc. Sc Ofts Oo„ Onnulon, Now York, house Oo., Ltd., Toronto, Ont„ Can, 

N.J, 

Evans, E, A., Goneral Elootrlc Oo„ Schdhcctady, 

N,Y * s E.ootrio^olw Oo., Mln^ SS k, Public Sorvico Production Oo.. Toussiong, O. P.. Pac.ncToh & Toi. Go., Spoka*,-< 


• ! 'rf 

*■ 

: : ' -m 


■ «' 


May, M, S., Spoorj^M^V 1 Oo:, St. Marys, Pa. Thompson. R. M„ 318 Westminster Kofid, 
, Menmuhv J, B,, 0[||^pnr’ElQOtric Oo., Plttsileld, Brooklyn, N, Y, 


Brooklyn, N, Y. 
ssiong, 

AVash. 


Follows, W, II,, Jr,, Potomac 1 

Fo, 1S temSa D D°'Allentown Sc&fctrioti MSo^Tui.NaUonal Malleable & Steel Casting Vance. Of L. Westlnghouse Elec. » Mfg. Oo.. 
__ On . flharon. Pa. Sharon, Pa. 


Allentown, Pa. 


Off:,. 

If 


k .M Oo., Sharon, Pa. 

• FidkorfO. E.. Pennsylvania Power Oo.^fron, Morris, F, L„ Now England Tel, & Tel, Oo., Vandegrift* J. A., Ooplay Cement Mfg, Oo„ « 
Pa. ' M wm Sprlngrtold, Mass, Ooplay, Pa. 

Plsokor, Hyman, 723 Oth Avo„ San Francisco, Motto, 0. E*. Edison S tor ago Battory Oo., y erw 2 w jj i jj. o <t General EIe<Aric Oo, Sohenec- 
Oftlif. Washington,D.0, ^ tady, N.Y. * ’ V 

Fisher, S, O,, Stono & Wobslor, Inc., Boston, Nagle, G. S„ Now York Edison Oo., New York, ^IHdfiitior, R., F. F, O, O, Nacionalea de Mexico, 

EoulkS!; Ohicngo Ihm Co., Phlludolphia. Pa, Eleotrlo Power, Oo.. ° “Jft Mfg. Oo.. 

iwick Wash Odell, N, S„ Rochostor Gas & Electric Corp., East Pittsburgh, Pa. * 

Goldman? A. S., General Electric Oo„ Schenoc- Rochester,N.Y, f w ^ Walker, J. R„ U. S. Bureau of Reclamation, 

tady, N, Y. Olrastcd, F. A.* Stono & Webster & Blodgett, Donver, Colo, 

Groissor. V, II ‘ (Momber), Washington Water Boston, Mass, AVIUto, VY. L„ Stone k Webster, Inc., Boston, 

Powor Co., Spokano, AVash. Otto, E. O., Delta-Star Electrio Oo., Chicago, Mass. * 

aW,, SKbl£ R,, : a °" 0rM 1 " 80tt,0 ' : 00 ” •° te ' Whlting,L.M.. Stone ^Webster, Inc.,Boston.^ 

Gross,^P, T. .Ahimlnum Oo, 6f Amorlca, Glove- ^ & yf ^ In0 „ Boston . Williams, O. S„ WesttngUousa Elec. & Mfg. Oo.. 

““S?* 

Harvoy. E.-W., Wostinghouso Elco. & Mf«. Oo„ Mass. . Wolfo. I. Oft3 So«fch W<* Tomplo St., Salt 

Kansas City, Mo. Po well, R, E * Western Elootrlc Oo., Inc., ICoarny, Lake City, Utah , 

' Holticftmp, I. H., Toledo Edison Oo., Toledo, Ohio N..T. . , . : Worth. A. M.. Brooklyn Edison Oo., Brooklyn. 

‘•^.V * rt K rt i n ' T HnnsohoU doiv'inolf'Rauth*^ A, W„ Conunomvealth Power Corp., N. x, 

^ S ha8 ' J ' nonsoU01 ; Mich. Wotherspoon, H; JUoln & Sons, OlHoago, 

•.vr.,,*: -t-Lv.._.. - -- ^ Hi, . \ ^ f,. " 

Worthington,,Bi||Stono & AVobstor, Inc,i Boston, 

;. ; fiMi V •'' : . . .' 

Wright, R. ^..^estinghouse Eloc. & Mfg, Co,, 

' ’ :y " • 


'V Now York, N. Yv,. .... . . ■. m.v • . , n 

?: • Herbst, P, J., Victor Taljclng ^Machine O*,; RcocI, R. A., AYestinghquse Eloo, k Mfg. Oo„ 

. • Camden, N, ,1. % \ Sluwon, Pa, . • 

iSiif 'fficks M. II., Carolina Power & ?. H. ? Naoliod AU* S. Signal Oo*, 

Ashovillo, N J3. • LouisvilTb, ICy. 

v ' . HlUlotv W. EAvTU rillsh Columbia Elcc. Kwy.. Roberts, O.T„Pehn S yylVaniaPowerOo„ Sharon, fEastTRMburgn.Tar ... . 

.Oo.. Vancouver, B. O., Can. . - V :- ; ■ *.',* .■ * f . 

* * • . .. (i * * » • * * • * # i 
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'g f . 4 . . V Foreliin 

Dev, S. It./Military Poww House. Ferozepore 
Oautt., Punjab, India 

Hayden, A. J., Elec tvical C on tractor. O tahuku, 

N.Z. * 

. Macaulay, J. H„ Bombay, Baroda & Central 
India Ilwy* Oo., Doliad, India 
Robinson, T. B., City of Salford Electricity Dept,, 
; Salford, Eng. 

S^rra Nogra, F. S„ (Member), Rede de Ylacno 
Sul Mine Ira, Cru Loire. Sao Paulo, Brazil, 
S. Am er. 

Wight-man, H. C., (Member). Rawalpindi Electric 
• Power G*.,*Ltd. t Rawalpindi, Punjab, India 
Total 6. * 


# ' STUDENTS ENROLLED 
Afce, Tatfao, Toyko Imperial University 
Abo, Tadaslii, University of Denver 
Abelo, Raymond J„ University of Detroit 
;\!ley, Ronibort G.. Louisiana State University 
AH start t, Alois, Marquotto University 
Amos, Fred Stanford University 

•Andorson, Lynn T„ University of Nobraska 
Apploman, Wilbur R.. University of IUlnois 
Atkftson. F, AVilmor, Ohio State University 
‘Baker, Robert A., Lehigh University 
'Iflnlow, D. Brooks, Princeton University 
BUum, Roy N„ Iowa State College 
Beck, Richard J,, Brooklyn Polytechnic Institute 
Belcher, Alexander G., University *of Colorado 
Blessing, Henry L.. Ohio State University 
Braun, Raymond W., Northeastern University 
Brock, Jcjm P., University of Denver 
Brokenleky, Charles, University of Nebraska 
Brooks, Paul J„ Ohio Njn^hem University 
Buchanan, Hilts 13., Iqwa State Colleges 

• Buchingor, WiUln#i, University of Detroit 
Buckley, Frooman O., Mississippi Agri. <fc Mcbh. 

V;V:!r 0 olio go 

Campbell, Charles R., Jr., Union College 
Cantor, Arthur B„ Now York University 
Oeranic, Nicholas O., Ohio University 
Ohardaul, N. ID., Iowa State Collogo 
:■ Chisholm, Marshall 3., State College of 
Washington 

Giiytrails, Elmer It., University or Utah 
Clabuirl. Nicholas, Harvard University 
, Olomens, Vincent A., University of Illinois - 
Cleveland, Raymond W., Northeastern University 
Cockrell, Ernosb A,, Marquette University y. 

" Oobeu, Joseph, University of D onver 
: •-dpnfltantinides, Willard, Stevens Institute 
V- r Technology _ 

Conway, Evqrott W., VVost Virginia University 
CodberTDale 8., University of Denver 
# Crane, George R.. Calif. Institute of Technology 
Oriss, Francis AV, r Mississippi Agri. & Aleck. 

< ' College .• . 

Qritciiott, Carl*AOhio University 
Dalgor, C. Pierce, Johns Hopkins University 
Davis, K&IIvTm University of Nebraska 
]<1A Beer, Leopold, Mass* I institute of Technology 
Ido Carlo, Joseph A., University of Denver 
Doma-s, Goorge*N.. Columbia. University 
Biwt Dowell, Dwight A., Iowa State College 

v ,Diohnel, Ffanklln 15., ©klaboma A. & M- College 


'Xf/' 

Ml 


Ki 

UK 
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; : M ;: ' 
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Dimmlck, Gtonn L., University of Ajissouri 
Dowden, Alfred LvMass. Institute of Technology 
Dubielzig. Richard G., University of Wisconsin 
Eastman, Luther J,, Calif, Institute of Technology 
Elissaldo, Marcel II,, Louisiana State University 
Engalltclioff, John, Johns Hopkins University 
Engclliardt, Robert J., Iowa State College 
Fassnaclit, Robert J,. College of tlie City of New 
York 

Fendioy, Louis M., University of Kentucky 
Fiuefrock, Benjamin F.. Jr., Pennsylvania State 
College • 

Gty>r, Sam, Brooklyn Polytechnic Institute* 

Gar 11 , Harry It., Ohio Northern University 
Gaiithey, Jules L.. Johns Hopkins UnivorsLty 
Gilman] Frederick O l3 Stevons Institute of tech. 
Glaska, John M„ University of Notro Darao 
Green held, Eugene W., Johns Hopkins University 
Greenwood, George XL, ^University of Michigan 
GriaclasoiT, Leonid I,, University of Washington 
Gunirno, Ralph L„ Ohio Northern'University 
Gussow, Leonard H., Cornell University 
Guyatti, Cecil W., Lehigh University 
Haaso, Henry W., Marquette University 
Hamilton, J. Arthur, Pennsylvania State College 
Hang, Albert A., Lehigh University 
Hart, George F„ Marquette University 
Heldbredor, J. Fred, University of Michigan 
Honderson, Thomas H,, Louisiana State Univ. 
Hicks, Fred H., Lafayette College 
Hludcrb, Lawrence A., l£wa Stato College 
Hoppe, Frederick M., Marquetto University 
Houston, William J., Rose Polytechnic Institute 
Howolls, Thomas, Jr., Pennsylvania State College 
Howor, John 8., Jr., Cornell University 
Hughes, James S., Georgia School of Technology 
Ibor, Arthur If., University of Cincinnati 
Igtohart, Marion M. t Johns Hopkins University 
Israeli, Samuel, College of the City of Now York 
Joy nor, Henry, Louisiana State University 
Juices, Vincent J., Ohio University 
Kelly, Robert L,, Johns Hopkins University 
Kendrick. Samuel W„ University of Missouri 
Kenney, Clarke, Ohio University 
Kiep, Julien A„ Lehigh University 
Kimball, Gordon S„ Stanford University 
Klatzlro, Dqnlol, College of the City of New York 
ICllngfilhooHer, Roydon H\, University of 
Ponnsyl van ia di Mh. 

Knapp. J. Robert, lowtima.tjo Collogo 
Knozacek, John J„ Univ#ifty of Nebraska 
Eh'aushaar, Werner, University of Detroit 
of Kundel, Towes, Iowa State College 

Lamb, James, University of Detroit % 

Law, Russell, Iowa Stato College 
Lawton, Elliott J„ University of Missouri 
LeDuc, Clarence, Marquette University 
Loitkead, Robort O., Univorsity qf Washington 
Levin, Arnold, Armour Institute of Technology 
Lewis, Davis D., Havcrford Collogo 
Little. Martin B, f Iowa State Collogo 
Low, John 8., Stanford Univorsity 
Luckoy, Robert W„ Unfversity of Nebraska 
Lundeon, Robort X., Iowa State College 
Maurei*, Georgo, Alarquotto University 


McOlyro, A. Marco, University of Colorado 
McCormick, ICynard, Iowa Stato Collogo 
McDonald, Thomas B„ Rico Institute 
McFarland, Walter O., University of Denver 
McICnley, James R., Louisiana Stato University 
Morrifield, Burr E., Kansas Stato AgrL Collogo 
Moyer, Mori, Oklahoma A. & M, Collogo ' 
Minor, Rudolph, Marquette Univorsity ^ 
Millmann, Eiigeno H., Marquette University 
Moseley, Ralph L., Louisiana Stato Univorsity 
Motlorn, Jacob P., Pennsylvania Stato Collogo 
Musgrove, Albert M., Jr., Johns Hopkins Univ. 
Nicholson, Alfred J., University of Nebraska 
Nowacki, Leo M„ Harvard University 
Pastoro, Intel, Droxcl Institute 
Poudiaton, John E., Iowa State Oollego 
Petrie, Joseph N., University of Denver 
Pfeffor, Aloysius A.,' Jr., Marquette University 
Plummer, William:,IS., Johns Itopkins University 
Polk, Stanley O., University of Detroit 
Poolo, George D., Ohio Northern Univorsity 
Rafczman, Harold A., Marquotto Univorsity 
Reichert, Georgo C., Marquette Univorsity 
Reichert, Harold E., Marquotto Univorsity 
Reynolds, Richard W., Texas A. & M, College 
Rolirig. Carl E„ Iowa Stato Collogo 
Roper, Richard M.,* Kausas Stato Agri. College 
Roy, J. A. St. Omor, Georgo Washington Univ. 
Saylor, Elbert R., Univorsity of Nebraska 
Schang, Stephen J., University of Detroit 
Schoolflold, Harrison H„ Jr., Stanford University 
Schwartz, Lyle H.i^owa Stato Collogo 
Scott, Roger M., Brbwn University 
Scott, Wood H. ( Louisiana Stato University 
Soderholm, Alfred A., Iowa State Oollego 
Shapaker, Henry W., Marquette Univorsity 
Skive, Ray L., Pennsylvania State College 
Sinnott, Joseph F„ Harvard Univorsity 5 
Somerville, Gareth G., University of Kansas 
Spakr, Vincent B., Pennsylvania State 1 College 
Springhotti, Joseph, University of,Detroit 
StcfTo, Robort P„ Pennsylvanlii"Stato Collogo 
Stewart, J. M., Louisiana State UnivorsLty 
Sfcolcely, Robort G., Louisiana State University 
Straconor, William H., Louisiana Stato University 
Stroeklo, John O.. University of Colorado 
Taft, Leonard W.. Northeastern University 
Tlioriault, John E.. University of Dotroit 
Thomas, Ralph A., Ohio University 
Thompson, Z, V., Olomson Agri. Coliogo 
Thomson, Cameron A., University of Wisconsin 
Torvik, Edwin B,, Oregon Agricultural Oollego 
Trescder, Donald AY., Iowa State Oollego 
Trump, 5$kn G., Brooklyn Polytechnic Institute 
Tyler, Ransom, University of Wisconsin 
Warren, sf Reid, Jr., University of Ponnsylvania 
WeboH Frank D. t IMarquotte University 
AVohrle, A. Porter, Iowa Stato Collogo 
Wondegatz, Lester G., Marquette Univorsity 
Wort, Charles M.. Univorsity of Kentucky 
West, AYilliam P., Olemson Agricultural College 
WIeckers, Benton T., University of AA^isconsin 
AA T iUlams 1 Georgo M„ Iow T a State College 
AVilliamson, Clair A., Univorsity of Kansas 
AVooster, Mallory 0„ Univorsity of Maryland 


Alaurni’ Georgo. Marquouco umvorsiuy . —--- - - 

May, Mettlcus W.. Jr.. Mississippi Agfl. i Meoh. Yaraaguchi, Ilsaburo, Tokyo Imperial University 
Collogo Tota'175. 
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OFFICERS A. L E. E- 1927-1928. 


C. C. CUESNEY 


President 

Bancroft Gherardi 

Junior Past Presidents 

M. I, Pupin 


Vice-Presidents 


H. M, Hobart 
B. 6. Jamieson 
George L. Knight 
H. H. SCHOOLFIELO • 
A. E. Bettis 

John B. Whitehead . 
J, M. Bryant 
E. B. Merriam 
M. >!. Fowler 
H, A. Kidder 
E. C. Stone 

National Treasurer 
George A. Hamilton 


Managers 


O. J. Ferguson 
E. R, Northmore 
J. L. Beaver 

A. B. Cooper 
C, 0. Bickehmupt 

I, E. Moultrop 
H. C. Pon Carlos 
F> J. Chesterman 

P. C. Hanker 

E. B. Meyer * 

H, P. Livjsrsidge 

National Secretary 

F. L, Hutcihnson 


Honorary Secretary 
Ralph W. Pope 

LOCAL HONORARY SECRETARIES 
T. J. Fleming, Cnllc B. Mitre 510, Buenos Aires. Argentina, S, A. 

H, W, Flashman, Aus. Westinghouse Elec. Co. Ltd., Cathcart Houee^ 
11 Castlereagh St., Sydney, N, S, W., Australia. 

F.'JM, Servos, Rio de Janeiro Tramways, Light 8c Power Co., Rio de Janeiro, 
Brazil. 

Charles le Maistre, 28 Victoria St., London, S. W. 1, England. 

A.[S. Garfield, 45 Bd. Beausejour, Paris 16 E,, France. 

F.*JV- Willis, Tata Power Companies, Bombay House, Bombay, India. 

Guido Semenza, 39 Via Monte Napoleone, Milan, Italy. 

P. H, Powell, Canterbury College, Christchurch, New Zealand. 

Axel F Enstrom, 24a Grefturegatan, Stockholm, Sweden. 

W. Elsdqn-Dew, P. 0. Box 4503, Johannesburg, Transvaal, Africa. 

.A. I. E. E, COMMITTEES 

(A list of the personnel of Institute committees may be found in. the January 
issue of the Journal.) 

GENERAL STANDING COMMITTEES AND- CHAIRMEN 

Executive, B. Gherardi 

Finance, H. A. Kidder 

Meetings and Papers, H, P. Charlcsworth 

Publication, E. B. Meyer 

Coordination of Institute Activities, G, L. Knight 

Board of Examiners, E. H. Everit 
Sections, W. B. Kouwonhoven 
Student Branches, J. L. Beaver ’ 

Membership, E. B, Merriam . # 

Headquarters, G, L. Knight 
Law, C. 0. Bickelhaupt 

Public Policy, H. W. Buck ; ' . 

Standards, J, Franklin Meyer 
Edison Medal, M. I. Pupin 


Code of Principles of Professional Conduct, John W. Lieb 
Columbia University Scholarships, W .1. Slichter 
Award of Institute Prizes, H. P, Charlesworta * 

Safety Codes, J. P. Jackson 

SPECIAL COMMITTEES 

Advisory Committee to the Museums of the Peaceful Arts, J. P. Jackson 
Licensing of Engineers, Francis Blossom 

TECHNICAL COMMITTEES AND CHAIRMEN 

Automatic Stations, Chester Lichtenberg 

Communication, H. W. Drake 

Education, P. M. Lincoln 

Electrical Machinery, F. D. Newbury ^ 

Electric Welding, J. C. Lincoln p « 

Electrochemistry and Electrometallurgy, George W? Vinal , 

Electrophysics, V. Karapetofl^ 

Instruments and Measurements, Everett S. Lee „ 

Applications to Iron and Steel Production, A, G. Pierce ^ 

Production and Application of Light, Preston S. Millar 
Applications to Marine Work, W. E. Thau ^ # 

Applications to Mining Work, W. H. Lesser n * 

General Power Applications, A. M, MacCutcheon 

Power Generation, W. S. Gorsuch ^ ^ 

Power Transmission and Distribution, Philip Torchio * 

Protective Devices, F. L. Hunt 

Research, F. W, Peek, Jr. ° * 

Transportation, J. V. B, Duer 

A. I, E. E, REPRESENTATION 

(The Institute is represented on the following bodies; the names of the repre¬ 
sentatives may be found in the January issue of the Journal.) 

American Association for the Advancement of Science, Council 
American Bureau of Welding ^ 

American Committee on Electrolysis « 

American Engineering Council 

American Engineering Standards Committee * „ 

American Marine Standards Committee , P A 

American Year Book, Advisory Board * 

Board of Trustees, United Engineering Society 
Charles A. Coffin Fellowship and Research Fund Committee 
Committee of Apparatus Makers and Users, National Research Council 
Committee on Elimination of Fatigue, Society ok Industrial Engineers 
Engineering Foundation Board 

John Fritz Medal Board of Award a 

Joint Committee on Welded Rail Joints 

Joint Conference Committee of Four Founder Societies 

Library Boa^d, United Engineering Society 

National Fire Protection Association, Electrical Committee 

National Fire Waste Council 

National Research Council, Engineering Division 

National Safety Council, Electrical Committee of Engineering Section 
The Newcomen Society j • ^ 

Radio Advisory Committee, Bureau of Standards 

Society for the Promotion of Engineering Education, Board ok Investi¬ 
gation and Coordination " • " 

U. S. National Committee of the International Electrotechnical 
Commission ' 

U. S. National Committee ok the International Illumination Com¬ 
mission „ 

Washington Award, Commission of 
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Baltimore 


Chicago V 
Cincinnati 
Cleveland 
Columbus 
Connecticut 


Chairman 
A. L. Richmond 
T. H. Landgraf 

W.B.Kouwenhoven 

' * E, W. Davis 


• R* C. Fryer 

• A, M. Lloyd 
l F. C. Nesbitt 

A, E. Knowlton , 

i 

A, L. Jones 


* Detrolt-Ann Arbor * F. ft. Riddle 


L, H. Curtis 


W. A, Hillebrand, Ohio Insulator 

' Co., Akron. Ohio 

D, H, Woodward, Amer. Tel. & 
Tel. Co,, 938 Hunt Bldg. 

Atlanta, Ga, 

R, T, Greer, Madison St. Building, 
Baltimore, Md. 

W, H. Colburn, 39 Boylston St., 
Boston, Mass. 

L. J, Vanhalanger, Conway Build¬ 
ing, Chicago, Ill. 

Leo Dorfman, West! nghou Be Elec, 
& Mfg. Co., Cincinnati, Ohio 

E. W. Henderson, 1088 Ivanhoe 
Road, Cleveland, Ohio 

W. E, Metzger, Interurban Termb 
nal Bldg,, Columbus, Ohio 
• R. G. Warner, Yale University, 
New Haven, Cogn. 

R„ B..Bonney, Telephone Bldg., 
P. G. Box 060, I^nver, Colo. 

Prof. A, H, Lovell, University, of 
Michigan, Ann Arbor, Mich. 

C. P. Yoder, Erie Coufcty Elec, 

On TVlo Pfl A 


Fort Wayne 


P. 0, Noble 


Indl&napoIls-LafayeUo C, A. Fay 


Kansas City 
Lehigh Valley 


Los Angeles 


Milwaukee 


R, F, Chamberlain 

S, M. DeCamp 
M. R. Woodward 


L. C. Williams 
D. C. Jackson, Jr. 
W. F. Dawson 
J. T. Rood 

B, Nikiforoff 

John D. Ball 


Secretary 

F. W. Merrill, General Elec. Co., 
Fort Wayne, Ind. 

Herbert K css el, Fairbanks Morse 
& Co., Indianapolis, Ind. 

H. H, Race, Cornell University, 
Ithaca, N. Y, 

B. J. George, Kansas City Fr. & 
Lt. Co., Kansas City, Mo. 

G. W. Brooks, Pennsylvania Fr. 
& Lt. Co., 001 Hamilton St., 
Allentown, Pa.- 

H. L. Caldwell, Bureau of Light & 
Power, Los Angeles, Cal, v.-. 

W, C. White, Southern Bell Tel. & 
Tel. Co», ,Lou IB ville, Kv, 

V. R. Holmgren, Gen, Elec, Co., 
Bldg, 64 G, Lynn, Mass. . 

H, J, Hunt, D. W, Mead and 
C. V; Seastone, State Journal 
Bldg,, Madison, Wisi - 

E* D. Luque,- Providencia 620, 
ColSnia Del Valle, Mexico, D. P„ 
Mexico 

Wm. J. Ladwig, Wisconsin Tel, 
Co, f 418 Broadway, Milwaukee, 
Wis, 
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Nam* 
Minnesota 
Nebraska 
New York 


Chairman 
_i--— 

I. R. Sumpter GilbeTt Cooley, Rice & Atwater, 
St, Paul, Minn, 

N. W, Kingsley Roy Hagen, General Electric Co,, 
Omaha, Nebraska 

L, W. W. Morrow J* B, ‘Bassett, General Eleo, Co,, • 
120 Broadway, New York, N. Y, 

L. E. Imlay E. P. Harder, 205 Electric Build¬ 

ing, Buffalo, N. Y, 

Edwin Kurts B, A. Fisher, Oklahoma A. & M 
College, Stillwater, Okia, 

L, W. Parsons M. P. Benninger, Box 174, Balboa 
Heights, C. Z. 

I, M, Stein R. H. Silbert, 2301 Market St,, 

t Philadelphia, Pa, 

W. C. Goodwin H, E, Dyche, University of Pitts¬ 
burgh, Pittsburgh, Pa. 

H. 0, Stephens F. R. Finch. General Electric 

Co., Pittsfield, Mass. 

J. E. Yates L. M„ Moyer, General Electric 

Co,, Portland, Ore. 

F, N. Tompkins F. W. Smith, Blackstone Valley 
Gas & Electric Co., Pawtucket, 
R, L 

R. D, DeWolf C. C. Eokhardt, Igrad Condenser 
&Mfg. Co., 26 Ave. D, Rochester, 
N. Y. 

L, F. Wookton L. P, Van Houten, 2070 Washing¬ 
ton Boulevard, St. Louis, Mo. 

W. L, Winter A. G. Jones, 807 Rialto Bldg., San 

Francisco, Calif, 

J. D, Peters W. P. Brattle, Dept, of Tele¬ 

phones, Telephone Bldg., Re¬ 
gina, Bask., Canada 

T. A Worcester R. F. Franklin, Room 301, Bldg. 

, No. 41, General Elec, Co* 

Schenectady, N. Y. 
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is 
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Springfield, Mass. 

Syracuse 

Toledo 

Toronto 
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Vancouver 
Washington, D. C. 
Worcester 


’ Chairman _ Secretary 

C. R. WalUs Ray Rader, Puget Sound Pr. & 

Lt. Co., Seattle, Wash. 

L. H. Hill H. B. West, Westinghouse Eleo, 

& Mfg. Co, Sharon, Pa. 

W. S, Rodman J. H.> Barry, 1338 Rookbridg. 
Ave,, Norfolk, Va. 

L. R. Gamble * James B. Fisken, Washington 

Water Power Co., Lincoln & 
Trent, Spokane, Wash. 

C, A. M. Weber B. V. K. French, American Bosch 

Magneto Corp., Springfield, 
Mass. 

C. E. Dorr F. E, Verdin, 615 City Bank Bldg,, 

Syracuse, N. Y. 

T, J. Nolan Max'Neuber, 1257 Fernwood Ave., 

• Toledo, Ohio 

C, E. Sisson F, F. Ambuhl, Toronto Hydro- 

Elec. System, 226 Yonge St., 
Toronto, Ont., Canada 

J. 0. Kraehenbuehl J. K. Tuthlll t 106 Transportation 
1 Bldg., University of Illinois, 
Urbana, Ill. 

Daniel L. Brundige C. B. Shipp, General Electrio Co., 
Salt Lake City, Utah 

A. C. R. Yuili j, TeaBdale, British Columbia 

Eleo. Railway Co., Vancouver, 
B. C„ Canada 

M, G, Lloyd H. E. Bradley, Potomac Elec. 

y Pr. Co., 14th & C Sts., N. W„ 

. Washington, D. C. 

Guy F, Woodward F, B. Crosby, Morgan Construc¬ 
tion Co., 15 Belmont St., Wor¬ 
cester, Mass. 
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Xkron*Municipal Universityof, Akroo, Ohio...•••-. 

Alabama PolyteAnlc Institute, Auburn, Ala;. 

Alabama, University of, University, Ala,... 


LIST OF BRANCHES 

Chairman 


Secretary 


* Counselor 
.Member of Faculty) 


. ... ;;AH*gna,'UuivorHiiy ui, iuw»uh, mi*. , , , ..... • .. 

Arkansas, University of, Fayetteville, Ajrk,..... 

t $ • , Armour Institute 6t Technology, 3300 Federal St., Chicago, -Itt, 

;Q;v Brooklyn Polytechnic Institute, 99 Llyingston StvBrooklyn, NL Y.....V* 

Hll Buckpell University, Lowisburg, Fa-............♦ ♦':* ■ •*,*• • • • 


I v « * (Pleinsph Agricultural College, Clemsdn 

i Colorado, University of, Boulder, Colo. 

H' V'l’:- .V ,'.oiL'A-V a n.n...• 


, Colorado State Agricultural College, Fort Collins, Colo..,, ...... Harold Groat 

Cooper v ..*..V--. . o, V.^- *B» T. Reynolds 

Denver, University of, Denver, Colo,,,, i. *..... i .... ..... G« K« Baker 

* Drexei Institote, Philadelphia, Pa tT ... v ... ..J. E* Young 


■ * Droxei Institute, Philadelphia, Pa, T ........ 

^ r Duke University, Durham, N. C... 

. FtoHria. Unlversit# of. Gainesville. Fla!. . ... . 


.. ,C. R. Delagrange 

P. W Bierman 

J. T. Walther r 

.. ,T. S. Lynch 

P. E. Sandlin 

•:|;W, w. Hill • 

,., Sewell St. John 

J. M. Cardwell, Jr,,.:'’ 


.,. Gary Mitchell 

Audley Sharpe / > < 

J. C. Clark 

i ; , W. H. Mann, Jr. 

. -Dick' Ray. _ 

W. B. atelzner 

,, ,L. J. Andenjon V: 

• ; H* T. Dahlgren 

D. P. Moreton 

... James ;Birown 

F. W. Campbell 

Robin Beach 

., ,-G. rB; Timna 

A. C. Urffer 

•v: : W- K Rhodes 

.. J. W. Thatcher 

J. G. Kuhn 

R. W. Sorensen 

.. .John F, Bertucci; 

Nathan C. Clark 

•. G : . MoFarland'•''v • 

...N, D, Cole 

J. R. Britton 

B. C. Dennison ;■ 

...G. J. Currie 

R. G. Taylor 1 

- ;; H. B. Dates 

. ,.J. V. O'Connor 1 

R, H. Rose 

T, J. MacKavanaugh 

. ..G. E. Young 

: '' W. C. Osterbrock 

W. C. OBterbrook 

,, ,G, L, Rogers 

J, S. Loomis 

A> R. Powers 

...A. P. Wylie 

W, J, Brogdon 

S. R. Rhodes 

.. . J. A> Setter 

H. R, Arnold 

W. C. DfiYall 

Xi . Harold Groat 

* Howard Steinmetz 

H.G* Jordan- 

. „ ,E. T. Reynolds 

Wilfred Henschel 

Em Towle *v 

. . ,Q. K. Baker 

L. L. Booth 

R, E. Nyswander 

. . ,J. E. Young 

C. J. Backman 

E. 0 . Lange , 

,, ,0. T, Colclough 

F. A. Bevacqua 

W. J; Seeley 

,, . W* H, Johnson 

At C. Dean 

: J, M. Weil 

. ..J. A. Hart* 

0 . P, Cleaver 

VE, S. Hannaford ; ! V. 

. .^R. G. Elliott 

F. B. Peterson ; | 

J, H, Johnson V 

,, r W, H, Curvin 

W, H. Stark 

F. A. Fish 

, ,.F, L. Kline 

M, B, Hurd "• 

A, H. F^ord 

.„.R. D. Bradley 

. E. C. Shenk 

R. G. Kloeffler 

.. .R, M. Alspaugh 

W. A, Wolfe 

‘ x G. C. Shaad . 

...H.M.ptto 

D. M. James 

. :W. E. Freeman . 

,,, .John W. Dagon 

H. W. Lovett 

1 Morland King ^ 

... H, C. Towle., Jr. 

W. D. Goodale, Jr. 

J. L. Beaver 

.. ,A. R. Sansone ' 

G, M..Berg 

?• A. Roger. .. 
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LIST oy BRANCHES— Continued, 

Name and Location 4 Chairman 

New York, College of the City of, 139th St. & Convent Ave., New York, N. Y... .Joseph Leipziger 

Hew York University, University Heights, New York, N. Y.... J. F. Torpie 

North Carolina State College, Raleigh, N« C,......J. C. Davis 

North .Carolina, University of, Chapel Hill, N» C....... .D M. Holshouser 

*Noi?th Dakota, University of, University Station, Grand Forks, N. D.Alfred Botten 

Northeastern University, 310 Huntington Ave., Boston 17, Mass.L. A. Smith 

Notre Dame, University of, -Notre Dame, Ind.,.......... Charles Topping * 

Ohio Northern University, Ada, O,...,....John SimmonB 

Ohio Slate University, Colunfbus, 0..... . .A. B. Crawford 

Ohio University, Athens, 0.. \ ...Clarence Keloh 

Oklahoma A. & M. College, Stillwater, Okla.\...Benny Fonts 

Oklahoma, University of, Norman, Okla... Dick Mason 

Oregon State College, Corvallis, Ore.....,...J D. Hertz 

Pennsylvania State College, State College, Pa.,,.,Carl Dannerth 

Pennsylvania, University of, Philadelphia, Pa.....Wra, H> Hamilton 

Pittsburgh, University of, Pittsburgh, Pa......K, A, Wing 

Princeton University, Princeton, N. J...i...R. W. MacGregor, Jr. 

Purdue University, Lafayette, Indiana...L, Lindstrom 

Rensselaer Polytechnic Institute, Troy, N. Y, *......i.... W. F. Hess 

Rhodo Island State College, Kingston, R. I........*.C. F. Easterbrooks 

Rose Polytechnic Institute, Torre Haute, Ind........Arthur Drorapp 

Rutgers University, Now Brunswick, N. J.....N. A. Kieb 

Santa Clara, University of, Santa Clara, Calif......R> P> O'Brien 

South Dakota State School of Mines, Rapid City, S. D..,,.D. A, White 

South Dakota, University of, Vermillion, S. D........Stanley Boegler 

Southern California, University of, Loa Angeles, Calif..• * < ♦ 4 .Lester Bateman 

Stanford University, Stanford University, Calif... 1 .*.♦ .D. E. Chambers 

Stevens Institute of Technology, Hoboken, N, J....,...N. Goodnago 

8warthmoro College, Swarthmoro, Pa....■ J'Lifihfcfoot 

Syracuse University, Syraouso, N. Y. ..*.f'i 3, Ly “ de 

Tenitossee, University of, Knoxville, Tenn..<.». J. R. MoConkey 

Texas, A. & M. College of, College Station, Texas. * •* • *. L. Pjatt^ 

T^xas, University of, Austin, Texas.....* **' * * wu;!** 

Utah, University of, Salt Lake City, Utah.,.......■.E. White 

Virginia Military Institute, Lexington, V*....*'' „ p ™ KU1 

Virginia frolyteohnlc Institute, Blacksburg, Va....• •'.* ’tr n 

Virginia, UxdversUy of, University, Va...... wJ^wSf 

I Washington, State College of, Pullman, Wash..... v.? 

Washington Untofglty, St. Louis, Mo..v 1 . w-TmES- 

Washington, University of, Seattle, Wash...... 

Washington and Lee University, Lexington, Va.....*. _ 

Virginia University, Morgantown, W. Va. ... • JjT. 

Wisconsin, University of, Madison, Wia... •■•••• ■J° h “ S “ rgt 

Worcester Polytechnic Institute, Worcester, Mass... t n 

Wyoming, University of, Laramie, Wyoming..,...*.vl * - ’ 

Yolo Unlvoralty, New Haven, Conn.... »♦ *.."V*., 

Total 95 


Secretary 


Counielor 

(Member of Faculty) 


A, H. Rapport 

R. J. Fluskey 
T. C. Farmer 
W; C. Burnett 
Nels Anderson 
C. S. Porter 
George Conner 
Verl Jenkins 
L. G, Stewart 
H. W. Gieseoke 

( Jerry Robertson 

S. Hannon 
Richard Setterstrom 
W. J* # Gorman 

S. R. Warren, Jr. 

R. H, Perry 
W. Wilson 
H. A. Hartley 
8. B. Morehouse 
Charles Miller 
J. F. Payne 

J. E. Conover 
C, E, Newton 
Robert Mytinger, Jr. 
L. E, Crowell 
L, F, Slezak 

T. L, Lenzen 

S. J. Tracy 

W. F, Denkhaus , 
R. C. Miles 
R. L. Harvey 
H, W. Whitney 

L. R. Bagwell' 

Junior Petteraon 
E, F, James 

A. G. Collins 
C. H. Davis, Jr. 

E, G. Peters 
J, G. Masanec, Jr. 
Arthur Peterson 
Bernard Yoepp 
C. C. Coulter 
Leonard Saari 

M. A. Swanson 
E. C. Moody 
W. T, Kelly, Jr. • 


Harry Baum 
J. Loring Arnold 

C. W. Ricker 
P, H, Daggett 

D. R. Jenkins 
Wm.L.. Smith 
J. A. Caparo 

I. S Campbell 
F. C. Caldwell 
A A. Atkinson 
Edwin Kurt® 

F. G, Tapp^u, 

F. C* McMillan 
L. A. Doggett 
C. D. Fawcett 
H. B. Dych. 
Malcolm M&cLaren 
A, N. Topping 

F. M.Sebast \\ 
Wm, Anderson 
C. G. Knipmeyer 
P, S. Creager 

A. D. Hinckley 

J. 0. Kara merman 

B. B, Brackett 
P. S. Biegler 
T, H, Morgan 

F, C, Stockwell 
Lewis Fussell 

C. W. Henderson 
C, A. Perkins 

C. C. Yates * 

J. A. CorrelU * 
<JF. F. Merrill 
S, W, Anderson 
Claudius Xee * 
W. S. Rodman 
R, D, Sloan 
H. G. Hake 

G, L. Hoard 
R, W. Dickey 
A. H. Forman 
C. M. Jansky 

H, A. Maxfietd 
G. H. Sechrist 
C. F. Scott 
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Journal A. I. E. E, 


DIGEST OF CURRENT INDUSTRIAL NEWS 


NEW CATALOGUES AND OTHER PUBLICATIONS 

Mailed to interested readers by issuing companies 

* Outdoor Station Equipment*—Bulletin GEA-748A, 20 pp* 

Describes G-E bus supports for outdoor service. General 
Electric Coinpany, Schenpctady, N. Y. , 

* Floodli^Uind-—Bulletin GEA-439A, 10 pp., is titled “A 
Short Cut to the Solution of Floodlighting Problems/’ General 
Electric Company, Schenectady, N* Y. 

- Circuit Breakers.—Bulletin 580, 20 pp. Describes an ex¬ 
tensive lino of enclosed circuit breakers, of three distinct types, 
each typo having its own particular application. Roller-Smith 
Company, 12 Park Place, New York. 

Hirfh Potential Fuses.—Bulletin 200A, 20 pp. Describes 
•the S & C high potential fuse and its applications. Capacities 
are 2,200 to 132,000 volts, l A to 400 amperes. Schweitzer & 

. Conrad, Inc., 4435 Ravenswood Avenue, Chicago, III. 

. • Oil Fuse Cutouts.—Bulletin GEA-732A, 10 pp. Describes 
D & W oil fuse cutouts, typo D. These are used primarily for 
the protection of distribution and small pcweir/transformers. 
General Electric Company, Schenectady, N, Y. 

Pole Line Hardware.—Catalog 28, 192 pp. Describes ft 
comprehensive line of pole line hardware and construction 
specialties u*sedby electric light and power companies, tolepkone 
companies *vnd railroad companies. The catalog lias been de- 
signed«Us a reference book and contains many useful construc- 

# tioii methods of primary and secondary distribution. ITubbard & 
Company, 62nd St. and A. V, R, R„ Pittsburgh, Penn. 

Time Recorder.—BuKetiil 11?7, 8 pp. Describes the new 
Estcrline-Angus time recorder 'which records the actual time and 
dbratjpn of occurrences. It has wide application in the electrical 
field; in power plants, for recording the time when switches or 
valves arc opened and closed; in automatic substations, to record 
the operation Of circuit breakers and automatic? switches, the 
Stopping and starting of equipment, etc.; and on street lighting 
circuits; where electric service companies are required to provide 
. instruments which record when each circuit is in operation, 

* •Ffeterline-Angxis Company, Indianapolis, Iiid. 

Ground Tester*—Bulletin 1165,12 pp. Describes tlie f, Meg- 
gdr’’ ground resistance tester, a now direct-reading electrical in¬ 
strument for testing the resistance to earth of ground connections. 
*it is entirely self-contained, requiring no external current supply 
or any auxiliary, apparatus whatever,*except two ground rods 
and flexible leads. The test is madq id; one operation and with 
■V only one reading. The result Is indicated directly on the sched¬ 
ule, which rb ad »s like a.voltmeter. adjustment or calculations 

are necessary# James G. Biddle, 1211 Aroli;S trie©t, Philadelphia, 
Pehn.: /; , ; 

ft . • ' : :'. 

• NOTES OF THE INDUSTRY 

Corning Glass Works, Corning, N. Y., has‘ appointed 
Thomas S. Wood as representative, with headquarters ill; the 
:Pol.son Building, Seattle, Washington, to handle only the sale of• 
• v Pyrex insulators in the states of Oregon and Washington. 

The Wadsworth Electric Manufacturing Company, 

;Coviniiton, Ky., manufacturers of switches and meter protective 
do vices, announces tho election of Roy Cosbey as director J 
secretary to fill the vacancy caused by the death of /Richard J. 
Dibowski, Mr. Cosbey for the past four years has been comp-; 
t roller of tho company. ■ .. . ■ ■ • 

New Lnrde Portable Blower.—The Martindale Electric 
Company, 1254 West 4th Street, Cleveland, OMo t has recently 
developed the ViyfartindaleY portable suppr-blower with 27 in. 
water eolufmn pressure. The nej/biower*is claimed to be about 
twenty-five per cqnt stronger than their former ‘'Imperial^ 

• super-blower. ,• ■ ■ * j A ■ « f? h 

+ p . ; - v:,• v'• " 

, : v* • •' • *.#■ • * - V • , 

.:U ■*'//' ■/♦I?'*;*' • • • 'A ' : 

^ /, . \ ^ /. . 


, New Ohio Brass Office in South* —The Ohio Brass Com¬ 
pany, Mansfield, Ohio, announces the opening of an office in tho 
Healy Building, Atlanta, Georgia, to render better service to the 
trade in the southeast, and it will be i^sed as headquarters by 
K. Y. Farmer* H. II. Hoxie, J. A. Whatley and G. W. Willis, 
sales representatives of the company in that part of tho country. 

Norma-Hoffmann Bearings Corporation, Stamford, 
Conn.,, announces tlje resignation of A. IT. Grayburn, assistant 
secretary and assistant treasurer. IIo will assume an important 
executive position with the Hope Engineering and * Supply 
Company, of Mount Vernon, Ohio and New York City, A. H. 
Ritter, New York district manager goes to Stamford as assistant 
secretary and will be succeeded in New York by F. W. Mesinger 
from the Stamford office. Norman Bell, assistant sales manager, 
has also been made assistant secretary. 

Changes in Roller -Smith Personnel. —The Roller-Smith 
Company, 12 Park Place, New York, makers of instruments, 
relays and circuit breakers, lias added S. II. King to its sales force 
iq New York City. Albert Milmow, Charlotte, N. C., has been 
appointed exclusive agent for the states of North and South 
Garolina. M. B. Matliley, Monadnoek Building, Chicago, lias 
been appointed exclusive agent for the Chicago territory, 
superseding M. Frankel. W. J. Schuhmann, who has been 
connected with the New York office for many years as sales 
engineer, has been transferred to the company’s works at 
Bethlehem, Pa. 

New Branch Offices for Allis-Chalmers. —The ''Allis- j 
Chalmers Manufacturing Company, Milwaukee, has opened-a > 
new district sales office at Phoenix, Arizona,'located in the 
Heard Building, with J. B. Cooper as manager. Mr. Copper’s 
/headquarters were formerly in Los Angeles. A branch office,, 
lias been opened at San Antonio, Texas, in the Frost National 
Bank Building, with Earle R. Hury in charge, Another branch 
office is also being opened at Grand Rapids, Michigan, in tho 
Weiss Service Building, in charge of G. C« Culver. 

Cutler-Hammer Opens Pacific Coast Offices. —Tho 
Pacific Coast offices of the Cutler-Hammer Manufacturing 
Company, Milwaukee, will be handled by their own sales 
offices, at 970 folsom Street, San Francisco; 229 Boyd 
Street, Los Angeles; 2204 First Avenue, South, Seattle. The 
new sales district will be in charge of Fred It. Oberschmidt, a 
member of the Cutler-Hammer organization for over fifteen 
years, Associated with him at the San Francisco headquarters 
will be A* A. Tuff or t and George P. Stone. Thomas N. Bristow 
will be in charge of the Seattle office, and Edward G. Nelson of 
* the Los Angeles office. Coftipleto stocks of standard items in the 
Cutler-Hammer line will be carried at all Pacific coast offices. 

National Carbon Opens New Branch Sales Offices. : —Tkd 
carbon sales division of the National Carbon Coinpany, Inc., with 
general sales headquarters in Cleveland,, lias announced tho open¬ 
ing of branch sales offices to be located at the present brush, ser¬ 
vice plants of the company at 357 West 36th Street, New York; 
551 West Monroe Street, Chicago, and Arrott Power Bldg. No. 3, 
Barker Place, Pittsburgh. Complete sales and, service organiza¬ 
tions have been established at eagji office, ancf thb customers of 
tlie company liavo been requested 7 to address all orders and in¬ 
quiries for carbon brushes and other carbon specialties to the 
nearest branch sales office. The following appointments have 
also been announced: J. A. Hammond, a|sistant manager 4n 
charge of carbon brush and specialty sales, .f j$r. Hammond will 
be located at tfhe headquarters office at Cleveland; E. R. Geil)>-: 
assistant manager in charge of sales of illuminating carbons, 
who will be located in Cleveland; J» L. Green, district manager 
in charge*of the branch office at Chicago; V, J. Nolan, district 
manager in charge of the branch office at Pittsburgh; J. B. 
Colins, sales engineer in charge of the branch office at Birming- 
: ham, 

■■ ; • : ; 
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Transatlantic * 

Meeting 

Time and distance were annihilated in a spectacular 
way when, for the first time in history, two gatherings 
of engineers, one in New York and the other in London, 
talked freely and easily to each other, and their remarks 
were heard by hundred of people gathered in the audi¬ 
toriums in both cities as readily as if all the speakers 
were on the same platform, 

A new era in the communication art was thus inaugu¬ 
rated during the Winter Convention of the American 
Institute of Electrical Engineers at which a joint session 
with the British Institution of Electrical Engineers was 
held. The occasion marks an important milestone in 
the,history of engineering achievements, and adds 
further luster to the already brilliant accomplishments 
in’the records of the participating societies. (A full 
account of this meeting appears elsewhere in this issue,) 

It was not without a feeling of awe that the New 
York audience awaited the salutation of the Chairman, 
3000 miles away, hut the messages came from across 
the ocean so promptly, clearly and naturally that the 
novelty of the demonstration would hardly have been 
recognized if the locations of the speakers had not been 
known. 


Whereas: This extraordinary demonstration, the first of its 
kind in history, was successfully accomplished only by . the 
perfectly concerted^efforts, not only of tko American Telephone 
and Telegraph Company and the British Po^ but also 1 

of all of the individuals concerned in its preparation; therefore 
it is # 

Resolved: That the Board of Directors of the American^ 
Institute of Electrical Engineers, on behalf of those members and 
guests whose privilege it was to attend the Joint Meeting, and 
also on behalf of the entire membership of the Institute,'hereby * 
expresses its thanks and its recognition of the efficiency, pliblku 
spirit, and high technical achievement of these cooperating 
organizations as evidenced by tins event; and especially extends 
its thanks and congratulations to the many technical assistants 
and workers without whose intelligent and faitliful labors this* 
proof of advance in applied science would have been impossible/ 


Engineering , 

Education , • , 

A publication that will be of gresst Interest to both 
practising engineers and engineering educators • was 
issued in December 1927 by the Board of Investigation 
and Coordination of the Society for the Promotion of 
Engineering Education as Bulletin No. 13, entitled 
“Opinions of Professional Engineers Concerning Educa¬ 
tional Policies and Practises.” 

As an important part-of the general investigation of 
engineering education, special inquiries were made 
among a considerable number of the more influential 
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It is particularly gratifying and appropriate that these 

two great engineering societies, separated by the vast en gj neers w ho are members of the national societies , 
expanse of the Atlantic Ocean but bound together by the colTespon( jing to the five principal divisions of engineer-' • • 
common ties of advancement of science,^invention and ing e( j uca tion. The lists of members used were chosen _ 
engineering in the field of electricity for the good of after consu it a tion with the special committees, and 
mankind, should be the first to come together m this secretaries of the societies, and the societies cooperated * 
new form of international assembly, made^ possible conc i uc ting the inquiries. . _ 

through the developments in one of the branches a our resu its of a complete detailed analysis of nearly ^ 

own profession. HOO returns, including those from 271 prominent 

The deep significance and far-reaching importance ' e ] eetr i ca [ engineers, are presented in this Bulletin, 
of this meeting were reflected in the eloquent remarks p ar t s jj > and III relate to engineering education in 
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The following T ,- + 

by the Board of Directors of the Institute. 

WnmnmAS ■ On February sixteenth, 1928, there was held 

/neach^ofthrfive principal divisions of engiheeri^ 

eight Victoria Funbankmeut, London, iTthe Engineer- education and selected comments submitted by engL||^||,;>• 

can Institute of Me°tnoal Engi s jj during which-ali of the neers of each group. / • 

e«Sneem-are 

25* should not be sharply MmtM* 
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^divisions, and that the broad base of the curriculum much, work from his designs on trolleys and electric - <J 

tdV* miirl A -»vinl , hA 4 vin-l*]/iM U Vi rvl 1 nh 1 A ttt! v> /-V «nl 1 n-A\<r. J -I» ___ /“I „ ... nu l k u !' 



^^^^fl^inesalaw;^ The majority opinion is that economics in this field. About this time he was granted several 
emphasized but should be taught in engineer- patents on trolley devices and other supplies which 
^ ian separately. Only a small later proved their worth in this -field of application. 
*^^||:^,^^^hOri^||iypred;distinct curricula in certain divisions Next he went to Buffalo to become electrical engi- 
L • ‘ of electrical engineering. A larger influence in engineer- neer for th$ Buffalo Railway Company, but went on 

^ / ing education by the national societieewas favored by almost immediately to Chicago as district engineer for 

• many. • the: Eidison .General Electric Company, .just formed. 

. * . , Copies of Bulletin No. 13 may be obtained from the In 1892, this company transferred him to their New 

if;; 1 r ; * • Lari caster Press, Lancaster, Pennsylvania, aka nominal York Office and started him in as engineer in charge of 

j y-i • Titles and prices of previous the Foreign Department, later, again transfering 

5 * bulletins and reports published by the Board of Investi- him to the Lighting Department, where his most 

pliL’i* rgatioh aM^^li^i^mayLefbund in the Journal important professional work was begun. In was in 
i? • • for January 1927, page 83, and September 1927, 1900 that Mr. Emmet started his work in the develop- 
fcv;: * page858. merit on the Curtis steam turbine, and in 1902 the first 


. ‘ ’Some Leaders great success. Three months later this was followed 

■ppi v. • of the A. I. E. E. ; hy a four-stage 3000-kw. machine which gave much 

W&WM william LeRoy Emmet, vice-president of the Instf- greater S«»W and really put U» tart.be operations 
tesl'ni- State MOO-1902, was born at Pelham, New York, «P™ a Arm Wand by the end of the year, ^the-Brat 
teliiKSiSjnly -10, 1869. In 1881 he was graduated from and famous 6000-kw.machine was.netted.n Chicago. 
teMIfySrHi* -fKkiTTt a xr^ xt soon became of worldwide fame. Mr. Emmet was 


ment on the Curtis steam turbine, and in 1902 the first 
500-kw. machine was installed in Newport, R. I. with 
great success. Three months later this was followed 
t>y a four-stage 3000-kw. machine which gave much 
greater economy and really put the turbine operations 


B , July ’10,* 1859. In 1881 he was 

* ' the 17. S. Naval Anarlpmv and remf 


mastery of obstacles that appeared to lie between ^itiatedthe^ 

• engineering theory and its practical application. In ™^boats in Chicago, and in 1909 the first 

this endeavor, he showed tenacity and fearlessness, Proposition was made to the United States Government 

gmcKUmr for the operation of battleships. Of his work in the 


. him to weather discouragement. Apparent failure in e friy development of a-c. generators, Mr Emmet once 
nrincinle orilv led Mr. Emmet to studv details, for in the 3 _ a ^ ed that his greatest difficulty was the hunting of 


fullness of this knowledge he felt confident that ho coul d 1 ® rnators 0 P® ndedia P ara j lel by reciprocating engines. 

. perfect the fundamentals. In the analysis of a situa- ^ 11S m ^ ie e , ec *' n ^ a apparatus he 

. «* *xi. __i__ ti/ r.. "m___• i traced, to the enfifine sfovernora. but with a fftw pJinnapst 


principle only led Mr. Emmet to study details, for in the 
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• * tiorii either mechanical or human, Mr, Emmet was a en si ne governors, but with a few changes 

, master worker. ;■ which he suggested in the design, the trouble was 

»TTi« woe iinfirimr Bnomnriand /Hiinemia nt o-nriHind+iftTi speedily oyercome. The first successful operation of. 
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In 1887 he joined the Sprague Electric Company/ the EdisonM|dd ? for his invention and development 
coping with electric railroad developments in. °| e J eC ^ 1Ca a PP aratua and pnme movers/' 
mynd, Va., Harrisburg, and other cities through- ¥?. has over a hundred patents on electrical 

the country. In 1889 he was sent to Pittsburgh and kradred a PP aratus to h,s credlt: - He is a member of 
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Surge Impulse Breakdown of Air 


BY J. J. TOROK* 

Associate, A. I. E, E, 


Synopsis ♦ —'This paper dcscnbcs a phenomenon which is used 
as a mct)iod of studying, the development of high-voltage sparkover. 
11 has been found that if a vollago which rises very rapidly to a value 
more than sufficient to cause breakdown , if continuously applied t is 
impressed upon a sphcrc~gap and this is very quickly reduced to a 
low value ., luminous streamers arc produced instead of the usual 
intense spark*, 'These streamers can be observed with the eye and 
can bo recorded on a photographic plate hy the use of a quartz lens. 

The phenomenon described and recorded is of intense interest 


because it presents the intermediate stages between the initiation of 
and the actual flashover between the spheres. 

The effect on time lag of flashover , with special reference to the slate^ 
of ionization of the gas previous to flashover , is also discussed. * * 

Beside giving information on the mechanism of development of 
sparkover ) this method of “suppressed discharge ” has been usedlio 
determine the nature of the electroslalic field ab#ul initiators and 
between electrodes of various shapes. 


* * 

S EVERAL attempts have been made to extend the sequently, the voltage impressed on G 3 rose very steeply- ( 
theory of ionization by collision, as developed by and then dropped very sharply as a result of the reflec- ^ 
Townsend, 6 to account for the time lag of sparks, tion at the end of the line. Under these conditions, 
None has been successful in accounting for time lags when trying to measure the crest of the voltage with a 
of a shorter period than 10~ 7 seconds, which experi- 75-cm. sphere-gap at (? 3 , a glow, instead of a spare,.. 
menters such as Pedersen, 8 Peek 0 and Burawoy 10 find to 

exist at atmospheric pressures and large gap lengths. , ___ 

Fop the study of impulse characteristics, etc. —|—, 

.For the study of,impulse characteristics of gaps and ^s==t > 1 , • 

other apparatus, it is necessary to have a controllable XV R < Q fi > - ■ ?> ' "— I 

source, of high-voltage impulses. Surges are usually —t > L) !• v 

produced artificially by discharging condensers through | 

a resistance by means of a sphere-gap. The voltage > 1 ---—— 

piles up across the resistance which gradually discharges S 

the condenser. The discharge may be a damped Fiq. l—D iagram for -Using Transmission Line 

’oscillation or a d-c. impulse, depending upon the value 

of the constants of the circuit. A surge generator of ap req j y je t W een the two spheres. This phenomenon 
this nature, which the author used m studying time showed bliat ’the voltage was reduced so quickly tow 
lags of sparks, was fully described by D. F. Miner. negligible value after ionization began that a complete 

Visual Evidence op Time Lag spark was prevented from forming. 

The study of time lag demands a knowledge of wave Improvement over Transmission Line . 

f orm of the impulse obtained from the Surge generator. The voltage wave impressed upon the sphere-gap 
While attempting to determine the wave front of was t ] ien 0 f the nature shown in Fig. 2. The ionization ^ 
steep waves by reflection methods, the author noticed , V: ^ 

thalf occasionally a glow resembling a corona discharge . ’V .V.' __ 

occurred between the 75-cm. spheres used as n piea- ; V - - . 

suring gap. It has been generally accepted in low- ... /, . • • 

frequency work that the sphere-gap flashover takes A . 

place witiiout the initial corona formation that precedes | / \ , ...| 

P a n 0 m n fwimver The observance of this glow / \ ’ * ^ 

'?V. - / . f; || 

W m^PMn’c°ecenerator was connected directly to a trans- ! A \J_' i ? i: v 

mWon Une.5ft.tu™ *” 

the hrfe was gi ' wh^n thewave ! x Wnm . 
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discharge led to a special sruuy w ww XX \ /"V 

which it occurred. . , f it r p n t-i v to a trans- / __ 
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au* between the spheres would be sufficiently ionized 
to cause a luminous glow. Since the wave shape 
obtained in this way had such a flat top, conditions were 
quite critical and therefore any slight overvoltage or 
decrease in the spacing of the spheres caused a complete 
breakdown, while if the voltage did not quite come up 
to that for' which the spheres were set, no luminous 
’ discharge would occur at all. A less critical arrange¬ 
ment was found by using a second sphere-gap, G 4 Pig. 3, 



Fio, 3 —Method for Utilizing Sphere-Gap Instead <Jf 
Transmission Line 

* t 

Instead of the .grounded transmission line. This 
circyit Was a great improvement over the original 
one, as it Vas much more flexible. By varying the 
setting of the second sphere-gap G.„ it was possible to 
obtain a photograph of the discharge in the first gap 
Gz in any stage of its development. The second sphere- 
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• '7 Fia. 4—A Typical Suppressed Discharge in which Cathode 

7 : :’;j7v;' 7:77 7 : : ; j7* is Grounded 

e Fio. 5— Suppressed Discharge with Anode Grounded 

gap reduced the voltage to a negligible value much more 

rapidly than was, possible With the; transmission luie 

where the wave front was the controlling factor. An 

exarrmlfl of n Hisnhflroro anmoc -bUn _ 


bridge a 40-cm. gap was obtained. This time, using 
75-cm. spheres, was'found to be of the order of 10~ 8 
seconds. The wave used had a rate of rise of approxi¬ 
mately 6000 kv. per microsecond. Thus, knowing the 
sphere-gap settings (and their corresponding static 
sparkover voltages) at which suppressed discharges 
first appear and the maximum separation at which 
complete sparkover is obtained, the time elapsing 
between th§ two periods can easily be found. 

Suppressed Discharge's 

Discharges of'the nature shown in Fig. 4, or “sup¬ 
pressed discharges” as they might be terpied, give 
much information concerning the process of breakdown. 
The .bright streamers on the ungrounded positive 
sphere in Fig. 4 span only a portion of the distance 
between the spheres. The rest of the gap is bridged by 
a light purple haze. Differences in intensities of lumi¬ 
nosity of various portions of the field indicate, in a rough 
way, that the state of ionization is hot uniform through¬ 
-out. It is probable that the bright anode streamers 
have already the properties of arcs, 13 while the haze 
extending from the ends of the streamers to the cathode 
is still a glow discharge. Evidently, then, the break- 
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a fair conception of the time required for a streai 
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streamer to 


Fig. 6—Formation of Streamers in Space Between 
Electrodes 

down starts at the most intense portion of the field ' 
(assuming a uniform density of free electrons through¬ 
out the field) and progresses into the field until it meets 
a streamer developing from the electrode of opposite 
polarity. In the case of sphere-gaps, when one sphere 
is grounded, the gradient at the surface of the un¬ 
grounded sphere is much higher than the gradient on 
the grounded sphere. This fact is clearly illustrated 
by Figs. 4 and 5. In Fig. 4 the cathode is grounded, 
while in Fig. 6, the anode is grounded. The streamers 
on the grounded sphere have developed but little, 
showing a weak field at that point. These figures 
indicate rather clearly that a spark develops from a 
dark current to a glow discharge which in turn assumes 
the properties of an arc at points where the current 
densities are highest. 

Suppressed discharges have been obtained on gaps 
varying from 0.25-cm. to 76-cm. spacing. 6.26-cm. 
spheres were used for voltages ranging. B$low -100 kv. 
crest, then fpr potential ranging between ILOO-kv, and 
600 kv., 50-cm. spheres were utilized; For all voltages 
above 500 kv., 76-cm. sphered were ' used. While 
observing these discharge's^ small springs, (0.26 cm. ; 
to 2-cm.), several discharges,occurred' which had their 
intense streamers in the center with a'faint glow ex¬ 
tending from both ends to the electees. Fig. 6 
illustrates this phenomenon, ■ 
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This type of discharge was obtained only after several 
lower-voltage surges, not resulting in breakdown of the 
air, were impressed on the spheres. Several explana¬ 
tions for the phenomenon were considered, the following 
two* Being the most logical; first, that the location of 
the first streamer is a matter of probability, and the 
resulting variability in its location becomes more 
marked as the initial number of free elections in the 
field diminishes; second, that a current of air carries 
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Eki, 7— Electrodes Used' to Obtain Homogeneous Pield 

out the air ionized by application of voltage below the* 
breakdown value, replacing it with air containing the 
normal number of free electrons. The surface friction 
prevented the air next to the electrodes from being 
swept out. When a surge of higher amplitude than the 
rest was applied, the air in the center of the gap became 
ionized to a higher degree than that at the surface, 
due to the greater initial number of free electrons at 
that point. ’ .As ionization progressed, a streamer 
formed 7 in the center, but before it could reach either 
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-SciTE.MB FOR DE-IONISUNG AlU BETWEEN SPHERES BY 

Condenser Potential , 


higher density of free ions near the surface, the prob¬ 
ability of the arc originating at the center would be 
much- less. When however, electrode of the type 
shown in Fig. 7 was Used, the phenomenon occurred 
3 out of 10 times, the gradient throughout the field 
being more nearly homogeneous than with spheres, 
which gives the probability theory more weight. . 

The Effect of Varying the Initial Density ' •" 

* of Ions • 1 

The original number of ions in the field can be varied 
by two means,—controlling a source of ionization and , * 
by drawing the free ions out of the field. The latter, • 
can be effected by impressing a constant voltage below 
breakdown value on the electrodes. In applying the / 
first method, soft X-rays were used to ionize the field. • 
The set-up used is shown schematically in Fig. 8.* * 
Gaps Gz and G 4 had a constant potential impressed 
upon them, which in this case is always the condenser • 
charging potential E. When Gi broke down the two * ’ r , 
banks of condensers were thrown in series, impressing 
2 Eon gaps G 2 , G s , and G 4 . In this manner, surges were 
applied to sphere-gaps which were constantly ejccited. 
Under these conditions the number of ions in.the fiekk 
just before breakdown was reduced, to a very small 
quantity. G 3 was set slightly above the ^breakdown ^ 
value of Gi so that Gi would break down before G s . 

G 4 was used to measure the voltage and, under suitable 
conditions, would show suppressed discharges appearing 
across G 3 . The results of this test are tabulated in 
Table I. Under these conditions, suppressed discharge 
at G 4 could rarely be obtained, and even then, the glow 
at the ends .bf the streamers was very faint. The 
maximum voltage indicated by G 4 was 66 kv. X-iays^ 
were directed on G 4 Fig. 8 to increase the ionization . 
in the gap. Now, however, the spacing in G 4 has to be,, , 
increased to 3.18 cm. before complete breakdown ceased. 

This setting corresponds to 81 kv. Suppressed dis- * 
charge appeared up to a separation of 3.8 cm. or cv. , 
The glow at the tips of the streamers was now very 



electrode, the voltage was reduced by the suppressing 

^Should the second explanation be correct, it would 
mean that the breakdown, (at least with very steep 
surges and normally ionized field), is not pro( J uced .^ 
electrons traversing the entire field but that >**£**£ 
of the field is ionized separately by the local 10 ns, 
these sections being joined together as the streamei 

pr S? s ^' th ? .’SZTaS- 
xrr s r ft * 

nMUf-v The highest gradient is at the suriac 


TABLE I 


Conditions 


Excited 
No X-rays. 


Excited 
X-rays on G 4 


G 1 


Sop. 

in. 

cm. 


1.08 


1.68 


Kv. 


Sop. 

in 

cm. 


50 


60 


G$ 


ICv. 


Sop. 

in 

cm. 


1.0 


1.9 


57 


57 


(?4 


2.33 


3.18 

3.8 


Kv. i 


66 


8V 
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Complete flaslioyer 
ou Gi ceased at 
2.33-cm. spacing ,|; 

nnd suppressed dis¬ 
charge occurred 
very seldom aloova:. 
thatvidiie* 
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Fig, 10 


Fig, 11 


Fig, 12 


Figs. 12, 13, 14, 15—Successive Stages of Breakdown of Air 

12. Early si ago 

13 . Secondary stage 

14. Space almost spawned by streamers 
16. Complete discharge 


pronounced. These two tests indicate rather strongly 
that *the # time lag of sphere-gaps is a function of the 
number of ions^iu. the field when the surge is applied. 
The,pro)hinence of the glow at the ends of the streamers 
in the case t)f previously ionized gaps, together with the 


Figs. 9, 10,11,12 were selected from a large number 
of tests as representing progress *of .breakdown from, 
initial streamer formation to arc-over. 

One application of the suppressed discharge which 
has proved useful in engineering work is shown in Figs. 
13 and 14. A picture of the electrostatic field sur¬ 
rounding an insulator string at the time of impulse 
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proved, A flashover clear of the string wi]l result from 4. E, Warburg, Sitzungsber, d. k. pr. Akad , d, Wins. zu 
this field . * \ Berlin , p. 223-236,1896 (1): b) 1897, p. 128-136. (1) Wied, Ann. 

The writer wishes to express his appreciation to * 1897 ’ DM pl *”• 

Dr, J. *Slepiari for many suggestions and comments, 5 ’ J. S. Townsend, Electricity in Gases, Oxford,,1015. 
which have been of great assistance in carrvinor nn this -- , . .. , ~ — 


which have been of great assistance in carrying on this 
work apd in preparing this paper; also to Messrs. 
Fortescue and Tenney for their valuable criticisms. 
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Thermal Volume Meter 

BY G. W. PENNEY 1 and C. J. FEGHHEIMER 1 


Synopsis.—The thermal volume meter was originally brought 
out by Professor Thomas, and is frequently called a “Thomas 
Meier," The principle is that the temperature of the gas is raised 
by,means of an electric Jicater, the change in temperature being 
accurately measured either by means of resistance thermometers 
connected in a wheastone.bridge network, or by means of a thermopile. 
It is believed that the thermocouple method- is preferable to resistance 
thermometers, and most of the paper deals i villi that construction. 

The usual construction has walls of wood or micarta which 
serve as an insulating supportfor the heater coils and thermocouples. 
The paper deals with the general proportions of the volume meter as 
to section and length, the former being determined mainly by the 
mean velocity of the air, and the latter by the distance needed to give 
the gas an opportunity to mix after passing the healer. A sufficient 
number of thermocouples is required to give a good reading of the 
potentiometer with a comparatively low temperature rise of the gas 
and also to obtain a good average of the gas temperature. The 


m 


6. J. S. Townsend, Electricity in Gases, p. 338. 

7 ^ J. 8. Townsend, Electricity in Gases, p. 261. 

8. Pedersen, Ann . d. Phys . 4th Series, Vbl. 71,.p. 317. 

9. F. W. Peek, Jr., Dielectric Phenomena in High Voltage 

Engineering, 1915. ^ * 

10. O. Burawoy, Archiv. fur Elcklratechnik, XVI Baud, 14 
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, lx, yf. Rogowski, Archiv fur Eleklrotechnik^ Aug. <25, 1926. 
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a. The non-uniform heating of the gas . 

* &. A Ton-uniform distribution of ifelacilies, 
c, 11 eat escapement, % • 

Methods are suggested for determining the magnitude of these 
experimentally or by calculation. There are several minor source » 
of error, such as: * . 

j(, Time lag of meter* \ * 

2. Unsteady source of e. m. f. 

S, Instrument errors. 

4. II eat flow along thermocouple wires, 

5. Loss of pressure in passing through the meter. 

6. Variation of specific heat ayid humidity. , 

Most of these arc shown to be of negligible effect. 

Some notes on design are givgji, which include mean* of calculating 

the proportions of the healer. ; : : ^ ■ , 

In Appendix 1 the advantages and disadvantages of various 
methods of measuring gas volumes are included. In Appendix IJ 
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and also to obtain a good average of the gas temperature. * ^ ^ ^ compaHson of resistance thermometers , 

details of construction are described. Equations suitable for colon U Usfor lBmr>cralurc measurement. In Appendix III , . , 

luting the volumes of the gas are then given. . consideration is given to the electrical machine as a thermal volume 

Then follows considerable discussion on the possible sources of ” ercul f • /■.$?; 1 

error in the meter, the principal ones being: . ^ .• . •. / ■ ' , * \ 

very small: so that the resistance to flow is very slight _ 

1 . Induction - ■ ... V ^e thermal volume ntttorw “«triugM out by . . J 

T HERE are many ways of measuring the volyme o .p^. Car i Thomas, and is frequently called a . 

flow of gases, each having advantages gnddis- Meter< «, i * *. .. . 

advantages. The more important of %ese ^ ^ o{ ^ration of the instrument is that 

methods are given in Appendix I, togetiier wi ^eas the tein p era ture of the gas is raised, ce '' 

whv they are not generally well adapted for Jae mea . d the amount, of heat required to pKXfH 

air votamo pa#«g: 

SepSSal objection is that the pressm-chop ^ ^ J determined) the mass of fhe^flowmgper , 

v . . •iu. i Mk ft,;. East Pitts- In oractise, the gas is heated eleccnca^ 
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placed before and after the heater, and used as two arms 
J of a Wheatstone bridge; and (2), by means of thermo¬ 
couples connected ih seines (frequently called a thermo¬ 
pile). A comparison of these two methods of tempera¬ 
ture rise measurements is given in the complete paper. 1 
It is believed that the latter method, using thermo¬ 
couples, is preferable. The following description per¬ 
tains to that type. 

' In this paper the experiences of the authors and their 
g| co-cvorkers at the Westinghouse Company are given; 
•*' there is*v^ry little in the technical literatui’e on the 
subject with which to compare. . 

Some of, the material in this paper has appeared else- 
Vhere^ but as it is scattered, it was thought best to .com¬ 
bine it with that which has not previously been published. 

•2. Construction of the Thermal Volume Meter 
* As electrical conductors are used for the heater and for 
the temperature measuring devices, the construction'is 
’ .simplified by the use of electrical insulator material 
for the walls. This has an additional advantage, since 
an electrical insulator is usually a poor heat conductor, 
and to secure accuracy, it is essential that escapement 
of heal* from the outside be avoided. In all but the 
smallest sizes, pine or maple wood has been used; and 
for the snjaller siads, such as is shown in Fig. 1, micarta 
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Fig, 1 shows a small meter, with one side removed 
for inspection. Its inside dimensions are 3 Yi in. by 
3 1 /2 in. by *18 in,, and it is suitable for handling from 
60 to 300 cu. ft. per min. approximately. ■ ’ 

The heating element usually consjsts of coils of wire, 
wound like coil springs and stretched across thq volume 
meter. Screw eyes are used for holding the coils in 
place, but in order to secure uniform heat distribution, 
the screw eyes must hold the coils very close to the 


Constant Wire [his Side r 

Fig. 3—Wiring Diagram of a Volume Meter 

walls. The wire of which the heater is formed should 
not he passed through a thick wooden wall,, as this 
portion of the wire would then have very poor heat 
dissipation and might reach a temperature sufficient 
to set the wood on fire. A brass bolt is frequently 
used as a terminal for carrying the current through the 
wall to the heater, and the heater should be large enough 
to allow a small temperature rise. Ordinarily this has 
been limited to a 50 deg. cent, rise in order to have a 
negligible? amount of heat radiated to the walls and 
thermocouples. The distance between the heater 

coils and the thermocouple junctions depends largely 

upon how far the gas must flow to mix fairly well; 
it has been the authors’ practise to make that distance 
at least as great as the mean proportion of the two 
cross-sectional dimensions for the large meters, and 
about two or three times as great for the smaller meters. 
The number of thermocouples used has never been 
less than 16, and usually the number is more. With a 
large number of thermocouples, a good average of the 
temperature increase of the air is obtained and a 
fairly high reading of the potentiometer is secured. 
Thus, with 40smicrovolts per deg. per couple, and with 
25 couples, a reading of 2 millivolts is obtained with 
only 2-deg. cent, increase in air temperature.’ In 
arranging the locations of the thermocotiple junctions, 
the rectangular area is broken into as many equal 
squares as there are thermocouples, and a junction is 
placed in each square. .The scheme of connections 
is shown in Jig. 3, where; for simplicity, two thermo¬ 
couples are jihown. The junctions are usually made by 
slightly overlapping the wires, and then, silver soldered; 
or # in larger meters, they may be made by’twisting the 
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wires and then soft soldering. It is important that the 
thermocouples placed in the cool stream be at' the 
same distance .from the heater as those in the warmed 
gas. ‘Otherwise, heat radiation will play its part 
unequally, thereby, introducing a large error, even 
when the heater coils are at a comparatively low tem¬ 
perature. In dry weather, static electricity, has been 
known, to affect the reading of the potentiometer, and 
it is well then to ground one of the thermopile leads. 

3. Equations for Computing Volumes 
It may be shown readily that 

„ 0.03166 W 

Q - 


• : j 

• /• ” 

IfSi 


.4, Possible Sources of Error 


yC„ 6 


( 1 ) 


Here Q 

y 

c v 

w. 

0 


cu. ft. per min. of the gas. 
density in pounds per cu. ft. 
specific heat at constant pressure, 
watts absorbed by the gas. 
temperature rise of the gas. 

■For dry air, the density at 26 deg. cent, and 29.92 
in. of mercury may be taken as 0.074, and the specific 
heat as 0.2418. Then for such conditions, 

W 

‘ Q - 1.765 -y- 


( 2 ) 


For any .other than standard conditions, 
perfect gas may be used, so that then: 


the law of a 


/ 273 + t \ 
Q - 1.765 \ 2 73 + 26' 


29.92 

P 


W_ 

6 


( 273 + t \ 
0.177 ^ p J 


0 


(3) 


Here, l is the temperature of the air, deg. cent., and 
P is the total pressure in inches of mercury. 2 The 
influence of humidity is so small that it may well be 
neglected. The order of error is discussed under 
"Sources of Error." , 

If Jt) microvolts per deg. from a calibration curve 
of the thermocouples, n - number of pairs of junctions, 
and c - reading of potentiometer in millivolts. 


0 — 1000 


n E 


Substituting this value in Eq. (3) and adding the cor¬ 
rection for variation from standard temperature and 


pressure gives 

Q 


0*177 n'E'W 

~~ TloSOe 


(273 +4) 
P 


cu. ft. of air per min 


9 TTwill readily be seen that the volume per unit time,, 

at ; arious locat,ons T 

so ehi all ae to W negligible. *« : , 


The principal sources of error arfe (A) non-uniform 
heating of the gas; (B) non-uniform distribution of 
the gas; and (C) heat escapement. 

A. Non Uniform Beating of the. Gas. This has 
previously been mentioned. To discuss' this, it is 
assumed that the velocities are uniform throughout-the * 
section. It is manifestly impossible to secure uniform ' < 

distribution of loss in the heater coils, for in order to do 
this it would mean that the heater would Mver the 
entire section. By making the volume meter fairly , 
long the gas has more of a chance to mix after it has 
passed the heater. It is believed that the heater coils* 
tend to produce some turbulence in the gas stream, 
which assists in mixing the gas. Then, by employing ‘ . 

a large number of thermocouples, the error becomes* , 
practically negligible. In some of the tests, the e. m. f. 
per thermocouple was measured, which was easily . 
done by removing the insulation from the joints of the>* * 
series connections on one side of the meter, and!(then; 
using a sensitive potentiometer and galvanometer for 
balancing. It was usually found that there was .con¬ 
siderable variation in e. m. f. per couple, but with a 
large number of couples, the average qf the readings was’ - 
so close to the true average that the* error Was yery 
small. For example, the volume meter shovfti in Fig. 1, * 

with 20 thermocouples, was checked against a con¬ 
verging nozzle, designed in accordance with data in 
the paper by Dr. S. A. Moss. 3 In three sets of readings, 
in which the air was heated 3 deg. to 6.8 deg., *the 
difference, between the nozzle and volume meter 
readings were- +0.4,—0.8, and —1.5 per cent, the plus 
sign meaning that the volume meter read high. Yet 
readings of individual thermocouples varied from’ 
0.040 to 0.106 millivolts, with an average of 0.0827, , ,’ 
millivolts, thus showing 51.5 per cent below, and 27 
per cent above the mean.* In this case, the velocity* 
distribution was very good, the error due thereto being , 
probably less than 0.3 per cent. • 

B. Non-Uniform Velocity- In the for^ojng where 
non-uniform heating was considered, it was assumed that , 
the velocities were uniform throughput the In 

general, that condition cannot be obtained, but it can 
be approached close enough to reduce the error due 
thereto to negligible magnitude. The effect flf non- 
uniform velocities is different from non-uniform 
heating. Thus, assuming uniform heat distribution, 
the temperature increase of the gas as it passes i 
through the heater coil is nearly inversely as the 
velocity. On the other hand, if the velocities are 
uniform, the temperature increase is directly pro¬ 
portional to the heat per unit of area. It is becauseof| * 
the reciprocal relation, with velocities that great dej 
partures from uniformity should be corrected. In some 
of thei earlier tests, it was fbhtwl that the air m some 
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small areas actually moved in the reverse directions be provided Such as \s shown in Pig. 6. It should be 
to the main air streams. Then the cool and warm especially noted that an obstruction, or sudden bend, i| 
thermocouple junctions were reversed, and a very large within, or just head of, the meter may* produce very ^ I 

ormr utrac T-f- -5« v«/v4. _ _i » i* . *t .* i i 1 i t • i . '.%{$ 
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error was introduced. It is not essential that the^ poor velocity distribution, and should be avoided, 
velocities be uniform, but the departures should not A fairly long straight duct ahead of the volume meter 
cause the errors in measurement to be more than about will usually give a satisfactory velocity distribution, 
^pne per .cent, Then there may be considerably greater C. Heat Escapement. To secure accurate measujre* 
^ irregularities than for, say, pitot tube measurements. men ts, all of the heat generated'in the heating coils 
* t le sectional area of the duct be broken into a mus t be absorbed by the gas passing through the meter, 
l Sm * • u . e( I u al areas, thrftugh any one of and th e heat loss from the walls must be of no conse- 
^ , W *| IC .,. . e , v * Clty is considered^ uniform, and those quence. Inu moderate sized meter with walls of wood 

, velocities he assumed Jo obtain Chroughout the length wh ich has a low dermal conductivity and with slight 
e vo ume meter, then the r^tio of the volume that differences between internal and external temperatures, 
mmmm would be measured were the velocities uniform to the the loss of heat from the surface is usually negligible. 

But m small meters having perimeters that are large in. 
relation to the .cross-sectional areas and with walls of 
thin micarta, the heat loss from the surface may intro- 
(9) duce a serious error, especially-if heated air is being 


>4 


mtSfltK-'. : -..^volume that is.measured, is given by 4 

( z x) 

' -tj™ 7 / • , u , . ,, „ , . passed through the meter. This error may be made 

. * * * Here, 7 is the velocity in the small section, and n is aegli^ble by covering the meter with several layers of 
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cork board. 

Minor Sources of Error. • . 

a. Time Lag of Meter. . 

In any thermal device, time is required to reach a 
steady state of temperature. Unlike most devices, this 

J ♦ 11 * . I - . - : _ • 


u - —-— ~ u^cinavtl» 

In the larger volume meters the thermocouple e, m, f. 
can be read in less than a minute after the' current value 
is fixed, while in a very small meter it has been found 
necessary to wait more than 10 min. This might not be 
objectionable if all other conditions were constant but 
with a fluctuating room temperature (e, g., in a room 
with a door opening to -the outside), or with a slightlv 
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time lag in the meter may make it almost impossible 
3RS to obtain accurate readings. ^ ' 
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Automatic Control of Edison Systems 

As Applied in the St. Charles Street Substation of the Union 
Electric Light and Power Company 


BY 0. J. ROTTY* < 

% Associate, A. I. E. E. 

Synopsis.—A brief description of ike Bdison • System at SL 
Louis is given, (Cnd power supply, service restoration, and system 
balance are discussed, , , 

The relation of the SL Charles SL Substation to the remainder of 
the system pointed out and certain features of its design explained . 
The scheme of loading the machines and the method of load shifting 
between machines is given in detail, The distinctive features of the 


md E. L. HOUGHf ’ • 

Associate, A, I. E, E. . * 

various types of'machines at this station are discussed, particular 
attention being give)i to the control of the converter with transformer ( 
taps and high-voltage revolving field booster, Wte scfiemc of auto¬ 
matically changing laps sunder load is described fully, A brief 
summary of the protective features on this machine is also givens 
The operating experience with the automatic equipment at tJ ffc 
St. Charles St, Station is related. 


Introduction felt that the improved reliability of the a-c. supply, * 

E DISON d-c. systems in large cities have been the together with the use of 

I result of natural growth and in many cases have for service restoration, made the batteries unnecessary. . 
.Xhed\neh a si/e that their replacement wouM Motor-generator sets are relied upon for service restore 

r? H SSS5S 

from an engineering standpoint. Since, to many a oonsuuaaow ^ & 8 . • ; 

comnanios, the operation of Edison systems is a big ® nig. 1 u + 

nroblffln. it was fait that a description of the manner of Of the total system capacity, 36,600 kw.,.somewhat 
CKS Edison system in St. Louis and the in excess of 50 per cent, K m motor-genewtors. This 
results obtained would be of interest. In redesigning 

. ii v . — a nAnf vnl 1 o/1 msv- , 


wm 

iis‘11 



; ,, ■ • 

tf; '■'>;] $$$' \ I 


. 


I QSUHH UUUUUUU YVUUiU uc ul mtvi WV. ****** -O-O • • _ w&a, 

this system";’the use of automatically controlled ma- I 

chines was thoroughly studied and tried out, and in this 
paper particular emphasis is laid upon the application 
of automatic control to the St. Charles Street Sub¬ 
station, Fig. 1, which is the largest Edison station and 
representative of the latest design of equipments. 

The Edison System 

■ The 250-volt Edison district of the Union Electric 
Light and Power Company covers aft area approxi¬ 
mately one mile wide by 1% mi. long, and |t {)res^ 
attains a peak load of approximate^ _32,00Q kw. 

The district is supplied from eight sub|p.tioap, a|l but ■ , . . « 

two of which are entirely automatic. , . pig. l—<J bnerau View of St. Charms St. Station ntbbiob , ... . 

r i’he a-c. power supply to the stations is derived, from . « • _ : i 

two separate and distinct systems. Five of the stations mea n^ that in the event of a complete Edison system * £.|f 

are supplied at 60 cycles and three at 25 cycles, with qu the mo tor-generators will come m firstand d; rr. ;ii 

approximately 60 per cent of the total capacity at each ^ of sufflcie nt capacity to raise the vOltage r ■ 
frwmencv each system being fed by two plants; so that v metW above 50 per. cent. At this point, 
the^ Edison. stations receive power at two frequencies converters will "come in” and further raise the w ag^, ■ 

and from two plants at each frequency. being followed by the other converters the sy 

No stand-by batteries are maintained on the 250- ^ thejr lower derating limit. - 

»«».««w nt tlee. Winter Conventionof-the A> ,*•,£>• running.during tne nigxiL t 
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The St. Charles Street Substation applied at the Eighth Street Substation by the com- 

The St. Charles Street Substation always lias been pany's operating engineers. The application in this 
the largest Edison station and being very close to the case was simply an extension of the original scheme. 

' IaO /4 nAMprtH l-t- V\f\n 1~ M >... __ _1 J1 __ _1 1 11 ^ 

Starting, Stopping, and Loading Sequence ' 
During normal light-load conditions, thetap-cfyangihg 
booster-type rotary converter, (machine No. 8), 
supplies the entire station load. T f he station voltage is 
controlled by. the voltage regulating relay No. 58, which 
is governed By potential from a pressure wire bus, so 
that it tends to hold the net-work potential constant 
within its area. The bus voltage, therefore, varies in 


load center, it has always been considered a base load 
station. In 1925 everyone of the manual machines at St. 

Charles Street, with one exception, was reaching 
the end of its life and it was necessary-that they 
Be replaced. There was no question of whether the 
new machines should be manually or automatically 
.controlled, for, aside from the apparent saving in 
mmr Operating* expenses, the experience with automatic .... , 

. substations had demonstrated their ability to withstand Wltlin lts The bus volt 
disturbances, their greater speed in service accordance with load conditions, 
restoration and their superior voltage regulation. 

shows a one-line diagram of the station. It 


Aux.Pmi Trans. 
6600/220 Volt 
lOOKva.3 ft 



.. .. . . . . ....... t , .. 

Piq. ’ 2 One-Line Diagram op fjjT. Charles St. Substation 


When the load on converter No. 8 reaches 95 per 
cent of. full load, the load-responsive-starting relay, No. 
1A, on No. 8 machine, operates through a time-delay 
starting relay, tobring onto the bus the second machine 
in the sequence, No. 12 motor-generator set. 

When machine No. 12 closes its d-c. breakers, it 
takes the voltage control away from converter No. 8, 
aftd assumes load. The converter voltage is then con¬ 
trolled by its current regulating relays, No. 57. With 
no increase of station load, motor-generator No. 12 
would pick up a relatively small load which would not 
be sufficient to keep it on the bus. To prevent this, its 
current limit recalibrating 2 ’elay, No. 95, is arranged to 
decalibrate the current regulating relays on converter 
No. 8. This causes the rotary converter tq reduce its 
load approximately. 2000 amperes and" this load, 
together with additional load which may come on, is ■ 
picked up by motor-generator No. 12 until at 6300 
amperes its current limit recalibrating relay picks 
up to again recalibrate the current regulating relays 
on converter No. 8. The converter then carries 100 
per cent load, and motor-generator No. 12 continues 
to absorb the oncoming load until it reaches 96 per 
cent of full load. 

• 

At this point the load responsive starting relay 
No. 1A, on No. 12 motor-generator functions after a 

the sequence, 
„ 11 gets on the 

bus, it assumes control of station voltage and takes this 
control away from machine No. 12. Thus, rotary 



iginally tion,of a short time delay, to be started. This machine 
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is not paralleled with the others in the station but 
instead feeds the network through a separate ‘group 
of feeders on ,a section of the main bus, ’This section 
is atitbmatically split off by the opening of the bus 
tie,breakers when .the converter is closed onto the bus. 

With No. 7 converter on, voltage control is left 
with No. 11 machine as before and the vpltage bal¬ 
ancing relay No. 6(t of converter No. 7 balances the 
voltage of its section of bus against that of the main bus, 


V Ui 1UO OOOWOU Ul UUO UiaO Ui LUC UitfcU.1. WWWj t 

holding the voltage approximately two volts higher than step °P eratlon 

4-lirt -vv\ T\ 11 r« fTMuci viAmi M i-n rtA-MTTrtid-OM \Tn ^7 f nl/infT Svnchronou 


under load, should power be temporarily interrupted. 

Synchronous Converters 
The booster-type synchronous converter, No. 7, 
is arranged for Y-delfa starting by oil circuit breakers 
on the high-voltage side of the transformer. Correct 
polarity is established by temporary reversal of the 
field. This machine is connected to the bus through, 
cushioning resistors, which are arranged to give two-- 




m 


« 


Synchronous converter No. 8 is a shunt-wound ‘ 
2250-kw. three-wire. machine with high-voltage re¬ 
volving-field booster, the scheme of connections being as * 
shown in Fig. 3. The converter has the customary 
series and shunt commutating fields. The booster is 
provided with a double armature winding so connected 1 
that with a given direction of excitation on the field, t 
the voltage of one winding will be in the “boost,” and 
the other in the “buck” direction. The winding u£ed . 
under any particular condition will depend upon the . ! 
position of the tap switches. The high-voltage neutral 
is formed at the common point of the booster windings. 


the main bus. This results in converter,No. 7 taking 
a little more than Its share of the load and insures its 
having*enough load to stay on. • 

With decreasing load, the machines are shut down in 
the reverse order from their coming on. Rotary converter 
No. 8 is not arranged with load-responsive starting and 
stopping, since it is required on the bus at all times to 
maintain the net-work, voltage and the system neutral 
at this point. ' 

Provision is made also for starting the next machine 
in the sequence if the last machine called for by the load 
is held off by protective devices or manual control 
switches. The next machine then does whatever the 
disabled machine Would have done in the way of load 
shifting and voltage control. 

Incoming back on the bus after a system outage, it 
is not permissible to allow converter No. 8 to be con¬ 
nected to the. bus below 140 volts, which is its lowest 
regulating point. In this case, the bus undervoltage 
relay, although permitting No. 8 machine to complete 
its starting sequence to the point where it is ready to be 
connected to the bus, functions to start both motoi - 
generator sets as fast as power supply conditions 
permit. As soon as the motor-generators, together 
unrti ntlicv Rf-ations. have raised the bus voltage to 140 

volts or more rotary converter No. 8 is connected to The transformer is provided with an extended winding 
the bus and boosts the system voltag^to the limit of having four 10 per cent taps. - 

its ability. At approximately 210 volts, converter No. The control scheme used on converter No. 8 is, in 
7 will also be brought on the bus. This should raise many respects, new and novel, and for this reason, a 
the net-work voltage to approximately normal, pro- rather full description will be given. . ' 

vided the other units on the system have started AVith the machine off, it will start upon Nosing of the 
oronerlv. . master switch through the customary time delay, and 

Motor-Generators the sequence will advance in ahout’tfte same manner as 

MOTOR standard converters. - Approximately half 

Except for the load-responsive starting an vo age applied to the converter rings for starting by 

and load-regulating schemes described above, the con- voltage is appnea ^ 

. . > _ i io c?iTY1 "11 Cl T* I’fA ITlstfll" 





Fig. 


3_§ ch13 me of Connections of Windings, No. 8 
Converter 
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closure of No. 42A tap switch. -When full field is 

reached, full voltage is impressed on the converter by 
the opening of 42A and the closure of 42D tap switches, 

. . , „, ir rnup voltage of the converter is then equalized wittj 

ipproximately the bus voltage by the operation of the booster 

- - 7 rh eostat. When the voltages are properly equalized,;, 

u’ load limiting resistor breakers, No. 73, cloge^- 

___ ... - , A 6 b ^iairT aC The This te followed immediately by the closing of the line 

voltages, load is applied to,.the d-c. generatoi s, T _ g 72 Upon the closing of circuit breakers, 


ana --, , , (1 . ■ 

trol for both motor-generator sets is similar to instal¬ 
lations previously described before the Institute 
The synchronous motors are started by throwing onto 
the line through reactors, the reactorsb<?mg shunted out 
when ~the* rifachines have reached apmoxmiatoy 
synchronous speed. The ffeld.is applied at the time 
of transfer atfd upon equaling ff bus^nd machine 
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i hold the voltage of No. & machine 
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indications of the voltage and current regulating relays. 
Protective Features 

flie size and importance of this converter unit war¬ 
rant extensive protective equipment and an endeavor 
has been made to protect against all operating con- 
, a/vi wnnriuinAj tingencies, such as starting on single or reversed pluwa; 

. When voltage reduction is nedessary, the booster starting with low a-c. voltage; incorrect brush position; 
•rheostat is run in the "buck” direction, and when maxi- uncompleted starting sequence; failure of the converter 
mupi buck is reached a circuit is made to close tap shunt or booster field; d-c. reverse current; overheated 
switch Np. 42C. It will be noted from the diacrram. bearings; overheated load limiting resistors: com- 
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within \\i volts of normal value on the pressure wire 
bus until the converter is loaded to approximately 
8700 amperes. At ’this point, the current regulating 
relays No. 57 take control and hojd the current on!this 
machine at an average value of 9000 amperes. 

Tap Changing 


wuoco, aw, j i» uptjueu uuu Hie converter 
is operating on the second transformer tap with the 
booster field rheostat in the maximum boost position. 
The transition from buck to boost is accomplished by 




and overheated booster and transformer windings. 
Conclusion 

This equipment has now been operating fully tiufco- 


.+-1 , ' • ; . ” .—, wg xms equipment lias now been operating fully nuto- 

th* tan nhwcrp 0 ^ ° W | n lu *1 t booster, When mafcic for somewliat over a year and its operation Ima 
th* tap change is made, the shunt field current is been very successful. 
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|l: ; r ■ . .... .. * 6 eonveilei. This action is simul- with this equipment in service and in practically every 

II iSr^siSKSEftTr 
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111; •> : Similar sequence to connect the converter to the next tS TT* Wm mado and f g ! mt deal of cortflc, « mce 
* lower tap.' ^ ; ; ■ ' ' 10 thQnoxL gamed. In one ease, in particular, wherr-the Keokuk 

The necessity :for further voltage reduction disabled by a 


l 

i '.' 1 




The necessity for further volh,™ ,„:n ^ansmission circuits were completely disabled by a 

ce’the converter to the lowest tap by an operating J[* pn£ld ? ^ load thus released was suddenly 
. .. --quence similar to that above •which closes tap switch the steam plants, this eontml gear operated 

N0. 42A and opens No. to “T** !T 4 , wld * ran8 ° 01 hW and a-e. 

voltage will force the booster rheostat into tiieoUaxmnim a#d <!-«• load fluctuations until 

. tack position and If "this the system was again stabilised. At the time of «e 

. V • fload on the converter to a proper ?3ii e the Station ™ u S6 P t ™ bw m 1827, none of 

* , d-c. undervoltage relay, No. 80A, will function to dis- taf/Sines at St. Charles Street even dropped fcftGlr 
connect the machine from the bus- The converter ° &d ’ a ^ 10 f g j 1 t,le a " c * system was subjected to ttjitny 
.Will! continue to run, in readinesi to Lin^ZIiS Wf^MrcUite^andglands, r ? 

'viv'V*' as soon as voltage conditions permit. With improvements being made rapidly in automatic 

When tlievius voltage rises above the setting of l apparatus, it is felt that increasingly complf- 
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The Effect of Humidity on the Dry Flashover 

Potential of Pin-Type Insulators 


BY J. T. LITTLETON, JR.* 

Associate, A. I. 15, E. 

» * * 

Spnd'psis,—This paper shows that humidity affects considerably 
the Jlashover voltages of porcelain and P YREX insulators . The 
flashover potential rises*as the humidity is increased , The tests 


and W. W. SHAVER* 

Non-member 

were made on pin-type insulators and on rods, The results show 
that this rising characteristic is a surface effect which varies with the* 
absolute ivaler content of the surrounding atmosphere. 
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Fia. 1-PYREX Insulators used in Tests 
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Introduction » . in a wooden box 6 ft. square and 5 ft. hfgli with, a 

I T is.probably generally recognized that the humidity hinged cover, all linfid with waterproof paper. These 
or water content of the atmosphere has some effect dimensions gave less than the standard clearance fqj 1 
on the flashover potential of insulators. The the insulator mounting so that in this respect the tests 
A. Is E. E. specifications for testing insulators 1 state were not made according to the standard specifications, 
that relative humidity measurements should be taken This condition did not noticeably affect the results, as 
at the time of the test and recorded as part of the data, measurements made in the box agreed with those taken« 
No correction factor for this condition has been worked j n the room for comparison. The iron pipe holding, jhe 
out, however, and little seems to be known as to the insulator pin ran diagonally through the box an P 1Q - 
quantitative effect of humidity changes. It seems to jected through the walls so that the one lead wap 
be a general belief that an increase in humidity leads connected to it on the outside. The other ea o e 
to, a decrease in flashover. Peek 5 has stated that half-inch brass rod tied m the line groove was insu a e 
humidity does not affect the flashover potential of 
dphere-gaps. Schwaiger 3 has given data on porcelain 
and glass rods in uniform tangential fields, showing a 
lowering 'of flashover potential with increase of 
humidity, and curves showing an increase in flashover 
potential op, large insulators and constant flashover 
potential on small insulators with increase of humidity. 

.Accordingly, it seemed worth while to determine the 
quantitative relationship between humidity and flash- 
over potential on different types of insulators and 
insulators made of different materials, and, if possible, 
to work out a correction for this condition. 

While the work on this problem has not been com¬ 
pleted, inasmuch as no correction factor has been 
completed, it is believed that the? measurements 
obtained are of sufficient value and interest to justify 
their presentation. y •. 

Experiments from the chamber wall by a large bell shaped pyrex* 

The electrical equipment consisted of a lf>0-kv-a., insulator. - * 

center-grounded, 60-cycle transformer with maximum • The humidity in the test chamber was controlled by 

voltage of 300 kv.. controlled by an induction regulator, the introduction of dry steam circulated throughout the 
Flashover voltages'were measured in either of two hox by a fan. Because of small leaks it was iound 
wn.vfT (11 bv a voltmeter previously calibrated with a nece ssary to introduce steam continuously in order,: o < 
snhere-gap, or (2), directly by the sphere-gap in parallel ma mtain a given humidity- Humidity measurements 
With the insulator with suitable high resistances on were made by means of a dry and wet r 

each side of the gap to prevent errors due to pscilla- suspended in the current of air from the fan, jps l”, 
tioris from thednsulator under test. a window through which the readings were - 

The insulators were mounted and the tests conducted These results were converted to absolute humidity y 

ficationMPH^esting insulators. 4 Tb° made tables. 6 ,, 

" *hoth with the Corning GlagtnW 
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Fig. 2—Porcelain Insulators Tested 
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and a standard dry fiashover test made with thp natural reduce* the values to those for 25 deg. cent, and 760- 
' humidity of the atmosphere. Steam was then intro- mm. pressure.* 
y duced in the chamber and the humidity thereby in- Measurements were made upon different types of 

creased and maintained at a constant value for 15 min.. pyrex pin-type insulators (see Fig. 1) and upon porce- 
A second fiashover test was then made and the cycle lain pin-type insulators, (Mg. 2), varying from 16-"to 
repeated. If it were desired to decrease the humidity 44-kv. rating. Tests were also made on the effect of 

humidity on the fiashover potentials between No. 6 
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copper wire electrodes wrapped arbund Pyrex rods of 
various diameters, and at various spacings. In addi¬ 
tion, in order to determine whether or not the phenome¬ 
non was merely «due to the humidity effect on the 
electrodes, measurements were made on the fiashover 
potentials between a one-inch steel bar bent in the 
shape of a hook, and a loop of No. 8 copper wire, as well 
as between two loops of No. 6 copper wire. 

Results 

Mgs. 3 and 4 show the results of a series of tests on 


Fig. 3 —V ariation or Fi.askqveii Potential with Humidity, 
on PYREX Insulators 
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Pig. 5—V ariatign op Flasrover Potential with Humidity, 

'. °n PYREX Rod, 0.9 In. in Diameter 

the different pyrex insulators and porcelain insulators, 
respectively. In every case there was a marked in- 
„ in the fiashover potential when the humidity was 
increased. These curves do not show the maximum 
variations that have been observed, as considerably 
* v* ig . m n greater variations are possible when the experiments 

~ * / . Absolute humidity are made at a higher temperature, the maximum possi- 

\H gm. per cum. ble water vapor content in that case being much greater, 

Iv/v ^ G ' 4 —Variation op Plashover Potential with Humidity, In general it was found possible to increase the fiashover 
Z 4 ON Porcelain Insulators potential of both pyrex insulators and porcelain insu- 

: % ,'v"■:/' ^ lators about 30 per cent over the value at-a low 

• after it had reached a point near saturation the cover of humidity, ; ^ ■ W 

I he results of some of the experiments on pyrex 

sasejd 
The 

: (. ;v,.:v ijV'.V - -—. frAViiVM * vu y,i/ III. in^Iiam- 

.. • , . however, eter and with the spacings between *the« electrodes as 

, # I as relative humidity indicated oh the graphs. . : 

were recorded for each test ajid a correction applied to Mg. 6 shows the results of the measurements on the 
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flashover potentials between the, loop of'No. 8 copper 
wire and the one-inch‘steel rod bent in the form of a 
hook and between the two loops of No. 6 wire. In the 
first’ case, they were spaced so as to give a flashover 
potential about the same as that of a 44-kv. insulator; 
and in 4;he case of the loops of No. 6 wire, the spacing 
was the same as When they were wrapped around a 
PYREX rod. From the slopes of these curves, it is quite 
evident that the humidity effect on the flashover poten¬ 
tial of an insulator and of a pyrex rod cannot be 
attributed to any effect on the electrodes. • 

• , Discussion and Conclusions 

* 

As mentioned above, the curves show humidity values 
expressed in absolute units, since such units bring the 
measurements taken under different temperature and 
pressure conditions more nearly in agreement with 
each other than do those of relative humidity. 
Schwaiger 7 shows data' plotted on a relative humidity 
basis which also come out as a straight line relation if 
temperature and pressure are kept constant, but ih 
order to correlate data made at different temperatures, 
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a is is eo 
Absolute Humidity in gm pan cu. m. 

G —Fi.ASnovran Potential between Mjstai. Wires and 
between Hook and Wire 

Abovo, two loons of No. 0 coppor wire, U 1ft. apart. 

Tlolow. a 1-In. stool loop and a No. 8 copper wire, 13 in. apart* 

• ' ' 

or to work out a correction factor, it is necessary to use 
absolute humidities. In addition he shows that in the 
neighborhood of 100 per cent relative humidity the 
flashover potential falls very rapidly, this effect begin¬ 
ning at even 80 per cent humidity on certain insulators. 
This decrease in flashover potential was noted in our 
experiments at humidities above 90 per cent, but it is 
belieyed that this was due to condensation on the insulator 
surface^whiclvcbuld be avoided by having the insulator 
at the proper ’temperature. Schwaiger s results indi¬ 
cate no humidity-effect on flashover potential with an 
insulator of •approximately bhe same ry °^® r 
potential as the pyrex insulator No. 161 and the 16-kv. 
porcelain insulator. Our observations made on the 
latter insulators indicate a’ very definite effect and one 
which is also of considerable magnitude. l^ef^Oi^.mvesti- 
gaCed the .effect of humidity on the flashover potent)® 


V • : . 


. • i <V ■ 


between .points and 2-cm. spheres so spaced as to give a 
flashover potential approximately the same as indicated 
in Fig. 6, and found that the flashover potential increased 
with increasing relative humidity. This does not 
agree with our observations on the flashover potentials 
between the two loops of copper wire and. between the 
copper wird and the pin in which no humidity effect was, 
observed. ' . 

The question as to whether the curves shown, in 
Figs. 3 and 4, which were obtaine’d under mpje or less • 
artificial conditions, actually represent the phenomena 
when observed under standard conditions, is perhaps . 
best answered by a reference to the point A on tha * 
curve in Fig. 3 for the 40-kv. pyrex insulator. This 
point was obtained from the average dry flashover, 
values of five 40-kv. insulators of the same type as used 
in this test. The tests on the five insulators were made * 
in the standard way outside the test box under low, jf 
absolute humidity conditions some months previous to^ ■’ 
the time when the other results shown were obtained- 
When correction is made for temperature and pressure, 
however, this value shows good agreement with the 
other results obtained in the special test box- -As a 
further proof of this, the points marked P on the Curveg 
represent measurements taken unde? natural humidity 
conditions at Purdue University Electrical ^Engineering , 

Laboratory. 

It is not proposed to advance at this time any theoret¬ 
ical explanation of the results obtained, as the data at 
hand are not sufficient to warrant the development of 
any very definite theory. The results given on the 
accompanying graphs show that the effect is a surface > 
one which varies with the absolute water content of 
the surrounding atmosphere. Since this is true, if 
is not surprising that the results are similar for both 
pyrex insulators andporcelain insulators, asin both cases* • * 
the surface is of glass. It. is perhaps worthy of note ^ 
that the slopes for porcelain insulators are’slightly’ 
steeper than those for pyrex insulators having approxi- , 
mately the same flashover potential. This may be 
accounted for by the high chemical resistivity surface 
of PYREX insulators. • 

’ Regardless of the cause of .the phenomenon, 
experiments have shown that humidity has a marked 
effect on the dry flashover potentials of pin-tyge insu¬ 
lators. It is further apparent that the large change 
occasioned by humidity has-a direct effect on the rating 
of an insulator. Extrapolation from the curve, to- 
gether with temperature and pressure corrections, 

shows that a No. 441 pyrex insulator at 760-mm. pres- . 

sure and 35 deg- cent, temperature would flash over at * 

12$ kv. with a 10 per cent relative humidity and at 193 + ■ 

kv. with a 90 per cent relative humidity. 

Moreover, the apparent straight line relation be¬ 
tween, flashover potentialand absolute humidity malms ; ; 

it pbssible to adopt a correction factor for the humidity % f 

effect on a given insulator, and to catalogue the dry -1 | 

' flashover potential at a standard humidity as well as at . 

. . ^ ‘ *. 
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a standard temperature and pressure. Until a satis¬ 
factory theoretical correction factor or formula has been 
determined so that humidity corrections can thereby 
be made it is believed that curves such as those given ( 


3. Elekirolechnische Zeilschrift, Vol. 26, June 29, 1922, p. 875. 
EleHrische FesiiffkeilsUhre, 1925, p/424, published by Julius 
Springer. * 

4. Loo. oit. 

5. Psyobrometrio Tables by 0. It Marvin, U. S. Dept, of 


should be used as a measure of the standard dry flash- Agr ' icu i tur6 , Smithsonian Tables, 1927 edition, p. 186 % * * 

over value of an insulator rather, than a measurement 6 Peek, loo. oit,, page 111. The maximum possible corroo- 


# at one known humidity. 
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tiling and Manufacturing of Large Electrical 

Apparatus • 


BY A. P. WOOD 1 

Associate, A, 1. E. E. 


jpHkv f Synopsis* —$he object, of this paper is to show, how extensively supplanting the casting and machinery oj pcpts and describes 

Weclric+wMiMiS' being used in the fabrication of large electrical briefly the welding equipment developed fot ihis purpose and so)w |J| 
* Apparatus f It outlines Uie use and advantages of welding for of the electrical machines produced by this method* 



/A riAHE ' step8 required in producing an electrical no expensive patterns are required. Valuable pattern 
'A',-*' A machine of iron or steel castings consist chiefly of storage space, which'had to be increased'as time went 

I engineering; drafting, making patterns and cast- by is thereby released and can be used for other maim¬ 

ing*, machining, assembling, and finally, filling and facturing purposes. Foundry space is reduced and the 
painting. substitution of welded forms for castings results in a 

A The tendency of the present day, however, is to great saving of time and eliminates the possibility of a 
produce machines, particularly the larger electrical defective casting due to cores shifting, blow holes, cold 
Machinery, of welded steel plates. It is possible now by shots, and pouring gates, which require time to burri'and 
following the new modern process-of fabricating a machitie ofti 

’machine practically to eliminate the pattern shop as The work, of the machine shop is reduced to a mini- 
, well as the foundry. * ^ murii,ias"the.'plate8arc-welded.together,have-approxi-- 

, ‘Welding passed beyond the experimental stage rnatelyihe finished dimensions, while in a casting there 

rrr. Pmuirtnolti \X7CJO n»i1TlV»liniQilb7 iiftioH M AAAArAiirr n nwanf o-m Aiin-f flvnaoo m/sfol ixrVimll ICS. 
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WOOD.' WELDING OF LARGE ELECTRICAL APPARATUS 


tion tests proved it to be much stronger.. The chance automatic hydrogen-enveloped arc. This results in a 
of breakage due to handling while in the course of ductile wfeld that is easy to machine or grind arid will not 
manufacture, pr to short circuits after beihg installed, break if accidently stressed by‘being dropped in 
was 'greatly reduced. During the three intervening handling. t 

years, practically all stator frames of our machines ’ For general work, three principal ypes of automatic 
have begn changed over to this new form of construction, welding machines have been developed. On the first 
When the steel plate frame is ready for painting it is type of welding machine, the welding heads are station- 
„ ary and the piece to be welded is rotated past the heads. * 

It is, however, only practical to rotate the work up to a 
certain diameteu (see Fig. 1). With the second type 
of automatic welding, used for larger •dianfeters, the 




• « 




Pm, 1 —Stator-Frame Automatic Wki.uk it for Frames up 
» to 14 Ft. Diameter 


of nice appeararice, as any scale attached to the plates 
has bepn removed by sand blasting. No filler being 
required, the surface is quickly finished with a paint gun. 

These years of experience have justified the making 
of arc welded riteel-plate machines as large as 40 ft. in 



Fig. 3 _Statoh with Punchings for 50 , 060 -Kv-a. 

Synchronous Condenser ' i 

radial arms of the automatic welding machine are 
made to rotate by a motor drive, Fig. 2. .The 
third type of automatic welding is a straight-line 
welder in which the work is stationary and the welding 
head is mov6d. * . . 

The large automatic welding machines shown in Figs. 
1 and 2 weld from 6 to 8 ft. per minute. The current 



1^^ - —;—- *. . 

p IG 4_A Welded Rotating Stator Frame for SurBR- 

SYNCHRONOUS M OTOJV 




Fio. 2 —Stator-Frame Automatic Welder for Frames 
ISxcmmdinci 14 Ft, Diameter 

diameter for slow speed, and as high as 10 ft, for high 
speed, and up to the present writing, of capacity up to 

100,000 kv-a. , _ f 

Very extensive tests have been made on samples oi 
plates welded together with single-, double- andftiple- 

layer weldihg',— both hand and automatic,—so that . , *. 

there is no question about the sort of welding o us ^ ig between 30 0 and 400 ampere? at 20 to 80 volij, 
any particular,’ design. . ( ., „ +fl+nrt) denending on the gap between the pieces to be welded. 

f when in tlie^ame plane, are welded togethei by a sei,i 
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• The welding rod, or reel, on the automatic machines motor- built up of are welded rolled plates is shown in 
is of G. E. Type-B shielded wire, which consists of a Fig. 4. ' ' ■ '' p 

steel core and outer steel layer between which is the The next’step in the elimination of castings on the 
flux. A high speed of welding is possible with this wire, horizontal machine was to replace the cast' iron 'base 
A large horizontal stator of 50,000 kv-a. is shown/ 

Fig. 3. You will note the supporting feet are cut out as 
part of theside plates and welded to a heavy-plate which 
*is drilled for the holding down and adjusting bolts, 

The stator is split horizontally to aid in shipping, the 


I : H-AJlP v- 






Beam Base for 2500-Kv-a. Synchronous 
v • , * .y Condenser ; 

two Jtalvbs being held together by bolts and dowels 
inserted in "the rectangular blocks, which were com¬ 
pleted as a unit before welding: in the stator. As a 
result of arc welding, we have produced large stator 
frames in 90 deg., 120 deg. and 180 deg., sections that 


Fig. 7—Welded Rotor Spider for 19,700-Kv-a., Rev. per 
Min. Generator 

with one of welded beams. (See Fig. 6). This design 
has been developed and built for machines up to 50,00.0 
kv-a. 

Fig, 6 shows a medium sized vertical alternator, rthe 
mechanical parts of which are almost entirely of welded 
construction. The stator frame is similar in construe-’ 
tion to the horizontal stator previously described. 
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Fig. ; 8—Welded Air Deflector 

except that the bottom plate is of larger diameter, to 
permit of fastening to the foundation plates. A heavy 
rolled ring is welded to the top of the outside wrapper 
plate for supporting the top bearing bracket. 

_ A structural steel welded upper bearing bracket con¬ 
sisting of two rolled I-beam girders between which is 

bolted a welded housing carries the upper'guide bearing 

nownnf mUi/lh __ 1 . 
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of the rotor, Waterwheel runner and thrust! The ends / : 
• ... • . of these girders are cut off to a rather large radius and a 

machining 0 ordoweiling afr the sphte^s this operat -f ° r is rol r ^. to A™ radius and w%!6d toJthe web 

is fentirelv eliminated. The ventilating air openings affect the strength of the bon™ geH. <yixri&• 
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together. We have recently finished two such fabri¬ 
cated beams similar in' section to the rolled I-beam 
which are 30J4 ft. long and 6 ft, high. The'flanges aftd 
webs’ are welded together throughout their ‘ entire 
length. Between these beams is carried a welded 
thrust bearing housing designed to support a'load of 
360 tons. • 

A large number of cast rotor spiders have been 
replaced by various designs of welded plains construc¬ 
tion. On the smaller spiders the hub is cut from thick 
steel plate or made from casting stgck, ,to which is 
welded a center web-cut out of heavy rolled plate. 
The rotortrim is steel plate rolled to the proper diameter 
and welded to the center web. This outside rim may 
be either a single plate with a butt welded joint or 
made of two rolled plates having the joints staggered 
and welded together completely around the outer 
edges, Since the rim plate is welded to both sides of 
the web plate around the complete periphery, the 
welded joint of the rim does not have to take the entire 
load of the centrifugal force of the poles, 

For the larger class of rotors a welded-plate spider is 
used to support a rim built up of thin laminations. 
Such a design for a«19,700-kv-a. generator is shown in 
Fig. 7. The center spider consists of circular plates 
for the-top and bottom members which are welded'to 
a center, hub. Plates are spaced around the outer 
periphery of .the plates which serve as a backing sup- 


INCREASED USE OF ELECTRICITY IN 
SWEDEN . 

The use of eleetric current in different industries and 
for household purposes is constantly increasing in 
Sweden. Extensions have already been made at some 
of the power stations, and preparations are. being made 
according to Commerce Reports for further 'extensions , 
to meet the increased demand. 

The power station at Porjus in the far north .of 
Sweden supplies’the current for the iron-ore ♦mining, • 
the electric railway line, generally called the “Ore 
Line,” from Lulea on the Baltic to the Norwegian Rort « 
of Narvik, and also, recently, for the households in the* • 
city of Kiruna. Increased mining activity has. neces¬ 
sitated extensions at this station, and a new 10,000- . 
kilowatt generating unit (the seventh at Porjus) is at 
present being installed. * 

It is important that the Baltic coast north of Stock¬ 
holm, with its extensive lumber and pulp industry,.. 
obtain cheap electricity, partly for the benefit of the* 
existing plants and partly to ipake extensions possible 
in order to lessen the unemployment. There are a 
number of power stations in this district, the largest of 
which, the Norrfors station, produces 100,000;000 kw-» 
hr. per year, and others are under construction; current 
is also obtained from the Porjus power station,* but . 

the supply available from this source is limited. It has, 

- - therefore, been proposed in the Riksdag that a high- 

port for the nm laminations and are slotted for keys v0 ^ a g e C abl e of 70,000 volte be constructed from Porjus. * 
which transmit the torque from the shaft to the rim. The pQwer st£itiong at Trollhattan, Alvkarleby, tyfo- 
Bolted to the bottom circular plate are segments of ^ and VasteraSj generally called the Central Block, 
heavy plate which act as a braking surface and in gupply the Cljrren t for Central and southern Sweden, 
addition support the weight of the rim. This type of including e i ec tric railroad’between Stockholm and 
design has been quite generally adopted as standard Q ote ^ org The total output *of electric current by the 
for the larger slow-speed vertical generators. Central Block during 1927 was estimated at 

1,240,000,000 kilowatt-hours, but consumption is stead-* * 
ily increasing; and different ways of meeting.the in- . 
creased demand are being considered. ^Investigations 
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ing the lower guide bearing have beeq standard on 
large diameter vertical machines since about . 1922. 
Ordinarily, these brackets are built of polled shapes 
fabricated by flame cutting and welding. Mounted on 
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are 


are also fabricated of parts welded together; 


of water from Lake Vattem past Motala and from 
Lake Vanern past Trollhattan. ;; 

A regulation of the' Dal River (Dalalven), which 


The original cast iron enclosing shields: fpi; positive suppli ^ the hydraulic power at AlVkarleo, is being . 
ventilation on horizontal machines have been replaced ou t an( j w hen completed will be of advantage to * ■ m 

by a combination welded and riveted sheet iron shield.: thepowerstation . . * * 

Fig. 8. clearly shows the jnethod of obtaining a lmge ^ wate rpower administration -hats requested a * « 

radius to the shields which is pleasing to the a " government appropriation of 2,000,000 crowns for the 
seems so necessary when castings were used. An op , . . vear 1928-29, and it is stated that the major ; 

! type spot-welded shield has been standard for a goo part 0 f this fund will be used for an extension of the ^ 

i ; ^The^^^lophient of the ai ]t of yveldirig power sysr , * # | 

' k'kv, cutting has marked a new era m the design ot eiec r . j cenfcra i aTK i southern Sweden. gj$J| 

machines, particularly those which are ei er v J Attemots are also being made to arrive at a system ,r| 

lafge or special of cooperation between the government stations and kl 

ture which is hdmpgeneous, free from possible casting aT)(1 t lie waterpower administration is • * • 

defects* long and costly machining, and which lends the p v . 

itself so admirably to changes in design without any ^ Present^ 
ei- _*1.1_nf n Hrawmsr. are. in ts®: i-S°rS e ni;BH v* 3 
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Saturation Permeafneter 


BY S. L. GOKHALE 1 * . \ 

Member, A. I, ®. B. 9 

Synopsis • —The saturation per meamHer is a device for speedy and. correction. The permeameler is available for accurate measurement 
accurate measurement of saturation value of magnetic material; of saturation value of such material as is saturated well within tho 
that is, for measurement of the limiting value of intrinsic induction working range of the permeameler, i. e., with a magnetizing force of 
0) characteristic ofjthat material The permeameter* in Us present H ~ S000 g if or less, which includes all magnetic material used for 
• form is of the well-known bar-yoke type , with a magnetizing coil ca- electrical engineering purposes except thqpe for permanent magnets 
pabh of producing a magnetizing force of H —4600 g , without and cobalt. Tty saturation permeameter is also available for approxi~ 
excessive healing. The permeameler is equipped with a compensating mately correctmeasurement of B or /3, for range of II below tho 
> coil whosej^mclion is to compensate automatically for the spatial saturation point as far down as II « 200 g . In speed of testing 
flux enclosed by the potential coil, so that the ballistic deflections and accuracy of the measured saturation value, this permeameter sur~ 
indicate the saturation 'value without • further compulation or passes all devices for saturation measurement developed heretofore< 




T HE following symbols are used in this paper 
with the corresponding unit stated in 
* brackets: 

Total induction or flux density (gauss), 

Intrinsic induction (B - H) (gauss). 

Magnetizing force (gilbert per cm.; briefly^.). 
Spatial induction (gauss). 

Interlinkage (Maxwell). 
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•• • Method of Test 

For scheme of wiring see Fig. 2. The compensating 
inductor which is a variable mutual inductor M t is 
adjusted to the required value, approximately to start 
with, and exactly by trial as the test progresses. The 
permeameter is then treated like the ordinary bar-yoke 
permeameter, using magnetizing currents ranging from 5 
to 30 amperes. If the upper part of the magnetization 
curve thus obtained appears to be straight over a 
considerable range, after making a reasonable allowance 
for stray points, it is assumed that the sample is really 
saturated for that range. The compensator is then 
adjusted by trial until the deflection for the supposed 
saturation range appears to be strictly constant. The 
constant value' of /3 thus indicated is accepted as the 
true saturation value. The lower part of the mag- 

3, but it has 


; Fia. • ; i—S aturation Permeameter 

1 . Magnetizing current (ampere). 






*■ " 0 Cross-section of material under magnetic test, 

v « Number of turns of potential coil. . 

- .V--. * ' Autual inductance of the compensating inductor. 

* * H/I H-factor of the permearneter. 

Saturation point; i. e., the value of R at which fl 


Fig. 2—Wiring Diagram for Determination of Saturation 


ThA illustrates the compensation method. It is also the connection 
used In testing the range of reliability of tho instrument 
P Source of power, direct current 

R =Control rheostat 

A =>Ammeter ‘ 

Mag. =Magnetizing coil of saturation permeamoter 
t ~Potential coil for measurement of /S ■< 

”^lS‘^M^?“ tIl ^aco botwoon tho teat 


Me 



in tins diagram; used for tos,fc In paragraph 5. Pig 4y 
inductor—variable for compensation ' 

iP—Primary coil 

. ; , £—^Secondary coil ' 

"Galvanometer • ; ; : ^ r ; 


v* • (ft 7-~ J,*: 

3 ambiguity ^f en observed that for magnetizing fotces as low as 
therefore left H = 200 g., the p H curve by the saturation per- 
meameter is in very close agreement' jvith the cor- 
r. . resnondine' nart. nf thof i... A _ 
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■ 0rfc ' l:r f T f T .(« - 200 g. is therefore ac- 
cepted as tlie lower hmit of reliability of the saturation 
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permeameter, although in some .cases the' agreement 
may reach down to lower magnetizing forces (Pig. 6). 

• • DETERMINATION of H-Factor 
The function of the compensating inductor is to 
compensate for the spatial flux enclosed by the potential 
coil of the permeameter.' When the compensation is 
exact, as shown by thp constancy of the indicated value 
of P, the interlinkage of the secondary coil of the in¬ 
ductor must be, equal to the spatial interlinkage of the 
permeameter. Expressed analytically, we have the 
equation 

£ X .S ~ X c 

or, HnA = Mj /10 

where. X, is the spatial interlinkage of the potential coil 
of tfie permeameter, 

\ c is the interlinkage of the secondary coil of the 
compensator. 

Then, the H-factor of the permeameter is 
H /I = Mo/10 n A 
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p ia , g—OoitVBS of 2^ Pun Cent Silicon-Steel Sheet 

Tests on sample No. D-7. p II curve and p m curve are shown. The 
mimbors on the P M curve Indlcato values or II 

Conditions of Reliability; Basic Assumptions 

When the compensation is exact, as indicated by the 
constancy of the observed ballistic deflection, the inter¬ 
linkage under measurement is constant; hence we have 
the equation 

pna + II n A- M1 /10 = X, = constant 
where X, is the value of the total interlinkage measured, 

0na, interlinkage of intrinsic flux, 

Hn A, interlinkage of spatial flux,. 

MI /10, interlinkage of compensating inductor. 

By differentiation with relation to I, we get 

„ iL% . ~y— M/10 = oJ 

na - ^1^ dl 

dp/d H =■ (M/l0 ~ n A . UH/d I)/(n a . d H/d I) 

Assumption 'I. Assuming that the H-factor of the 
permeameter is constant forthe range under, considera¬ 
tion, wft have the equation, * 

* V H/l=CW-A: ■ 

dll/dl = C.pL" 




Substituting this value in the above equation, we get 
dp/dH = (M/10 - nA C)/n a C 
= constant 

' Assumption II. At this point, a further assumption 
is made, viz., that if d p/d H is constant, the value of 
the constant is zero.Graphically, it is assumed, that 
if any extensive part of the p H curve be straight,.it is* 
at the same time also parallel to the axis of H, In ‘ 
other words, it is assumed that no large part of the 
p'H curve is straight without being parallel ftrthe axis 
of H. With this assumption, the above equation is 
reduced to the two equations, * 

dp/dH = 0; and n A C - M/10. 

V • 

From the first equation we get * . 

p = constant % 

= S; (saturation value) 

From the second equation we get 

H-factor = G = M/10 n A * 

The reliability of these two measurements depends 
upon the validity of the assumptions (1) constancy of 
the H-factor for the required test range; and <2) ab¬ 
sence of straightness of the p H curve except’wheij 
saturation is reached. *» 

The constancy of the interlinkage by itself dodfe not 
carry with it unconditionally the assurance of satura¬ 
tion, or the accuracy of the measurement of S, or of 
the H-factor. The equation 

. dp/d H = (M/10 - nA . d H/d I)/(n a . d H/dl), 
might hold true when neither d H/d I nor d p/d H are 
constant,- because it may be that the variations in 
p due to changes in H might he balanced by changes in 
H due to variations of H-factor. It can he shown*, 
however, that in the case of the saturation permeameter 
under discussion, the constancy of the observed de¬ 
flection is not brought about*by balanced variations, 
of this kind. Space limitations prevent the discussion 
of the proof of this point. / < 

Validity of Assumption I. There has. been no 
method discovered for direct measurement of H at a 
-point in the test sample, and not even for-indirect 
measurement, except under certain favorable .conditions 
which are not present in this case. But the value of 
H at a point inside of the magnetizing.coil and in close 
proximity to the sample can. be easily measured^ 
ballistic determination of spatial flux near that point, 
'(For test data see Fig. 4.) A study of the curves 
shows that the H-factor for the proximate space is 
practically constant, .the deviation from constancy 
(h 6/6) being undetectable for I = 6 to 20 amperes 
and less than one part in 1000 for the range I - 3 to 
29 amperes. On the basis of this observation it seems 
reasonable to assume that the H-factor in the body of 
the sdmple is also constant within the same nimts, 
because the causes that tend to produce deviation m 
the one case are algp the only possible causes operative 
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in the other case. It is therefore assumed that in the Fig. 5). In this case, the value of A/3/A H is not eon* ? 
case of this saturation permeameter, the If-factor is stant until it is reduced to zero.” All reliable data thus 
strictly constant for values of I between the limits far are in support of the Assumption II, and there are /. 
5 to 20 amperes (H = 750 to 3000 g.) and almost com none to contradict it. 

stant for / = 3 to 29 amperes (H - 500 to 4000 g.). Examples of apparent exceptions-are given in -para- 
. ■ • graph on Form of intrinsic permeability curVe (See 

-- - - H * n W5 Incidental-Observations). 


0 760 |SM 


I mm 


40 50 


Pig. 4—H-Factor Curve and Precision Limits 


1Q300 Jr = S : ypk * ■ 
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Pig. 6—6 H Curves for Permalloy Rod 

Experimental Evidence of Reliability, Fig, 6 repre¬ 
sents the /3 H curve for a sample of permalloy by the sat¬ 
uration permeameter, this sample being selected for the 
reason that it can be saturated by a magnetizing force 


ggggjgg angg , '♦7773^. yvRYE and jurbcision uimits reason tnai it can oe saturated Dy a magnetizing force 

<*> v 'tt * of H = 200g., which permits its saturation value to 

1116 second assumption be determined by the Bureau of Standards compeftsa- 
^ Z' ^ 4^Vif l e C0 ; T * 1> +^ls < l n tbat no P art tion method, whose reliability has been accepted as 

being .parallel to indisputable.. - The close agreement of the two B H 
S ^f 0 ^! r S' . ® tated anal y tic ally curves by the two methods constitutes a very persua- 
18 but Sive argument as t0 the reliabilit y of the saturation 

t P d H becomes Permeameter. This experiment disproves the balanced 
- ^ mntn!tio SS f supported b ? aumerous.-fcats compensation referred tp in paragraph on'Conditions of 

, e . a ,°* va |* lous kinds, tested in Reliability and confirms the validity of the two basic 

rme l to <*“>"* *» *o assumptions. Full discussion caunit be^ivcri to S 

possibilities of error inherent m other methods of test, paper. , 

' ■ It was found in all these cases that the j3 H aurve was not . ^ 

straight until the saturation point was reached, after 

^ \ ' *-~4— -- 
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Incidental Observations* * • respect this method of test surpasses all other methods* 

Absence of Stray Points, The saturation part of the (For comparison, see Fig. 7). . 

pH puyve by-the method outlined herein is free’of Speed of Test. Since the accuracy of measurement 
stray points. This is due to the fact that the ballistic , of S does not depend *>n the accuracy of the ammeter, 
deflections for this'part are not dependent on the exact it is needless to waste time in accurate adjustment or 


40 g ftp 120 160 200 .. 240 


reading of the current. The only reason for reading 
the ammeter at all is to assure that the observation 
points which should be sufficient in number and reason-* 
ably well distributed are actually so: the operator is 
instructed to waste no time and effort over accuracy of . 
reading of the ammeter; this contributes to’speed of 
test. • 

Freedom from Excessive Healing. The rapidity of • 
test prevents excessive heating and thereby adds to the 
accuracy of the test. It is well known that variation of 
temperature constitutes one serious source of error 
in measurement of saturation value. » . 


Form of Intrinsic Permeability Curve, The form ot 
Pig. 8-1— P/a Curve by the Long-Solenoid Method the f3 fii curve obtained by the saturation permeameter 
Tills ia tiio mothod or n, o, Peirco, Academy of Arts ami science, (Ycj. (Fig. 3) possesses all the characteristic peculiarities? 
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of the curve, by the compensated toroid ring method 
’described in the Law of Magnetization . 3 The corre- 
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Fig, 9—Saturation of Nickel-Ikon Alloy Ring 
, By Incremental Method 
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sponding curves by other methods of test do not gener- • 1 

~ :’A 

By ciumUoh, Arch./. hiec„ o.i.v.^n pH curve is straight over a considerable range, with- . . •: 

out being at the sajne time parallel to the axis of #.’ 

*,^ ^0 20 40 60 ' ao too KQ i4jQ These curves constitute the apparent exceptions to.* # * 

2% * the Assumption II referred to in vaUdity of Assumption I. , a#***' 

_^2^___ Demonstration of Saturation. Incidentally, we have ** 

™__now an experimental evidence x>f the phenomenon of ' ■ *• 

__Y__X ____ ’, ’ saturation t>y a large number of tests on toroid rings, ^ i .;, 

__ :________ , and therefore free from any uncertainty inherent in * « 

"j_Y_____ any type of permeameter whose reliability is unproved. * 

2 QOOO-—-t ___v _ _____ 1 ’ In one case (see Fig, 9), the ring was tested by the V # */* 

T ___Y_—_method of increment whieh reduces the limit of ob- 

19,600 [it-_-____I/.- :• servation error to ±2.5 gausses in p. In this case the 

T~ ;___ L 1 I variation of the curve from straightness—if there bee 

■ ' IS20 °o',401) 800 Ijoo H mot 2)100 1 woany variation at all -does not exceed one part in > ' f | 

E Ifl ' 8 2-/u Curve by Bureau of Standards Isthmus 5000. This experiment therefore constitutes a con- 

• • Pekmba«etbr vincing evidence of the phenomenon of saturation, ; .-..V3 

•'r By oitoncK Bureau of standards. Psper No. act, p. 633 and therefore also a confirmation of Weber’s theory 

i ^ .. of molecular orientation. . " . ' '*5 

Mirrent’ anv error in reading Umits.io the Use of Saturation Pemeameter, The 
value of the magnetizing current, any error in s _ tw™wJnn nermeameter implies two S 
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limitations to its use. Firstly, the test sample must be 
capable of saturatipp well within the upper precision 
limit of the permeameter, viz., H = 4000g. .(See 
Fig. 4.) For practical reasons H = 3000 is regarded, 
hs the upper limit. Magnetic material which does not 
reach saturation at this point, sUch as cobalt, cannot 
jbe successfully tested by this permeametei', for deter- 
. mination of saturation value. Secondly, the saturation 
permeameter is not theoretically available for accurate 
test much below the lower precisibn limit, (viz., 
H- = 750 g. S?e Fig. 4). But it has been observed 


in alf cases’ that the.curves obtained by this perme¬ 
ameter agree very closely with corresponding curves by 
the Bureau of Standards method, down to H =. 200 g. 
(See- Figs. 3 and 6.) This value of H is therefore 

considered as the lower limit of practical reliability: * 

* 

Conclusion • 

From the preceding arguments, data, and curves, 
it follows that the saturation permeameter is speedier 
and more reliable than all other types of apparatus 
used until now for determination of saturation value; 


■AY-vY'., 
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Synchronous Machines—IY 


BV B. E. DOHERTY* 
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Synopsid.^The special ca$e of cylindrical rotor machine hat • 
been treated previously by Boucherol and others. The present paper 
solves ik & general case> including salient pole jnackines. The 
<cylindrisal rotor type thus becomes merely a limiting case: The 
jpnnciple assumption wpick distinguishes the present theory from the 
'extensively studied cylindricalrotor theory is that the total armature 
vdfAniuctance in here taken as variable with respect to rotor position , 
whereas the previous theory of short tircuiiSi as represented by 
Boucheroit for instance x assuines this inductance to be constant — 
ip other words, that the air-gap it uniform.- 

Expressions are derived for the sliGrl-circuil currents in the arma - 
.>|ji ijre aMti field, for voltage induced in the open phase , and for voltages 


and C. A. NICKLE* 

Associate, A. I. E, E, 

• . 

across external reactances in the armature and field circuits. Com¬ 
parison of calculated and lest curves for these quantities are showy in 
Figs. 5 to 8, for a 7000-kv-a., SSS-reu. per min., salient pole alterna¬ 
tor , and in Figs. 11 to SB for a SO-hp., 1800-rev. per min, induction 
machine (cylindrical rotor). These show satisfactory agreement. 

The mathematical work and definitions are in Appendixes as 
follows: A. Summary of Equations. B. Armature Current. 
C. Field Current. D. Voltage Across External Reactance in 
Armature Circuit. E. Voltage Across the Open Plgme. F. Voltage 
Across the Open Phase. 0, Variation of Armature Inductance 
with Position. II. Decrement Factors. I. Reactances — Defi¬ 
nitions and Relations. . V.?. 


Historical. 

T the Annual Convention in June 1926 the authors 
presented the first of a series of papers covering 
their investigations of the Synchronous Machines. 
Part X was an extension of fundamental theory; Part II, 
a treatment of torque-angle characteristics ilnder steady 
' state conditions; and Part III, .presented at the 1927 
Winter Convention, a study of torque-angle character- 
, istics under transient conditions. In the present paper, 
an analysis is maije of single-phase short circuits. 

Certain, special cases of short circuits have been 
treated previously. •Following; the early work by 
Steinmetz' and Berg, Boucherot 2 presented his classical 
paper in 1912, dealing with alternators of the laminated, 
cylindrical rotor type, with and without amprtisseur 
grinding. In 1916 Diamant 4 reviewed the work of 
Berg and Boucherot, and, among other mathematical 
extensions, gave expressions for the; envelope of the 
short circuit current. In 1918 he presentedran analysis 
of sustained short circuits, dealing principally with the 
nature of flux distribution under that condition. In 

♦Both of the General Electric Company, . ...:. 

I. Ppr all references see bibliography in complete paper. 

Presented at the tVinier Convention of the A. I. E, E., Neto York, 
N. Y.i FebruUry lS-W, 19$S. Complete copies upon request. 


the same year, 93 one of the authors proposed the, use of 
the Constant Linkage Theorem in dealing with short 
circuits, and in 1921 9b and 1923 9e illustrated its use. 
Also in 1923 Franklin 6 applied this method to a large 
number of cases of single-phase and three-phase short 
circuits. Working from the same ' fundamental 
premises, Laffoon 7 solved additional cases in 1924. The 
following year Karapetoff 6 analyzed, in the main, the 
same cases as those of Franklin and Laffoon; but he 
started from a somewhat different theoretical basis— 
i. e., from Kirchoff’s Laws. But he, like Franklin and 
Laffoon, neglected resistance, which made the funda¬ 
mental premises the same—since the Constant Linkage 
Theorem is merely a corollary of Kirchoff's Second Law, 
for the special case of negligible resistance. That is, 
his equations involved voltages instead of magnetic 
linkages,* and were therefore the first derivatives, of the 
corresponding equations in Franklin's work! * Involving 
the same assumptions regarding the circuits, th6 results 
naturally a)so agreed. The thorough, 'Mathematical 
treatments of cylindrical, rotor machines both by 
Shimidzu and Ito! and by "Biermanns/ in which the 
effect of resistance is«pprpiriniately taken into account, 
are especially noteworthy. All of "the*foregoing in¬ 
vestigations have dealt with cylindrical rotor machines: 
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and, granting the simplifying assumptions which have 
appeared to be practically necessary,—such as ’those 
made by Shimidzu and Ito, and Biermanns, relating to 
resistance and saturation—it may be said that a 
practical solution -of short circuits for the cylindrical 
rotor type has been attained.! 

Scope 

'1 

■ These previous analyses, however, hav$ not solved 
the important case of salient pole machines. The 
present paper treats of the general case, including both 
types. . Proceeding from the same basic point of view 
from whi^h the authors’ previous work on Synchronous 
Machines, 9d ,0 ° has been developed, the present treat¬ 
ment takes up single-phase short circuits and partial 
short’ circuits— i. <?., with external reactance in the 
armature and field circuits—, developing expressions 


. Although the single-phase phenomena of three-phase 
machines only are considered here, the theory is, of 
course, applicable also to two-phase’ machines. 

Discussion op Theory 

The four basic concepts underlying the improvement 
in theory, both as Applied here and in 'the authors’ 
previous work, are: (i) characterization of the machine. 



' ■; AV; j 4 " ' 
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13—.Sustained Armature Current Single-Phase 
Linb-to-Linjs Short-Circuit 20-IIp. Machine 


-Calculated ourvo 
-Teat curvo 


ICquation:- 


, 0.818 sin 
3,98 3.60 cos 2 f 



Pig. 14—Sustained Armature Current, Singlb-Phase. 
Line-to-Linb Short Circuit with xt> r = 20-Hp. Machine 

* ♦ 

by four reactance coefficients, two corresponding to the 
main pole axis— i. e., direct axis —, and two to the inter- _ 
polar axis— i. e., quadrature axis. These are; Xd, $dS 
x Q , x q ' (See Notation). Thus more or less aptly the 
theory has been referred to as the “Four Constant 

Theory.” * * . 

2. Resolution of flux and m.m. f. waves, traveling 
with respect to the rotor into stationary,^ pulsating 
components in line with the direct and quadrature axes. 
The theory involves also, of course, the usual Blondel 
resolution of the stationary fundamental waves. 

3. That the variable component of armature in¬ 
ductance varies between the direct axis value and the 
quadrature axis value as a second harmonic function of 
the electrical space angle. This applies to all variable 
components'of inductance which, with armature cur¬ 
rent of fundamental frequency, produce fundamental 
voltage, 

4. The complete use of a fractional system of notsv-. 
tion, thus expressing each .quantity as a decimal fraction 
of some definite, convenient value, such as normal 
value. This is, of course,-an outgrowth of the familiar, 


for armature current, field current, armature voltage . 
across the open phases, voltage across reactance in the 
armature circuit, and the voltage across reactance m 
the field circuit. These expressions apply not only to 
salient pole machines, but also to the cylindrical, rotor 
type, since, under the present theory, the latter type 
merely becomes a special case of the former. _ Thus, the 
scope includes.,the development of expressions, appli¬ 
cable alike, to* salient poles and cylindrical rotors, for 
the .voltage and current phenomena under single-phase 
short circuity ! . ■ ‘ . ; - 

’.tAf ter submitting the present»anusoript, a copy pf B. B^uls 

treatment of "Sudden Short-Circuit of Alternator^ Bibliography 
12, hns'beon received. This .treats of the case of the cyhndrical 
rotor machine Mth'a three-phase winding on the rotor, each 
rotor circuit ’being closed either directly <jr thrpugh the 
axel tor. He ’employs “Heaviside" In the,mathematieal worlf. 
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Piq. 16—Sustained Armatvrb Current Single-phase Line- 
to-Dinb Short Circuit wrfn *d’ ’> 20-Hp. Machine 

practise of expressing such quantities as a per cent of 
nbrmal Value, but the latter involves carrying along the 
“100” in calculations, which is both cumbersome ana 
conducive to numerical error. Experience has estab¬ 
lished a vefy definite preference for the fonner-the 
onlv' difference between them, of course, being the 
position of the decimal point. Thus with imfy as 
the base, instead *f “100”, it is proposed tcf denote the 
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former by "per-unit” system, instead of "percentage',’ 
system. i 

The use of the ^'per-unit” system has distinct ad¬ 
vantages. In the first place, the results are in forms 
which have a definite significance in giving at once an 
idea of relative values—for instance, a current of 0.6 
means 50 per cent of normal current. Another ad¬ 
vantage is that cumbersome conversion factors are thus 


40-, 

• j 

* • 30 ■ , 


« to 


eliminated.' For instance, as per-unit quantities, cur¬ 
rent is taken as numerically equal to the m. m. f. of 
arrhature reaction, and voltage at normal frequency, 
as numerically equal to the magnetic linkages which 
produce it, and in many cases, as noted below, reactance 
as numerically equal to inductance. v 

The four basic concepts outlined in the foregoing 
paragraphs afford the basis for symmetrical, relatively 
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i, 10 —Transient Field Current, Maximum Lnitial Ar a mature Linkages on, 
Single-Phase Line-to-LiN Short-0iuouit 20rHp, Machine 


• A—Oalculated curve 

B^Tesb Curve 
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Equation: ■ 
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simple, and very interesting expressions for the voltage 
and currents under single-phase Operation. In this 
way^ it has been possible without undue mathematical 
complications to take into account the predominating 
factors of the problem, and thus to obtain a very satis¬ 
factory^ agreement between calculated and test results, 
as may be seen by reference to Fig. 16 and others which 
follow. * 

These extensions, in theory, have requited not only 
additional characteristic machine constants, (as already 
mentioned in a footnote), but, in or.der to avoid con¬ 
fusion .and misunderstanding, they have made it also 
necessary to classify and more carefully define them. In' 
the early days, a synchronous machine had a reactance; 
now it has many. Moreover, our ideas about some of 
the well established terms—for instance, armature 
leakage reactance, and field leakage reactance— have 
needed some revision. . As a rough illustration in con¬ 
nection with the general situation,—in running a poly¬ 
gonal boundary, an error in the length or bearing qf 
one of the sides is not so apparent, unless it becomes 
necessary to "close” the polygon. The error is merely 
passed on the.next side, letting the end whip about as 
occasion may require. In synchronous machines/ it 
was formerly necessary to "run” only one or two sides; 
now, \vittr the necessity of calculating practically all 
of the electrical characteristics, we must "close the 
polygon.” ’Sp, an orderly classification, a description, 
and a careful definition of terms is quite in order, as is 
.also the presentation of methods of calculating some of 
these factors. The former ia given in a companion 
paper by R. H. Park and B. L. Robertson; and the 
latter,by P.L. Alger, > . 

Fundamental Equations 
The general plan of attack and the general considera¬ 
tions leading up to the fundamental equations will be 
discussed here, and the final equations will he derived 

in the Appendix. \ V v,. -v'T >i 

Superposition is used in obtaining the initial values of 
armature and field current. The plan is first to find a 
general expression for the magnetic linkages of the 
armature winding, due to any transient, armature 


transient components by the appropriate decrement 
factor. ’ 

Of course the sustained values comprise those com¬ 
ponents which exist* after the transients have dis¬ 
appeared, and thus are obtained by setting the transient 
terms equal to zero. ; , ■ 

The decrement factors are obtained by an approxi¬ 
mation. It seems to be well nigh hopeless, as a practical 
matter, to take into account rigorously the armature 
and field resistances, but it Happens, fortunately,, 
that it is possible to obtain results whicfi are sufficiently 
accurate for any practical purpose, by making simplify- , 
ing assumptions. , • 

Results 

The foremost result is the method of analysis which 
makes possible, in a practical way, the calculation 
transient phenomena in a synchronous machine regard- ^ 
less of whether it is of the salient pole or the cylindrical / 
rotor type. The equations thus derived have made it • 
possible to calculate complicated transient character¬ 
istics which check, in the .minutest details, with the 
oscillographic records of tests; and these equations have 
revealed a number of important and very interesting 
facts relating to the form of the current graves, the 
resulting possibility of relatively ’ simple analysis 
of the waves, and the induced voltage* in the open 
phase during single-phase short circuit. A summary of 
, equation is given in Appendix A. , 

Referring to the short-circuit current waves, the 
current is expressed as the sum of two harmonic series, 
one of odd, the other of even, harmonics; and the 
magnitudes of the harmonics in each series, in ascending 
order, are in geometric ratio. Thus, the single-phase 
short-circuit current of the armature is 

k ea cos a 

i = •— — ■ [1 + 2 6 cos 2 (f + a) 

: V*d' ■/, • * 

+ 2 6* cos 4 (f +•«) + 2 b 8 cos 6 (t + «) + • • •] ' i 
■ ■■ 2ke a 





(cos (t fir a) + 6 cos 3 (f + <*) 


■. ■ m 

,; W' filial 
PIP*! 


jrp cos 5 (j + ct).+ b 3 cos 7 (t + a) + . •>] 

current, and with no field current, except that induced Theigeometric ratio b is given by ; 

by the armature current; and then to determine the ■ — y'ajiT' .. 


I by the armature current; ana tnen to uecenmue^ue .f .v ; V«q' - V^d 

.. armature linkages due to any other current in the field b — . r~j 

; ' w inding, and superpose these to find the resultant value ■ ■:.+ • V*p . 

TT-rt/IbwaVinrf rnrpnii' Me fViA tr 


winamg„anu Buperpuae wicoc lu.ujiu -y II 

j/ 1 *-.' of armature linkages. Under short circuit, and neglect- where bq' is the transient reactance in the quadrature 
..resistance, the latter value of linkages must be ax j Sj an d the corresponding quantity in the direct J 
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5th, 23 per cent of the 3rd, the 7th, 23 per cent of the 
5th, and so on. Likewise for the even harmonics. 

As an extreme case, x D ' — 0.21 x Q ' ~ 3.77 b — 0.618 

These constants apply to an actual induction machine. and " 
with a coil wound secondary. The armature is three- 
phase, the rotor two-phase; the latter, in this particular 
pase, being' connected two phases in series with d-c. 
.Excitation. The machine is rated 20 hp., 1800 rev. per 
mill., 60-cycle, 110 volts. For convenience, the 
• per-unit jjyantities are based on 10-kv-a., three-phase, 
and 57.7 volts fine to, neutral. 

•" ; v ’; ; It, is interesting to note that if b = 0, that is if 
ato' — xq', all harmonics disappear, and the current 
wave changes from the peaked wave in Fig. 13 to ap¬ 
proximately a sine wave, as in Fig. 14. 

- Going a.step further, x v ' can be made greater than 
*a5Q / by placing external inductance in the field winding 
which is excited— i. e., the direct axis winding. In this 
. case the sign of the harmonics is reversed— i. e., & be¬ 
comes negative—, thus giving a dip in the wave. This 
is shown in Fig. 15. . > 

So 4 mnch for the results regarding short-circuit 
current.* Turning now to the next major point in the 
results, tlie equations show that under single-phase 
short circuit the *peak voltage across the open phase 
may be extremely high—many times normal in cylindri¬ 
cal laminated rotor machines without amortisseur 
winding. This voltage depends upon a very simple 
relation; namely, the’i$itio of xq to Thus, for 

a short circuit at p: = 0, that is at maximum flux en¬ 
closure; or maximun flux linkages, the ratio of the 
voltage across the open phase after short circuit (initial 
value) to the peak yoltage“before short' circuit is 


open-phase • voltage recorded was also line-to-line. 
Thus - 60 deg.; and from (14) 

p = 3.46 for a = 0 • 

p = 2.16 for a = ir/2 

* r n 

These are limiting values, In the test, the short circuit 
occurred at a - 2.2 (i. e., about 125 deg.) and therefore 
the peak should fall between those indicated by the 
above values of p. Using a - 125 deg, (or, for con¬ 
venience, the corresponding value, 55 deg.) in the 
equation of Appendix F, the calculated .wave Fig.7 
was obtained. The calculated first peak is 2.73 times 
• the peak voltage before short circuit, andttihe cor¬ 
responding test, value, 2.97. 


FOR 


(14) 


2 ~W~ V sin ^ 

! •• • ■ v . ; • 

Wh$rej3 is the angle between the axis of the short- 
• .circuited winding, and the axis of the open-circuited 
winding considered. . 





, (<ar = 0) therefore is, X /• 

: : . Q rjn 

■ ,: : ; D *_ ]_ = 34 0 •.•••' V 

P '■ 0.21 : 


FEDERAL OPERATION PROPOSED 
MUSCLE SHOALS 

Effort is being made to have resolution S. J. 46, 
which has been favorably reported by the Senate 
Committee on Agriculture and which provides for 
Government operation of the power plants at Muscle 
Shoals and the utilization of income to be derived from 
the sale of power for the manufacture of nitrates for 
fertilizer, passed. 

This resolution is somewhat the same as that intro¬ 
duced during the last session and is based upon the 
opinion that the manufacture of fertilizer by the 
cyanamid process, as contemplated in the equipment 
now available at Muscle Shoals, is not feasible from a r 
commercial viewpoint. The theory is advanced that 
recent progress with the synthetic ammonia process 
makes it possible to manufacture nitrates by this 
latter process much cheaper than by the cyanamid 
process, Since the reporting of the measure, an amend¬ 
ment has been proposed to give Nitrate Plant No. 2 
at Muscle Shoftls to the American Cyanamid Com¬ 
pany or the American Farm Bureau Federation on the 
condition that they agree, to operate the plant at 
capacity for 50 years exclusively for the manufacture 
of fertilizer. Also, an amendment has been introduced 
proposing a considerable extension of a distribution 
which might be operated by the Government 
measure be enacted into law. 


AIR SERVICE TO BE INSPECTED BY 
DISTRICTS 

and the examination and 
airmen, the United States has 
7 . c " r been divided into sixteen inspection districts, each' of 
« the value existing w hich will be in charge of an inspector* of the Air 
shown on the. Regulation Division, Department of Commerce. -Head¬ 
quarters will J?e established in each district to help 'in: 

the 
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Synopsis , —This papgr describes apparatus recently developed 
for utilizing the charging current of a condenser bushing in operating 
a synchronoscope, thus making a simple and inexpensive method 
of synchronizing dt high voltage. Data are given also covering the 


operation of the device for different conditions of frequency, voltage,* 
etc,, thus assisting in the consideration of the adaptability of the , 
device to other applications . An account of the first installation in 
the field is also givem „ 


T HE '’rapid advancement of superpower systems' line voltage. This is shown in Appendix I. . How- 
has increased the demand for a simple and ever, a modification of this method, in which the 
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I has increased the demand for a simple and 
•economical high-voltage synchronizing devitie. • 

In order to meet this demand, there has been de¬ 
veloped a condenser-bushing potential device which 
utilizes the inherent capacity potentiometer charac¬ 
teristics of the bushing in providing a source of low 
voltage which can be used in synchronizing. 

This device-is relatively inexpensive, simple, easy 
to ^operate, requires small space, and is sufficiently 
accurate for most synchronizing applications, 

’ General Theory op Bushing Potentiometer 
In general, a successful insulator potentiometer must 
have- two qualities; it must be of a relatively high 
capacity and must be protected from the weather. 

These two’requirements are met by the condenser 
bushing. Constructed as it is of concentric metal- 
•foil cylinders about the high-voltage conductor, it 
forms an ideal capacity potentiometer wherein the 
metal-foil cylinders are plates and the micarta is dielec¬ 
tric of a series of condensers which can be considered 
as connected in series from the high voltage to ground. 
By adding a tap to the last step to ground, a potenti¬ 
ometer is easily obtained. Its size assures ample 
capacity for instrument indication and’lt is completely 
protected from the weather. 

As these bushings are designed for a voltage drop of 
approximately 4000 volts per layer, some means must 
be provided for lowering the voltage across the last 


ever, a modification of this method, in which the 
terminal voltage and phase-angle error are practically 
independent of the burden of the connected instrument,' 
may be applied. * * 

This modification is effected by the addition of a 
reactor tuned to resonance with the capacity of the . 
last step of the bushing less the transformer exciting • 
reactance, as shown in Fig. 1. 

From the theoretical discussion of this circuit, as 



1—Complete Schematic- Diagram 
Bushing Potential Device 


Condenser 


given in Appendix II, it is seen that the voltage ratio fe » 
approximately independent Of instrument impedance 
and the phase angle between line and terminal voltage 
is approximately zero. . ^ . . * ’ ' 

Commercial Form of Device 
As the name of the device implies, {he condenser 


be provided lor lowering wie voirage across whs ----- „„„„„ * * o 

step to the usual instrument voltage of about llOvolts.. Sl-SfiS.SSZ 


This may be done either by paralleling the last step 
with a condenser of sufficient size or by the use of a 
potential transformer. 

The transformer method is the better as it allows a 
greater current to be drawn from the potentiometer. 
than does the condenser method. With the transformer 
alone, however, only devices which are specially 
calibrated -cafi operate with accuracy. Any instru- 


iliustrates in detail the method of tapping the last layer 
of the condenser bushing. A flexible cable having 
7000-volt insulation is fastened to the last metal foil 
layer of the condenser, and extended to a moulded * 
fitting in the bushing flange. This* fitting is of the 
‘^lug” and “jdek" construction, having the tapped 
lead attached to the "jack.” All material and clear 
prices are designed to retain the insulating properties 


calibrated ♦cifn ^2 of the condenser bushings, as at present, thus obviating 

, ™ ent * avm «‘ ***** any possible trouble between tap and ground. When 

the instrum ent voltage to be out of phase with the t J b P ushingg are not connec ted to the potential device, 

*1, Ohio Public Service Co. h Cleveland , Ohio* ^ cap is provided for protecting the entrance to the 

2. Westinglioti«c^j!Jl 0 o. &Mfg* Co., East; Pitt^>urgh, Pa-» **jack/* ♦ ■ ■ 

:, Presented at the Winter Contention of Hie A ; /, R&, Ne ^ Vork) Th ^ potential device, itself, excepting tile synchro*- 
A Y>, FQbruartf 18-fr, 1928. Complete copies upon request, , xne . ... . ' -s ' ■ 1 
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oscope, is assembled in a small protective sheet steel 5. ( Variation of line voltage wave form. ' V " ' 

housing as’illustrated in Fig. 3. It is suitably-adapted Also Conclusive tests'were made to demonstrate the 
or bolting dnecti/ to the circuit-breaker tank at a adequacy of this device for high-voltage synchronizing* 51 

point near the condenser bushing tap. The connection Performance Obtained with Synchroscope. A 'set-up 
between the tap and housing is approximately two* was made-to determine the operation of the synchropo- 
to three feet in length, varying with the size of breaker, scope with this device subjected to various conditions. 

This connection consists of a ,7000-volt insulated Fig. 4 shows the phase-angle performance that may be 
flexible cable protected within a flexible metallic obtained with variation in frequency of the line voltage. 

•water-proof conduit Fittings are fastened to each This information was obtained, using similar condenser 
end to permit ease of installation. . ’ ^ bushing potential devices on either side of the syji- 

. e . equipment within the housing consists of a chronoscope operated from the same line voltage source. 

* The angular error is the deflection of the synchronoscope 

• needle.* This curve shows that the phase-angfe error is 
negligible when using two potential devices for 
synchronizing. 

In Fig. 5 is shown the phase-angle performance when 
an attempt is made to synchronize with a condenser 
bushing potential device on one of the lines to be 
synchronized, and a potential transformer on the other. 

The phase-angle error is permissible for synchronizing 
in the region of 60 cycles, but for greater ranges of 
frequency, the device should not be used when balanced 
against a potential transformer. The variation of phase 
angle, in either case, is practically unaffected by varia¬ 
tion in line voltage. The voltage performances ob¬ 
tained^ with a synchronoscope burden are illustrated in 
7^7 6. IJere; again, a constant voltage ratio is 
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Application 

This device may be applied to the standard condenser 
bushings assembled on circuit breakers, power trans¬ 
formers, or in separate containers, with the following 
limitations in burden, depending on primary voltage: 

1. 88-Rv. Line Voltage—10 volt-ampere, based on 110 

volts. 

2. 110-lev. Line Voltage—12 volt-ampere, based on 110 

volts. • 

3. 132-lev. Line Voltage—15 volt-ampere, based on 110 

volts.' ’ 

4. 154-l«v. Line Voltage—20 volt-ampere, based on 110 

volts. 

6. 220-kv. Line Voltage—30 volt-ampere, based on 110 
volts. 

These limitations are given for 60-cycle service. For 
60-cycle service, the burdens will be reduced to five- 
sixths of the above' values. For 26-cycle service, the 
device should only be applied to the higher voltage 
bushings since the maximum burden permissible is but 
40 per cent of the 60-cycle limits. 





angle error will not interfere with the usual synchro¬ 
nizing operation. 

Other Applications 

There are several other uses of the condenser bushing 
potential device in addition to synchronizing. The 
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Fig. 5—Phase-Angle Error When Synchronizing with 
Condenser Bushing Potential Device and Potential 
Transformer (Test Data) 






Fia. 4 —Phase-Anode Error When SrNannoifiziNo .with 
Two Condenser Bubiiinq Potential DhviobS (Tbs’AP ata) 



In case greater secondary burdens than those above 
are to be used, two potential deyices on the same 
breaker can be used in parallel per phase, thus allowing 
double the burden given above. 

The use of a potential transformer on one line to be 
synchronized, and a condenser bushing potential device 
on the other, is not recommended. Station layouts 
should be m^de to anticipate the use of a condenser 
bushing : devic£'on each of the lines to be synchronised. 
Under ‘this condition, thij maxijmum • phase?^|le : : 
, differential th^t may be expected between any two con¬ 
denser bushing devices throughout the commercial 
frequency range,. (60 to 70 cycles), is ai*-degrees. This 
error is due to possible manufacturing versions within 
the potential device, itself, and is designed to be practi¬ 
cally zero afr 60 cycles.’ This 
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Fia. 0 —Voltage Across Synciironoscoi‘e Terminals for 
Variations in Lind Vodtage and Frequency (Test Data) 

■ ’ : ' 

performances, as above mentioned, will apply here also. 

; In general, on applying this device the maximum 
permissible burden 1 should not be exceeded; otherwise 
the condenser hushing, itself, will be affected by unduly 
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• The potential device gives a very satisfactory indica- potential transformers for synchronizing purposes only.; 
tion of voltage although not sufficiently accbrate for Diiring the spring of 1926'an Electrostatic Glow 
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. . _ During the spring 

power measurements, Meter was installed, to provide a means .of synchroniz- 

. Voltage indication may be ohtained between phase ing more rapidly, and with fewer switching operations, 

and ground or between phases, depending upon the' While this installation was quite economical, it was 
relative connection of the secondary of the devices on reliable Only under favorable weather conditions, 
i* different'phases. Standard switchboard voltmeters In order to obtain a device operative under all con- 

■■ * can . ’ ^ used with fchis device for giving voltage ditions, the condenser bushing potential device was 

• indication and connected the same as when using installed in 1 .August, 1927. The cost was but slightly 

. . potential transformers. Curves similar to those given in excess of the electrostatic glow meter installation cost 

• launder pfiffomamce can be used as a calibration if and upon investigation it was found to be less than one- 
•i*, * sixth the cost of a potential transformer synchronizing 

*• « Frequency indication of a high-voltage line is also * installation. This new scheme, although Simplified, 
easily^ accomplished by use of the potential device, has all the advantages of the standard potential 
.Inasmuch as there is no frequency change within the ' ' 

• device, a true indication of frequency will be given. 

• The standard switchboard frequency meter can be 



lii«h 

Pv 

m/'-: 
W :;: ■ 


handled the same as when using the potential 
transformer. 

Probably one of the most important future applica; 
tions of the condenser Lushing potential device will 
be in the relay field. Generally, the device may be 


potential ^relays .provided the phase-angle and voltage 
performance^ characteristics are satisfactory for proper 
; functioning. In view of the fact that the device 
operates continuously, a potential source is always 
present. Due to simplicity and economy as com- 
||jj|f ; pared to potential transformers, the use of relay schemes 
: requiring potential should become; more general.' It 

* will be particularly useful where protection ^obtained 
by voltage indication between phase and ground, since 
«, M . tb© secondary voltage of the device is proportional to 

• . the voltage from phase-to-ground rather than between 

■ * • phases. This type of protection is in popular use ,on 
\ .low-voltage circuits and its use has been hampered on 
*high-woltage circuits due largely to the expense of 
i • • potential transformers. Protection requiring the use 

AJp * of phase-to-phase voltage may also be obtained by 

. ** proper interconnection of the secondary phase leads. 

* . First Installation 

• The first insta 11 - 1 -'— 

lill’KK: ing device has 1 


w- 


I 



Fig. 7 Condenser Bushing Potential Device as In¬ 
stalled on Breaker Tank 


glow meter scheme. 

The wiring diagram in Fig. 8 of the complete 
paper shows clearly the simplicity of the apparatus 
and the connections as applied to this installation* 


■ /Air * ^ a; • "T„. — ^ WWU11 * 11U W*- connections as applied to this installation* 

• * (Alliance, Ohio) of the Ohio Public Service Gpmpany A standard synchronism indicator, except lamps and 

. w,thverysatastartoryresults.. standard synchronizing plugs or switches, is uLd on 

_, Bluebell Substatiop is located near the center of a the switchboard. One of the potential devices installed 
*132-kv. transmission line, 45 mi. long, between Canton, on a 132-kv. G-2 oil circuit breaker is also shown in 
Ohio and Warren, Ohio. Since no other load is Fig. 9. : 

tapped from the line between Canton and Warren, It is the intention on future installatipnsto synchro- 
synchronizing at either terminal point is possible with- nize across one pole of each breaker beLr tha^lrom 
out affecting the Bluebell Substation.supply. This, breaker to breaker in order to permit a greaterfleSbS 
however, requires that synchronizing be accomplished in the switching set-ups*«and simplify' switchboard 
using low voltage circuits and necessitates considerable connections. 4 To cfcte, 50 .synchronizing operations 

Kaon 4.U ^ . , . 
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The Earth’s Electric Charge^/ 


BY W. F. G. SWANN' 



C \UR earth is not a neutral body. It is coated with 
y ’ a layer of negative electricity of sucli amount 
tRat, at the surface, there is an electrical potential 
gradient of the order of 150 volts per meter. This 
potential gradient diminishes with altitude until, at an 
altitude of 10 kilometers, it becomes insignificant 
compared with'its value at the surface, The potential 
gradient, and so the negative charge on the earth's 
surface* goes through fairly regular variations through¬ 
out the'day and throughout the year; variations 
amounting to 50 per cent or more of its value, 

The atmosphere is a very feeble conductor of elec¬ 
tricity, so that there is a continual conduction of nega¬ 
tive electricity from the earth’s surface on account of the 


,wiil be absorbed by'the layers of air below; never¬ 
theless, the earth will receive electrons from those layers 
of air which are, as it ere, within striking distance of it. 
The farther"the electrons are able to travel through the s 
air without absorption, the greater the thickness of the 
atmosphere from which electrons will be fired into the 
earth. As a result of calculation} it appears # that the 
replenishment of the earth’s* charge CoulS be accounted 
for satisfactorily by supposing that each cubic centi-l 
meter of the atmosphere supplied three electrons per cuj 
cm, per sec, and that these electrons were of such speed 
that they could travel a distance of 9 meters«m air, 
without absorption. The emission of only one electron 
per cu. cm, per sec. would be sufficient, providing wd 


field. The conductivity of the atmosphere is extremely 
small. A column of air an inch long, at the earth's 
surface, offers as much resistance to the flow of the 
electric current' as would a copper cable of equal cross- 
section extending from here to the star Arturus and 
back, twenty Himes over. Nevertheless, this small 
conductivity is ‘sufficient to insure that 90 per cent 
of the earth’s charge would disappear in 10 minutes 
if there were no means of replenishing the loss. The 
nature of this replenishment is the greatest of the 


were willing to assume for the electrons, a range of #7 
meters, and such an assumption is not unreasonable. ’ 
Two primary difficulties confront any attempt to* ' 
explain the earth’s charge through the agency of high¬ 
speed electrons shot into it. For we should expect such 
electrons to be capable of charging an insulated mass of 
metal exposed to their entry, but no such, charging ’ 
effects have been observed, A careful survey of the 
situation shows, however, that this difficulty is not 
insurmountable. 


outstanding ’problems of atmospheric electricity. 


The second difficulty inherent in attempts to explain 


Many years ago it was suggested that the earth's 
charge might arise from negatively charged particles, or 
electrons, shot into our earth from the sun, The dif¬ 
ficulty attending this explanation lies in the very great 
penetrating power which the corpuscles would have to 
possess in order to pass through our atmosphere, which 
is comparable, in absorbing power, with a column of 
mercury 76 cm. high. 

For many years we have had information pointing to 
the existence of a very penetrating radiation of a hard 
ray type, which enters our atmosphere from, out¬ 
side and breaks up some of its molecules into 
positive and negative charges. The source Of this 
radiation, is one of the most interesting speculations 
of cosmical physics today. By means of this radi¬ 
ation, it is possible to visualize one method by which 
the earth's charge may be maintained, for we 
know that when such rays eject electrons from atoms, 
they hurl them out in the directions of their own line of 
flight. The cosmic rays are like bullets fired down¬ 
wards from q, Ipt of guns in space, and the electrons 
which are knocked out of the atoms by these "bullets'' 
continue their downward flight. Those electrons which 
are ejected from the upper regions of the atmosphere 

H. Director of Bartol Reseawk Foundation, Franklin In¬ 
stitute. * < fljlvk 

Lecture delivered ai Winter Convention* of the A. I. E, E. f New 
York, N. Y., February IS, 1928, ; 


the earth's charge by high-speed electrons comes from - 
the disruptive action which these corpuscles might be 
expected to produce in the air through which they pass. 

If these electrons should* behave in a manner similar to 
that of such electrons as we meet in the laboratory, a 
stream of them strong enough to maintain the garth’s 
charge, on passing through the atmosphere, would , 
produce 10,000 times as much disruption therein as our" .* 
measurements of atmospheric conductivity show to^ 
occur. A closer scrutiny of this matter, however," 
shows us how we may relieve ourselves of the difficulty. * 
For it appears that electrons which travel with a 
velocity very nearly equal to that of lighi,—that is to 
.say, very nearly 186,000 mi. per sec.,—would have * 
properties vastly different from those of electrons of 
slightly less speed. The electromagnetic theory teaches 
us that if a swiftly moving electron should disrupt an 
atom as it passes, it would have to pay a sort of tax * 
in the shape of energy radiated, and this tax would be 
greater the greater the velocity,of the electron. To, 
hut; the matter in a way which appears to endow the 4 
electron with characteristics perhaps too humanistic, 
hilt which, nevertheless, have their counterpart in the 
cold criteria of mathematical theory, the electron knows 
the tax which it will be expected to pay, and if its 
velocity is high enough, that tax will be too great and 
the electron will know, how to avoid disrupting; the 
atom at all. It turns out that the velocity, which an , : 
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electron would have to attain in order that it could 
avoid disrupting the atoms of air through which it 
passes is only 45 meters per sec. less than the velocity of 
light, Thishappensto be just the velocity which Birl^e- 
land calculated many years ago as the velocity which 
electrons entering pur atmosphere, would have to have if 
• they could account satisfactorily fo.r the Aurora Borealis. 
• It is possible to adopt an entirely different view as to 
' the origin of the earth’s charge. Modern theory teaches 
us that the structure of matter is electrical; and a cubic 
centimeter of the earth contains so much positive and 
legative electricity that if these amounts could be 
Separated and concentrated at two points one centi¬ 
meter apart, they would attract each other with a 
force of a hundred million, million, million tons. A 
'very, very slow but continual death of the posi¬ 
tive electricity would leave a surplus of negative 
sufficient to provide for the atmospheric electric 
current. As a matter of fact, to account for the atmos¬ 
pheric electric current, it would be sufficient to assume 
a rate of death which was so slow that only one-half of 
one per cent of the earth’s mass would disappear in 9 
hundred million, million, million years. To merely 
postulate such a state of affairs without regard,to the 
other facts of natural philosophy would be to run the 
danger which ontfwould incur in things politic were he to 
alter one ofH;he nation’s laws without considering its 
bearing on everything else. It has been possible, 


however, to incorporate this idea of a slow death of 
electric charge as a result of the earth’s rotation into a 
consistent scheme of electrodynamics, and at the same 
time to secure that the rotation shall provide 'an ex¬ 
planation, for that other mystery, the earth’s magnetic 
field. Mpreover, it is possible to make this remolding 
of our physical laws so as to conform to the right ratio 
of the magnetic field of the eartlj, to that of the sun. 
Further, the theory suggests a possible origin of the 
known magnetic fields of sun spots, magnetic fields 
5000 times as great as that of the earth. Indeed, 
according to" one interpretation of the theory the 
. velocity of matter in the sun spots need be i>p greater 
than about 80 kilometers per sec. in order to provide 
for the magnetic activity which they exhibit The 
planet Jupiter presents us with another heavenly'body 
of interest for comparison for its diameter is eleven times 
as great and its angular velocity more than twice as 
great as that of the earth. The theory predicts for its 
magnetic field primarily two possibilities, a field twenty 
times that of the earth, or a field a hundred thousand 
times as great as the earth's field. The latter possi¬ 
bility, while speculative, suggests interesting^possibili- 
ties as regards the kind of aurora which' Jupiter might 
be expected to show and it is not inconceivable that the 
light of such an aurora may play a part in. explaining 
certain peculiarities of the light which appears to be 
reflected from Jupiter's surfa.ce. 
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Ideals of the Engineer' 


•.BY JOHN J. CARTY 

Fellow, A. X, EJ; 13, 


engineer ; : 

BTY 




N receiving this great honor, I do so with feelings affairs of man is a spiritual thing, then the engineer 
deep gratitude and not without a: senseof must beabsolvedfrom the charge ofmaterialism. He is 
humility, for I realize that the brain of the individual ah advocate for truth; his works must be tried in the 
i *- - — th knowledge inexorable court of Nature, where no errors are coni': 

take in only mitted and no exceptions granted. The work of the 

the 
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. Concerning the other pathway of evolution, he tells us 
the progress in intellectual evolution, no less than in 
physical, lies in the direction of increasing specialization 
and cooperation. But this progress, he says, is no 
longer taking place within the individual, hut in the 
specialization and cooperation of many individual#; 
The intellectual evolution of the individual may have 
come to an end; but whether or not this is true; it i# 
certain that the intellectual evolution of groups of’ ** 
individuals is only at the beginning. In social ev6lu- 4 
tion-—the evolution of human society*—CdWklin says 
a new path of progress has been found, the end of which 
no one can foresee. * 

Progress along this pathway, also; is vitally de¬ 
pendent upon the work of the engineer, •f.or the 
perfection of all forms of communications and trans¬ 
portation is essential in order that this new supeiv, 
organism, human society, shall achieve its destiny. 

Emphasizing the importance of this, Trotter, 3 another . 
distinguished writer on evolution, tells us that the - 
capacity for free intercommunication between in- 
"dividuals of the species has meant so much in the 
evolution of man, and will certainly come in the future 
to mean so incalculably more, that it cannot.be re¬ 
garded as anything less than a master element in tRe 
shaping of his destiny. ’ * . 

The use of the spoken word to Convey ideas * 
distinguishes man from all other created things. It is 
the function of the engineer to provide for the extension 
of the spoken word by means of electrical systems bf 
intercommunication which will serve to connect the 
nervous system of each unit of society with all of the > 
others, thus* providing an indispensable element in the 
structure of that inconceivably great and powerful 
organism which it is believed will be the ultimate out- 



unreasonable to expect that further ages must"'elapse 

before salvation by this form of evolution could be 

achieved. . ' 

« • • 

Such a view does not .afford much comfort to us, 
nor does it provide any basis for a practical program to ' 
guide Us. Even speaking in terms of the life of a 
nation, such a process is too slow. We must reckon 
with man as he now’is. Our problems must be solved 
by working upon him and through him, and cannot wait 
for the arrival 'of the hypothetical superman. Indeed, 
it is stated by an eminent authority that-there are no 
indications that the future man will be more perfect in 
body than the most perfect individuals of the present,' 
or than the most perfect men and women in the days of 
Phidias and Praxiteles. There seems to be no general 
agreement as to whether this process in man himself has 
actually ceased; but I believe,it is safe to say, in any 
event, that it is too slow in its operation to afford a 
solution of any of the problems that now confront us. 

. This, however, is not all that evolution has to offer. 

For even if thik one pathway should be closed to further 
great progress during our age, we are assured by that 
eminent authority, Professor Edwin Grant Conklin, 4 
that there are two others which are open to us, 

The first of these to be considered is one which is 
preeminently under the control of the engineer. 

Conklin tells us that the evolution of man, the in¬ 
dividual, is'rto longer limited to his body or mind; but 
by adding to his own powers the forces of nature, man 
■ has entered upon a new path of progress. • The differen¬ 
tiations of various members of a colony of ants or bees, 
fie tells us, are limited to their bodies, and are fixed and 
irreversible. But in human society, differentiations 
iifcare no longer confined to the bodies of individuals, but 
have become, as it were, extra-corporeal. And by his 
control over nature, 
the whole of his 
strong as the elephant, 

* swift as the antelope, nor as powerful in the water ps the 
whale, nor in the air as 
of the forces of nature outside < 
all animals in strength and delicacy of movement, and * j oined to each ot her; but in the social organism, the V>. 

in speed and power, on land, in water, and m air. ' units are individuals, not physically joined,- but free to * ^ 

The true object of engineering is not to create ma- move about at will. The connection between these 
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i.ouspowei-sof destruction which can be loosed in time of receive inor.e adequate financial support, so that it mayf 
war. Unless we solve the problem encountered in be prosecuted with ever-increasing vigor. If this is 
man himself, the outlook is dark indeed, and it may done, I believe that in the fulness of time, by further 
l||§£ even be questioned whether our civilization will endure, scientific discoveries, the physical development of'man 
tV/:*,. Human behavior presents the* most important and* will be improved, that many diseases will be entirely 
J .§^ e formidable problem of all the ages. Its eliminated, and that immunity to the others,.will'be 

mm-i.-. solution can be achieved only by profound and pro- achieved, and that feeble-bodiadness and ? feeble-' 

• longed researches, which shall bring to bear upon every mindedness will disappear. Thps will be removed 

• phase of the subject all of the resources of science. some of the greatest barrirs to social progress. 

While, in such a consideration as this, it would be In the great plan of evolution, the part assigned to 

r • folly to jgnoijg, the claims.of religion and philosophy, the engineer calls for the highest exercise of his creative 
it would be a grave error to conclude that, in order to faculties, for he*is to direct the evolution of man’s 
• avoid disaster, we must restrict progress in the applica- . extracorporeal powers, providing him wj£h more 
<tion of science to material things. On the contrary, numerous and still more powerful additions to his 
we must accelerate progress in all the sciences, for the feeble.bodily equipment. 

•knowledge thus gained will, be required in preparing The ideals of the engineer will not be realized' until 
^ the individual man to function as a sane and peaceful man has achieved his destiny in that social organism 
umt in the ultimate social organism. which is foreshadowed "with its million-minded knowl- 

•V- Scientific research in our universities and elsewhere, edge and power, to which no’ barrier will be insur- 
* .conducted solely, for the increase of knowledge, should mountable, no gulf impassable, and no task too great.” 
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Use of Very High-Voltage in Vacuum Tubes'' 

ftf.3’ by w. d. coolidge 

;-*f. Associate, A. I, E, ID, - * 

iv.;-. 
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SHOULD like to say a few words this evening about was quite independent of whether the filament was 
ppirapj! - Jif. a subject which has- interested me: deeply for lighted or not. ** 

feC;'. ; vf ;Ff e ^ era I years; namely, the use of very high-voltage Experiment showed that the determining factor was 
v m vacuum tubes. * not the magnitude of the applied potential difference/ 

Early in our work on the. hot cathode high-vacuum but rather the electrical potential gradient at the surface 

* ^ * ray tube, we were made conscious of a certain limita- of the cathode. The cold cathode discharge was 

tion. Such a tube behaved consistently only so long favored by close spacing of electrodes and by the 

. as a. certain applied voltage was not exceeded When presence of sharp edges and comers on the cathode 

VQltage ^ exceeded, xurrent flowed throughthe- structure. While our first acquaintance with the 

ev \ n when cathode was not heated. This effect had beeiynade at voltages of the order of magni- 
current increased rapidly as the applied voltage was tude of a hundred thousand, we found later that by 
i 1 * • increased. Depending on the design of. the tube, the placing the electrodes only a few mils apart and letting 

$ .. . discharge might pass directly from one electrode to the the cathode consist of a T.imr \mro oow 
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limitation, by subdividing the total potential difference 
applied to the tube between different pairs of tubular 
electrodes. The electrons coming from the cathode 
are then given successive accelerations as they pass 
between successive pairs of electrodes. This in effect 
divides the tube up into sections each of which may be 
good for as much as 300,000 volts. We have already 
successfully operate^ such a cathode ray tube, with 
three sections, on 900,000 volts. , . 

This cascade, or multi-sectional, system,'promises to 
let us build vacuum discharge tubes for as high voltages 
as we can generate. This applies as Veil’ to an X-ray 
tube as £o a cathode ray tube, as the latter may be , 
converted into the former by the addition of a suitable 
target. It also applies equally well to a high-voltage 
kenotron. 

This opens a vista of alluring scientific possibilities. 
It has tantalized us for years to think that we couldn't 
produce in the laboratory just as high speed electrons 
as the highest velocity beta rays of radium and just as 
peneti’ating radiations as the shortest wavelength 
gamma rays from radium. According to Sir Ernest 
Rutherford, we need only a little more than twice the 
voltage which'we have already employed, to produce 
X-rays as penetrating as the most penetrating gamma 
rays from,radium, and about three million volts to 
produce as high-speed beta rays, The capacity or 
quantity factor would be tremendously in our favor, 
as with tweivb milliamperes of current we would have 
as many high speed electrons coming from the tube as 
•from a ton of radium in,equilibrium with its decomposi¬ 
tion products. Another factor in our favor would be 
the control which we would have of the output. This 
would be quite different from our position with respect 
to radium, in which case no physical or chemical agency, 
at our command, in any way affects either the quality 
or the quantity of the output. 

We expect to find that a high-voltage positive ray 
tube, can be constructed along the general lines of the 
multi-sectional cathode ray tube. In this case, we 
should need, according to Rutherford, about eight 
million volts to produce positive rays having the'energy 
of the highest velocity alpha rays from radium. , 

The problem of vacuum tube operation at very high 
voltages is a two-fold one, as it involves not only the 
design of the tube but also the design of a suitable 
high-voltage source. 

It seems quite possible that it will prove advantageous 
to proceed along the lines of our present oil-immersed 
X-rdy outfit^,in, which the X-ray tube is placed in the 
same container, and in the same oil, with the high- 
voltage‘source. .With such an outfit, no part of the* 
high-voltage circuit is brought out into the air, and the 
corona problem is thereforejgreatly simplified, yMl 

”We now have, transformers good for several million., 
volts, even with the high-voltag& circuit brought put 
; into the #ir, aftd i£ should be possible for us to go much 
higher if the* whole high-voltage circuit is kept in oil.' ; 

• What shall we do with the high-hpeed particles Ob¬ 


tainable from tubes operating at a potential difference 
of millions of volts? The lure, of course, lies in the 
fact that we can't answer the question, beyond saying 
that ‘we shall experiment with them. They should 
eventually help us to ’further knowledge of the atomic 
nucleus and to further knowledge of radiation laws. « 

• 1 - - | 

AUTOMATIC CONTROL BETWEEN % 
CHICAGO AND OMAHA 

The last stretch of Chicago & N^rth..Westerns’ • 
main-line automatic train control installation, extending 
from Chicago to Omaha, is scheduled to be complete * 
and in service by May 1st. * ' 

This outstanding factor of safety and railrqaji effi¬ 
ciency marks one of the longest stretches of con¬ 
tinuous automatic train control in the country, and 
with the completion of this vast improvement™ *■ 
all Chicago North Western trains on the main line 
will pass under an invisible master control that,," 
is absolutely automatic, holding the speed of all 
trains within proper limits at all times independently 
of 'the engineer or train men. Under any and all 
conditions of the weather, day or night, It*safe¬ 
guards the movements of all trains and provides engir 
neers with a constant check as to speed, an<J the con¬ 
dition of the right-of-way ahead entirely ^independent „ 
of block system signals which are often obscured by 
fog thereby sacrificing speed for safety. 

The new system allows an engineer to operate his 
passenger train as usual but at a speed within range of 
safety. The maximum speed for freight trains by this 
system of control is fifty miles per hour, if the track 
is ^ cl ear. Should an engineer approach too closely 
a train or other unexpected restricted conditions ahead, 
the invisible master control causes a warning light in , 
the cab to change from green to yellow, at the same'' * 
time sounding a chime or warning whistle. This double 
automatic warning pf light and sound must (be im¬ 
mediately acknowledged by the engineer-in charge of » 
the train. The speed* of his train is forthwith reduced 
to below twenty miles an hour, otherwise -the brakes 
will be automatically applied, the control taken from " 
his hands and the train stopped. As soon-as the track 
ahead is clear again, the master cpntrol signal informs 
the engineer of the fact, whereupon he can a^ain pro¬ 
ceed at full speed ahead, up to within’the required .* 
safety margin of seventy miles per hour for passenger 
service. c ;. 

The Chicago & North Western was the first railroad* 
to install; continuous automatic train .control on so 
large a scale and at so great an outlay. Over 350 
locomotives and 1050 miles of track had to be equipped 
with the control apparatus,, , ■ 

The Clinton-to-Omaha installation was completed 
and in operation July 1, 1927. Engineers in charge of 
equipping the main line'report that this new installation 
into Chicago will be complete and ready for service 
Ma^y 1st Of this yea\. : ; • > 
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Abridgment of 


Certain Topics in Telegraph Transmission 

Theory 


BY H. NYQUIST 1 

Member, A, I. 15. E. 


Synopsis*—The moat obtnoua method for determining the distor¬ 
tion of telegraph sigjials is io calculate the transients of the telegraph 
sytiem. This method has been treated by various writer*) and solu¬ 
tions are av&ilabltfor telegraph liy.es with simple terminal conditions , 
ft is well known that the extension of JLhe same methods to more 
complicated temninal conditions, which represent the usual terminal 
4 apparatus , leads to great difficulties* 

The present paper attacks the same problem from the alternative 
standpoint of the steady-state characteristics of the system. This 
* method has the advantage over the method of transients that the 
complication of the circuit which results from the use of terminal 


apparatus does not complicate the calcfdations materially. This 
method of trectlment riecessitates expressing the criteria of distortion* 
less transmission in terms of the steady-siale characieristica. 
Accordingly t a considerable portion of the paper describes and 
illustrates a method for making this translation. 

A discussion is given of the minimum frequency range required for 
transmission at a given speed of signaling . In the case of carrier 
telegraphy , this discussion includes a comparison of single-sideband 
and dcnlble-ndeband transmission. A number of incidental topics 
are also discussed. 


* * * * * 


, Scope the corresponding transmission characteristics of the 

T HE purpose of this paper is to set forth the results circuit is explained and illustrated. 

’ of theoretical studies of telegraph systems which 7. An analysis is given of the carrier wave, and it 
have been made from time to time. These results is shown that the usual carrier telegraph requires twice 
are Rurally disconnected and in order to make a as much frequency range as the, corresponding d : c. 




Connected story it has been necessary to include a 
certain amount Of material which is already well known 
to telegraph engineers. The following topics are 
discussed: 

1. The required frequency band is directly propor¬ 
tional to the signaling speed. 

% A repeated telegraph 1 signal (of any length) may 
be considered as being made up of sinusoidal com- 


telegraph, other things being equal. 

8. A discussion is given of two alternative methods 
for overcoming this inefficiency of carrier telegraphy,—• 
namely, the use of phase discrimination and of a single 
sideband. 

9. After the d-c. and carrier waves have thus been 
analyzed a corresponding analysis is given of an 
arbitrary wave shape, including these two as special 
cases. Calculations are given on the shaping of the 


- ponents. When the amplitude and phase; or real cases. Calculations are given on the shaping of the 
and imaginary parts, of these components are plotted transmitted wave so as to make the received wave 
as ordinates with their frequencies as abscissas, and perfect.! 

” - when the frequency axis is divided into parts each being 10. A discussion is given of the dual aspect of the 

^ a frequency band of width numerically equal to the telegraph wave. The wave may be looked on either 

^ .speed of Signaling, it is foilnd that the information as a function <S o>, requiring the so-called steady-state 


conveyed in any band is substantially identical with 
~ that conveyed in any other; and the bands may be 




said to be mutually redundant. 


1 3. The Minimum band width required for unam- formation ne 
biguous .interpretation is substantially equal, mum-* ideal system. 


telegraph wave. The waVe may be looked on either 
as a function <ff o», requiring the so-called steady-state 
method of treatment, or as a function of t requiring 
the so-called method of transients. It is shown that 
the steady-state theory can be made to yield the in¬ 
formation necessary to specify the characteristics of an 


I ~ ~ encally, to the spefed of signaling and is substantially 
■ independent of the number of current values employed, 

b~ ‘I. A criterion of perfect transmission is selected; 

i t ' and a discussion is given of the characteristics which the. 
received wave must have to be non-distorting with the 
.requirement that the frequency range should hatVbes 


11. A discussion is given of the effect of interference 
and departures from ideal conditions. 

.. The economy in frequency range, indicated under 2 
and 8, should be considered as a theoretical limit which 
cannot be obtained in practise but which can be ap¬ 
proached, the closeness of approach depending on the 


^ 5. Directions are sketched for specifying systems to In practise, it is essential to limit the oost of‘terminal . . ; jj 

" ; . meet this requirement.' 1 . ‘ ' . apparatus and this, in turn, may lead to imperfect j; 

• ; ft!I :! 1 A# t i +1 1 1 r»o bi An Vi c. on M n era 


ir the discussioiy is . 
d ibis the character- ' , ; i 

referred to* above ■ 1 


- N. l’., Feirtiary ts-i?, 1928. Complete copies upon request. ’ (4, 5. and 6). These ideal systems have certain ideal 9 ] 
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transmission characteristics; while the reader is, given to enter into the practical questions of cost and detailed 
sufficient information to specify suitable equilizers to construction of signal shaping devices. While these 
produce an ideal system, there is no information given subjects are of great importance, it» is thought best to 
as to. how to proceed to build equalizers to meet the confine the paper to theory. Lest the reader should 
requirements. It is not within the scope of the paper .think this lack of equalizer theory a fatal weakness in 
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Fig. 4—Specimen of General Wave Form 
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Fig. .1—Discrimination Factor of C Signal 

'Showing the syrtunotry and redundancy of successive bands. Th& 
corresponding points'In tho various bands aro Indicated by the same symbol 
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Fig. 5—Instance of Non-DistoFtong Wave 

« 


> 

■*v ■ V u> 


-1 

-- ^ • 

A 



.0004 \ 


1* 


\u 

0002 \ • ' 



Fig. 2—Ideal Sitapb Factors 




Horo the criterion for distortionless transmission is t^t tho boighb of ttw . \ / , • 

middle of each signal olomont should bo imcjletor tod V ; ^ | V/ 

a and c roprosont real shapo factors which produce a non-distorting **. * * 

wave,-/, and d shape factors which mar bo added without producing Fl 0 —Transfer Admittance, n + iv, CoRRESPONDfNa *to 

distortion, tho formor roprosontlng a real and tho latter an Imaginary value 


the.'Non-Distorting 1 'Wavs Shown itf Fig, 5 
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Ki»te§fcp:": ■ • In this nguro, tho criterion of 
duration of each signal ele 
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Via. 3 IdbAT. Shape Factohb „ ' 

ho criterion of dlstoipuonless transmission is that tho width 1 Fia> 7 —Graphical Analysis of a- Transmission ; /, 

aohW-element at tho mcan-valuo^int should ho . Char ACTERfSTio - ■ 

<c.ft real.shapo factors which produce 5 non-distorting The sum of tho transfer ^^c^gat Vc, an d d 'A 

shapo factors which may bo added without producing transfer admittance show., at a. l'ho components, 4, «, and d. are chosen • • .y -., 

•mor ropro.Bntli«anlmGglnftry.n<ltllolii,t.rftrcrilTBlue *<»•'•• "..••no*.. ^ ‘ . 
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the whole theory presented, attention is called to'the 
discussion’of generalized wave shape; where directions 
are given for approaching the ideal case as closely as 
desired, by shaping the sent wave to take care of any 
residual imperfections in the transmission character-' 
istic. Finally, under the discussion of interference, 






Pig. 8—Graphical Analysis of 
Characteristic 


Transmission 


The sum of the symmetrical transfer admittances shown at b and c 
equals thrfb shown ate. The heavy lino in d is identical with the curve in a ; 
the thintjurve is the mirror image of the heavy one. The curve shown at 
^equals one-half the sum, and that shown at r equals one-half the difference 
of tho two curves shown ac d 
• 

mention is made of the effect of departures from the 
ideal in the matter of signaling speed, transmission 
characteristic, etc. 

• Explanation op the Figures 
Fig; 1 shows the successive harmonics of the c signal, 
which is made up of ten successive signal,elements as 
follows: 1,0,1,0,0,1,0, 0,0,0, where 1 denotes a mark 
and 0 a space. The values of the.harmonics have been 
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a . Pig 9 Example of Signal Shaping to Eroduce Distortion¬ 
less Received Signals 


on a specific oriterion of transmission. Fig. 3 is similar 
to Fig. 2 but applies‘to a different criterion for distor- 
tiohless transmission. 

By way of illustration, Figs. 5 and 6 give a non¬ 
distorting wave and its corresponding transfer admit¬ 
tance. The criterion for distortionless transmission in 
these figures is the same as in Fig. 2; 

Figs. 7 and 8 are for the purpose of aiding the dis- • 
cussion of single-sideband telegraphy. They show how 
a given admittance may be subdivided into parts which ■ 
possess symmetry relatively to an arbitrary frequency. 

By eliminating the waves due to certain of these parts 
■ the resultant received wave is made suitable for single- 
sideband transmission. 

Fig.- '4 illustrates the general type of signal element 
which is referred to in the paragraph numbered 9 
under “Scope”' above. Fig. 9 illustrates how a sent 
signal element may be shaped to compensate for dis¬ 
tortion in the circuit. 

LEGISLATION URGED TO CONSERVE OIL 

Overproduction in the petroleum industry is causing 
such waste that the Special Advisory 'Committee of 
Nine in its report to The Federal Oil Conservation 
Board, has recommended that national legislation be 
enacted to curb this waste. 

The Committee recommends that the proposed s 
Federal legislation “shall unequivocally*,declare that 
agreements for the cooperative development and 
operation of single pools are not in violation of the* 
Federal antitrust laws and shall permit, under suitable 
safeguards, the making, in times of overproduction, of 
agreements between oil producers for the curtailment of 
production.” In the opinion of the Committee 
legislation similar to this would be enacted by the 
various oil-producing States. 

A draft of a bill for submission to Congress was 
referred to the Federal Oil Conservation Board by the 
Committee of Nine. The conclusion of this tentative 
bill recommends that the Federal Oil Conservation 
Board *be authorized to prescribe the necessary and 
proper rules and regulations “to do any and all things ' 
necessary to carry out and accomplish the purposes of 
this Act.” 

ELECTRICAL TESTING BUREAU FOR 
CANADA . 

The Canadian government is asking Parliament for 
permission to establish a Canadian Burea’u-of Standards, 


J ; m ultiplied by a known function of frequency. # ^ 

% " comparing the harmonics indicated by the same sym- with directqr and facilities for the testing Of electrical 

bois m thefipire, it is made obvious that the harmonics equipment lan^appliancesi of all kinds.* Consent and 
above the fif th do not contribute any information about cooperation of the provinces have already been ob- 

" har ‘ Canadian.^ British 

n, r^ 1C8 o P u° a - inC l i. ngthe • * , ": applied to tjje government Ibrsuch a» bureau Here- 

Fig. 2 shows in what proportion the valufes of the tofore, in orjler to iriteet fire underwriter Srefn^Ss 
• harmomes given m Fig 1 should be combined m order i^ducts:^ 

that the received signal wave shoulcJ.be non-distorting of the Uilited States Laboratories . PP . 
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ILLUMINATION ITEMS . 

* * 

By Committee on Production and Application of Light 

* LIGHTING WARSHIPS ' 

In a paper entitled “The Application of Electricity, 
in” Warships”,* William McClelland deals .with the 
present lighting practise.on British ships. The subject 
is introduced with the following statement! 

“During recent years, considerable advance has 
been made in the science of illumination, and the 
importance of adequate and proper lighting is now 
.generally recognized. Bad lighting’ conditions cause 
eye-strain and inefficiency, react on the general,health,, 
and are responsible for many accidents. 

“In awarship, conditions are such that officersandmen 
must spend a large proportion of their time and do much of 
theirworlcin artificial light. Evenindaytime,compara¬ 
tively few compartments in the ship can be provided 
with satisfactory natural illumination. Further, war¬ 
ship lighting problems are of a varied nature because 
•of the diversity of use to which the compartments tfre 
put. 

workshops, sick-bays, engine-rooms, boiler-rooms, nu¬ 
merous auxiliary spaces and store-rooms, in addition to 
special armament spaces, such as magazine and shell 
rooms, turrets and control rooms. A high standard 
of vision in the personnel is necessary for the efficient 
performance of their duties, and it is necessary that 
this high standard should not he impaired by inadequate 
or improper lighting.” 

The author then considers the lighting problem in 
warships, the illumination values desirable, and the 
types of fittings in use. The British Admiralty speci¬ 
fications for lamps provide for shock-testing lamps 
after they have burned for ten hours, and the apparatus 
in which this is done is described and illustrated. 
It has been the purpose to obtain a metal-filament lamp 
that will withstand gun shock and rough usage, and the 


^several important uses to which they are put today on 
shipboatd. The types of lamps, reflecto’rs, carbon 
electrodes, shutters, ventilators, reduction of pressure 
(voltage) and operation are dealt with briefly. 

In addition to the application to lighting the many 
other uses of electricity on the modern warship are 
described at considerable length. 


METHOD OF CALCULATING RHEOSTATS v ’ 
FOR THE CONTROL OF ILLUMINATION . ’ 

AND ITS PRACTICAL APPLICATION* 

The design of rheostats for the control of illumination 
produced by incandescent lamps is complicated by the 
fact that the resistance of the filament varies conside?- 
ably with changes in current which affects the-distribu¬ 
tion of voltage across the rheostat and the lamps, Ifi , 
the article here digested is described a graphic method ^ 
which easily permits the exact determination of the 
sections of the conductors of such rheostats. 1 
The characteristic curves, based on the relations of- ’ 
.. . , voltage and current and of luminous flux and current, 

_ _?5 1VU1 ® ®P aces > offices, • ave plotted in percentage values. The scales of the 

two curves are so related that the external resistance 
(in per cent of the resistance of the lamp when operated 
at normal voltage) required to produce any’percentage 
of normal light flux can be detenfiined graphically. 
The results obtained in three specific cases,—namely, ■* 
(a) gas-filled lamps, wattages Above 100; (b) gas-filled 
lamps, wattages below 100; and (c) vacuum lamps,— 
are given in tabular form to show the resistance (in 
percentage of the resistance of the lamp at normal 
voltage) that must be placed in series with the lamp to 
obtain Various percentages of the normal light output, ;ii 
Two examples of the utilization of the method in the 
calculation of resistances are treated in detail; the 




' Wr 


amounts; the second, upon the reduction of illumination 
in steps following a logarithmic law. v 


■•81 
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,. The effect of operating a number of similar lamps in 

made the use of carbon filaments unnecessary. .... multiple with a common series resistance in studies ana , 

Average-and minimum values of illumination for cur y es | 3 given, showing the total liiimnous flux ob- 

various compartments of British ships are specified and tained with from one to six lamps with various values of, 

an abstract of illumination values for ships of the U. S; res |gtance (expressed in terms of,the resistance of a ‘ r 

Navy is also included for comparison. The article single lamp). * ~ \ ' 

states that _the figures for British warships compare It ig pointed out that when this externa! resistance : V " 
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St. Louis'Regional Meeting March 7-9. 

* All plans are,completed for the Regional Meeting which will 
be held March 7-9 in St* Louis, with headquarters *at the Hotel 
Coronado. This meeting was announced in the February 

% ^Journal, page 154, and with the exception of substituting one 
technical paper, no changes have since been ni^cle in the arrange- 
, «ments. Tiaohan^e consisted in withdrawing the paper Electric 
Equipment for Oil and Gas Locomotives and placing in the program 
, the paper Drive of Tandem Rolling A fills, by A. F, Kenyon, 
i Westinghous© Electric & Manufaotm*ing Company. 

* As already announced, the principal features will be a Branch 
conference, technical sessions on electrical machinery, power 
systems 4 and communications, a dinner-dance and inspection 

* trips. 

» * * - - ' 


Hotel ' ' ■ r ■ 

All of the technical sessions will be held at the Hotel Bdlvedere. 
As the hotels-in Baltimore are rather crowded at this time of the 
year, it is suggested that members expecting to attend this 
meeting make reservations as early as possible* Those desiring 
reservations should communicate directly with> the manager of 
the Hotel Belvedere. 

■ * Committee 

The general committee in charge of the meeting is ^ follows: 
J. L. Beaver, Vice-President in District 2, Chairman; Raymond 
Bailey, Secretary; M. R. Woodward, R. T, Greer, Leo Dorfman* 
L. G. Smith, R. C. Faught, Prof. L. A, Doggett* 

PROGRAM 

Tuesday, April 17 ’ 


Baltimore Regional Meeting April 17-20 

. » Middle Eastern District Regional Meeting, which will be 
held at the Hotel’Belvedere in Baltimore April 17-20* should 
develop considerable interest in view of the excellent program of 
papers to be presented at the* technical sessions, together with 

the inspection trips. 

• * 

.m ■ Technigal Sessions 

rrhe techmoal papers.will include the subjects of dielectrics and 
power; generation. Dielectrics and insulation will be treated 
* in one dfcssion o£ four papers. Papers will be presented covering 
the design of the Gould Street Generating Station of the Con¬ 
solidated Grb, Electric Light and Power Company. Other 
papers will deal with the Conowingo development of the Phila¬ 
delphia Electrio Company, covering such features as the general 
design^ the development, the 220-ky. transmission lines, quick- 
reaponse exo^tatipii apd stability calculations. 

Details of thd teohnical sessions are included in the accompany¬ 
ing program. ; v , • Try- 

„ Lecture op Dr. Wood 

On‘e of the principal features of interest at this meeting will 
V leo % 6 on Tuesday evening, April 17 by Dr. R. W. Wood, 
Professor of Experimental.Physios at Johns Hopkins University 
on vSpnnds^that Burn,” A 

• ••• • viV:-- ! : ' 

^ A : - Inspection .Trips* 

On Wednesday afternoon there wiU,he an inspection trip to 
the Gould Streei Generating Station of the Gonsolidjited Gas t 
^Electrio Light £nd Power Company. Oh Friday, April 20, 
"there will Hah all-day inspection trip to the Cbnowingodevelop- 
ment of the Philadelphia Electric Cqinpany, itunoheoh will be 
provided at Conowingo by the Philadelphia EleOtrih Company* 

■ : ■; * : » Entertainment 

Arrangements We Ijeen made for the entertainment of the 
adios throughout, tlfo meeting. On Tuesday afternoon, April 
17, the«, will be a Bridge party. On Wednesday afternoon 
ttwe will be a trip to Annapolis and tho Navel Aeademy. 

Provision will be made for those members desiring to play 
golf on Wednesday and Thursday afternoons. 

For those who may desire to form theater parties on Thursday 
gg* AprJI 19 > arrangements will be made for securing 

. Dinneh-Dancr . . 

_ Qn Wednesday, April 18, an informal dinner-danoe will be 

Mid in t)in mein n. . tt ..-it-. ... ■ : 


lu.uu A, u. 


Registration * Committee Meetings 

Afternoon 2:00 p, m 

* 

• Technical Session «> 

. Dn, J. B* Whitehead, Presiding 
Behavior of Dielectrics, R. R. Benedict, University of Wisconsin. 
Thermal Method of Standardizing Dielectric JPower Loss Mea¬ 
suring Equipment , J. A, Scott, H. W. Bowsmari, General Electrio 
Co. and R. R, Benedict, University of Wisconsin, 

Developments in the Insulation of Coils for High-Voltage Tairho- 
Generators, C. H, Hill, Westinghouse Electrio & Manufacturing 
Co, ♦ 

Drying and Evacuating of Impregnated Paper Insulatiori, 
J. B. Whitehead, W. B* Kouwenhoven, F. Hamburger, Jr., 
Johns Hopkins University. ■ 

Tuesday Evening 8:00 p, m. 

Lecture 

^Sounds that Burn" Dr. R, W. Wood, Johns Hopkins Uni¬ 
versity. 


\ Wednesday, April 18 

• Morning 9:30 a. m. 

Technical Session 
* W. S. Gorbuoh, Presiding 

The Gould St. Generating Station of the Consolidate^ Qas, Electrio 
Light and Power Company, A. S. Loizeaux, Consolidated Gas, 
^Electric Light and Power Company, 

Design Stiidies for Gould St. Generating. Station, F. T, Leilioh, 
C, Li. Follmer, R» C. Dannettel, Consolidated Gas, Eleotric 
Light and Power Company, 

Operating Experiences, Gould St. Generating Station, A. L, 
Penniman, F. W. Quarles, Consolidated Gas, Electric Light and 
Power Company. 

ApTERNOoh 2:00 p. m 

Inspection trip to Gould St. Generating Station, K ■ 

Evening 7:00 p* u. * ♦ 1 ^ • 

Dihnhr-Panpe.; •• 





THURSDAYi April 19 
Morning.(^30 ? a. m, 
Teohnical Session 


U' 
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• W. S. fa o ns ugh,* Presiding # T 
:• The Qo^owin^go, Hydroelectric Development on the Susquehanna 
; Alex. Wilson, 3rd, Philadelphia Electric Com^a^y* 
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INSTITUTE AND RELATED. ACTIVITIES ' 


219: ; ,4 


Electrical Features of the Conowngo Generating Station and the 
. Receiving Substations at Philadelphia, R. A. Hentz, Philadelphia 
I . :? > Electric Company. ' , • 

The »22Q-Kv. Transmission Lines for the Concaving 0 Develop¬ 
ment , P. H. Chase, Philadelphia Electric Company, 

• 1 ' :> : m ' ' Afternoon 2:00 p. m. 

^ . i 

Technical Session 

:;W. S. Qprsuch, Presiding 
I,.. Telephone System in Connection with the Conowiqgo Develop- 

i; ment , W. B. Beals, Chesapeake and Potomac Telephone Com- 

• * pany and E. B. Tuttle, Bell Telephone Co. of Pennsylvania. 

Quantitative Mechanical Analysis of Powe^System Transient 
£fL;:LV- Disturbance, R, C, Borgvall and P. H. Robinson, Westinghouse 
l:Va?7/’ Electric ahd*Manufaoturing Company. . • 

Super-Excitation for the Synchronous Condensers for the Con- 
|f5p ewitiQO System, D. M. Jones, General Eleotrio Company, 

X . Friday, April 20 

: * 9:30 a, m. 

/ * Inspection Trip to U 10 Conowingo Development. 

! - 

Regional Meeting at New Haven May 9-12* 

The Regional Mooting of the District No. I will be held in 
NowJIavcn, May 9-12 with tho Connecticut Sootion as host, 
j' -^V: The Hotel Taft wiH be headquarters. 

• ;j§. One of tho sessions Will bo dovoted to a joint symposium 

. arranged by the Committoos on Instruments and Measurements 

and on Rrotoetivo Dovices, It will deal with tho instruments 
available for study and measurement of system disturbances 
’ rV and with tlxo application of rolays and other devices to control 
the offocts upoif pystom operation, 

Throe other sessions will be based on four unusual technical 
H developments in the vicinity of Now Haven which will have boon 
!' about consummated by the time of tho mooting^ ’ Those are in the 
field of hydroelectric development, railroad, and street railway 
! power and morcury turbines. 

- Tho Connecticut Light and Power Company is completing a 

• development by which the excess flow of tho Housatonic River 
. will bo pumped into a storage basin through utilization (a) on 

i aomo occasions of a portion of tho excoss water power and (b) on 
r'^t \ other occasions of steam powor from otlior points on tho system, 
|§ . The result will bo an equalization of the stream itow and progross 
§ s toward a complete ooonomic utilization of the entire rivor. This 
will bo $ tho feature of an all-day inspection trip on Saturday, 
i||U May 12, and will also bo covovod by a paper by E. J. Arnborg, of 
pf|K tho Connootiout Light and Powor Company, Similar papers 
dealing with corresponding development of other rivers iff Now 
-vf ;.’, England and tho South mu iix preparation. 

I ' ’ ' ” " f • Powor for the trolley sysfcom of the City of Bridgeport is now 

boing supplied exclusively by morcury arc rectifier substations, 
one, of which is entirely automatic. This will be tho subject 
of two papors, ono by G. E. Wood, of tlio Connecticut Company, 

' on the principles and details of tho installation, and a second by 
• C. J. Daly, of flic Southern Now England Telephone Company, 
on tho, handling of inductive coordination between the railway 
feeder .system and tho local communication circuits. 
q : ’V The N. y„ N^TC? and H. Railroad oleotrifioation is now being 
■$;: supplied wifch^25-byel0 power through two variable-ratio fre- 
quoncy-ohangor sots,,ono deriving power from another,25-cycle 
III system, and tho second, powor from a utility system at 0 Q-oyclesr 
: :; TThis also will boHho subject of an inspection trip and papers by 
f ; Luckvig Encko of tho Railroad S. J. Burnham of the Goueral 
; v Electric CompanyQ. F. Somiohart, Common^altk Edison 
g Company and W, K. yandorsluis of tho Illinois Contoal Railroad, 
will also present of paper on a similar phase of tho Illinois Central 
I, - electrification. - ’ ’ ;’ r ^ • 

The 10 , 000 -kv-a. merotiry-boilor turbine ai tlio South Meadows 


station of the Hartford ICIectrio Light Company will be .operating ■ 
before the date of the sessions and there will be a paper’describing 
that installation and discussion by the Company officers on;the 
results of the operation. An inspection trip to this installation 
will also be made. * 

There will be another session including miscellaneous topics 
made up chiefly of 11 ‘initial^ papers by members of tho District. 

Tho Friday morning session will be turned over to tl^e Branches 
of tho Northeastern District for a student program, along,the 
lines of that at Pittsfield, in 1927. 

Tlio three evenings will he devoted to a reception and dance, - 
banquet, and theater* party, respectively.* Those attending the 
convention are to be given a complimentary perform ai?c?e by the, 
Yale University Department of Drarrta, at the University 
Theater.” : * 

- —.-- * 

The Summer Convention, Denver. 

June 25-29. 

The 1928 Summer Convention of the Institute will be held 
June25 to 29, in Denver, Colo., with headquarters at the Cosmo- * 
poll tan Hotel. ; ^ 

At this date a program cannot be definitely announced, but it 
is proposed to have papers on high-speed circuit breakers and • 
other.equipment used on electrified railways, transmission-line * 
sitrgo investigations, carrier-current communication, geophysics, •" 
operation of electrical machines at high altitudes, engineering 
education, and other subjects. The annual reports and reviews 
of tho Technical Committees will be given. m * 

There will bo also an annual conference qf Section delegates, * 
A tour to Yellowstone Park and other places is being arranged 
in connection with tho Convention as announced Lffiow*. # 
Further details of the program will be published subsequently 
in tho Journal. • ■ 

Institute Tour to Yellowstone Park 

A tour of Yellows tone National Park, by way of Colorado « 
Springs and Salt Lake City is being planned for Institute mem¬ 
bers and guests jti connection with ,the 1928 Summer Convention 
to be hold in Denver, Colorado, Juqe 25-29. 





SUM 


Shos hone Lake.and Dam as SEEN FROM THE Copt BiOAD 1 ' 

With Now York City as a starting point, tho entire trip will 
. he made in about eighteen days, including, the time apeiit in 
; Denver at * the Convention. The , time required from other; 
points will depend, of course, upon their location. The start will 
be made from Now York on the afternoon of June ,22 and .the 
j ! return to New York vftl be on July 10. 

■ :‘¥, r V' • . ' • 

■ : 

;; >•-; : : • • 

. .*• • 
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1 The route from New York to Chicago will probably be oyer At* Colorado Springs, # June 30, Pike’s Peak, the Garden of the 

the New York Central, and on the route members may join the Gods, South Cheyenne Canyon, and Seven Palls will be visited, 
party on the train. Members from other seotions of the country Enrouta from Colorado Springs-on July 1 will be seen the famous 

* _ Royal Gorge. * * r * 

Arriving in Salt Lake City on the morning of July 2, trips will 
bo made morning and afternoon, ancl at noon, the orgad rfeoital 
in the Mormon Temple will be heard. Among the tfrips which 
can be taken are those to Saltair Beach, the Bingham Copper 
Mines, and the canyons near the city* 

Leaving §alt Lake City on the evening of July 2, the party 
will arrive air the West Yellowstone entrance on the next morning. 

In Yellowstone National Park, four and'one-half days will 
be spent enjoying ,the many wonders of nature frhioh are there. 
Old Faithful and many other geysers, Yellowstone Lake, the 
Grand Canyon and Great Palls of the Yellowstone, Mammoth 
Hot Springs, Shoshone Lake and Dam are the prominent points 
that will be visited. 

Leaving the park by way of the Cody road the party will take 
the train at Cody on the evening of July 7 and will arrive in 
Chicago July 9 and in New York, July 10. 

A most enjoyable feature of this trip will be that all arrange 
:J ments for railroad and pullman tickets,.hotels, automobile tours,, 

baggage transfer, etc., will be made by the travel bureau which 
% has been authorized for the trip. 

The cost of the tour, depending on pullman accommodations 
desired, will be as follows, with New York as the starting point. 
Rates from other points will differ according to the location*. 

COST OIT TOUR STARTING Ah’ NEW YORK 

One in One in Two in Two.in Three in 

upper lower compartment drawing room .drawkig room 
berth berth (each person) (each person) (each person) 
*360 *376 *308 * *139 * *393 

The tour is arranged on the all-expense pYan and the cost 



The party will arrive at Denver oir Sunday evening, June 23, includes round-trip railroad and pullman transportation, side 
1 ^ v ;S .:.v. ■ :• trips, accommodations at first class hotels (rooms with batji, 

> .■ ■' - ■■■!•.' ■ ""■..r-:--:.-o: :• : •' twin beds) including the Cosmopolitan Hotel, thq headquarter* 

of the meeting, all meals (except at Denver) transfer of passengers 
and baggage, sight-seeing and touring oars, in fact all necessary 
expenses except meals at Denver, trips in Salt Lake City and 
tips. 

The oost does not include private baths at Yellowstone Park. 
Such accommodations are limited, but private bath accommoda¬ 
tions will be secured for members of the party who desire them 
there, at slight additional cost. ^. 

All who are interested in this tour are requested to oommuiu- 
• cate*with the travel bureau, The Henry Tours, Inc., 565 Fifth 
Avenue, New York, N. Y,, wliioh will make arrangements. The 
: : bureau will givo information on nil matters. 
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The Sixteenth, Winter Convention 


The Winter Convention lield in New York, February 13-17, 

-■ followed the tradition of its predecessors in presenting a program 
of very substantial technical papers, but offered in addition a 
; v . : ; number’of lighter features which attracted large and interested 
‘ audiences. * The total attendance of members and’ guests 
numbered about 2000. 

•. \ Monday Afternoon 

!:;• : The technical session on Monday afternoon was hejd under the 

|VT" ' auspices of the Committee on Electropliysics, Professor Karape- 
toff, Chairman,, and the general subjects of the papers were 
/ffC eleotropliysics and dieloctries. * » 

;• The first rnper presented was on Surge Impulse Breakdown of 
'Air, by J, J. Torok, and was presented lu abstract by the author, 
r; The next paper was entitled the Influence of Internal Vacua 
and Ionization on the Life Duration of Paper-Insulated,'High* 

1 Tension Cables , by Alexander Smouroff and L. Mashkileison of 

Leningrad, Russia. In the absence of the authors the paper was 
4 presonted by Mr. Del Mar. 

; ' These two papers being on allied subjects were discussed 

J V together by Messrs. Dbl Mar, Forfcesouo, Duncan, Dawes, 

: : Slepian, Davidson, Salter, Connell, Peek, Lee and Wiseman! 

;•* 1 • with closures by Messrs. Torok and Del Mar. • f * 

!>./* ;• The next paper on the program was Approximate Solution for 
■,4 : vf; j Electrical Networks by Mr. E. A. Guillomin, who presented this 
. v- ' paper in abridged form. 

The last paper o£ fchb session was entitled The . Bollzmanur 
ill-.- Jlopkinson Principle' of Superposition as applied to Dielectrics, 
Sft;-:; by Prof. F. D.,Murnaghan of Johns Hopkins University, This 
was abstracted by Dr. Slepian. Tho discussion which followed 
: ! waa by Messrs. Bush, LeGliait, Haiti, Prof. Whitehead, (read 
Qjfe'- by Mr. MoEachrqn), and Slepian, 

‘ Monday Evening ..y 

’The meeting was called to order by Professor Karapetoff who 
> introduced the speaker of tho evening, Dr. W, JV G, Swann, 
‘|S-;*:/:Direot°r of the Bartol Research Foundation, Franklin Institute, 
S avo an interesting lecture on VTlie Earth’s Electric 
}^{^d Charge.” At tho close of his lecture, Dr, Swann consented to 
'.answer tho questions which might be asked and considerable 
time was spent in explaining a number of points which were 
brought up by many in tho audience. . 

V Tuesday Morning . • \ 

The technical session on Tuesday morning was .under the 
lll^ ^uspioGa of the Committee on Power Generation, W^Qorsuoh; 
SS?||4;,Chairman, and tho subjoct of tho meeting was ihtercbnhecJion 


illustrated his remarks with a number of lantern slides. The 
paper was discussed by Messrs. Jewett, Gherardi, Behrend, 
Fond ill or and Ilorzog, with’closure by Mr. Shackolton. 

The next paper, Tho Effect of Humidity on Dry Flashover 
Potential of Pin-Type Imitators „ by W, W,. Shaver and J. T. 
Littleton, Jr., was presented by Mr. Shaver and discussed by 
Messrs. E, B„ Clark and Harding. 

The last item of this session was a lecture by Dr, Harold 
Norinder, of Upsala, Sweden, who spoke on-the subject of th^e 
'‘Cathode Oscillograph as Used in the Study of Lightning and 
Other Surges on Transmission Lines.” Dr. NdMuderV lecture, 
was illustrated with a- large number of lantern slides, and the 
discussion was by Messrs. Ropor and McEachron. * 

Tuesday Evening 

Smoker • * 

A very congenial evening was spent by the 600 present at the 
Smoker held on Tuesday, February 14, in the Belvedere Room 
of the Hotel Astor. 

II. A, Kidder, the toastmaster, introduced in succession th^ 
Radio Tramp; a burlesque wrestling match; and the principal 
speajeer of the evening, Strickland Gillilan, a humorist who 
created much laughter. Enjoyable music was furnished by the 
Brooklyn Edison Orchestra. The eyoning closed with a buffet 
supper. ' ... 

Wednesday Morning * • 

Tlio morning session on Wednesday was held under the . 
auspices of the Electrical Machinery Coirilmtteo, Mr. F. D. 
\Newbury, Chairman, Presiding. Three papers dealing «with 
synchronous machines wore first presented as foIloW?: 

Synchronous Machines—IV, by R, E, Doherty and C. A, Nickle. 
Calculation of Armature Reactance of Synchronous Machines , 
by P. L. Algor. 

Reactances of Synchronous Machines, by R. H. Park and B, L. 

Roller fcsofi; V : _ - • m 

These papers brought forth, quite a voluminous discussion by 
Messrs. Kefmelly, Lindner, Behrend, Treat, Lyon, Dawson, 
Hpbart, Sp oncer* Stand, Henderson,jD bherty and Park. 

The last finper in the session, The Thermal Volume Meter,* 
by G. W. Penney and C, J. Fechlieimer was abstracted by Mr. 
Penney, and discussed, by Messrs* Hobart, Dawson, Armadroid, , 
Barns, Feohhoimer closing the discussion. / 

V. ; ■ WEDNnsp^ijr Afternoon : : * -v. . ^ 

The technical session on Electrical Machinery continued 
Wednesday afternoon with, four papers. Two of these were 

nVAsnrhtnf] r first. '.••Tiii.iivAnrim.iMJa i-n 


,1 • jl 


and its off cot on powor development, _ . ; presented.; first, [RbceM Improvements ij% Turbine Generators, 

The session comprised four papers on various phases of' Inter- by S. L. Henderson and C. K. Soderberg, and Design and Appli- 

: : commotion by W. O. L. Eglin, W. E. Mitchell, P. M. Downing oalion of TibriPtole Sytichronoua. Motors, by Messrs.; D, W. " : v 

c and H, B. Goar. Following the presentation of these papers a McLehegan and I. Ht Summers. A long discussion foLlowed by 

number of written discussions wore presented by Mfcssrs. A. C. Messrs. Foster, Behrend, Ross, Roth, Field, Merten, Owen, 

• Marshall, James Lyman, Farley Osgood, E. 0. Stone, L, W. W. Williamson, Henderson, Soderberg, Summers and McLenegan. 

it Morrow, W. S. Lee, C. F. IHrshfeld, F. A. Allner, with closures Tho next two papers wore then presonted: Effect of Tninsionl : * 

by N. E. Funk, W. ID. Mitchell and II. B. Gear. Tlio whole Conditions on Application oj D. G. Compound Motors, by L. R. ^ 

* session formed a. valuable symposium on the subject of Inter- Ludwig, and i/eul Losses in ikeyConductors of d D, G. Armature, : ’ 

oonneotion and tho papers and discussions in full will appear in by W, V. Lyon, E. Wayne and M. L. Henderson. The disous- 

; an early issue of tho^Quarterly Transactions. sion which followed was by Messrs. Henderson, Park, Franklin, Z,: . 

k . -- , ’Vtudsdat AnmNOON Behrend, Ludwig and Lyon. 

k, .. ' '; The aossion on. Tuesday afternoon waa on a variety of mis- . • ; ' ; • . / ; ' 'WwuNissDAY'-E vening 

oellauobus Bubjeots’arid Mr. H. P.* Charlesworth, Chairman of Wednesday evouingt was deypted to the presentation of the 
Jho Mootings and^apors Committee presidod. John Fritz Modal to General John J. Carty and the Edison 

; T^o first paper, The Saturation Pjrytcameler, by 8. L. (jokhalCi Medal to Dr* W. D. Coolidgo. Preceding tho medal presonta- 

■ : vwaa prosented by tljo author dhd Was discussed by M-osers; tlons, a dinner was givon by the Institute to the medalists at tho 1 

l Kouwcnhqven and Lipilolt with f closure by*Mr, Goktatei 4 4 ;V . Engineors^ Ghib; attended-by more than fifty, including past 

, The next paper m\s entitled Manufacture aiH. Magnetic modhlists, members of tlvo John Fritz and Edison Medal Boards 

| : : Properties of Compressed Powdered Permalloy, by W. i, Shackol- of Awards, the presidents and soorqtarios of tho Founder 8ociie- * 

■ ; •, ton And I. Barber. It was prosonted Ivy Mr, Barber, whj tics, and members of tl^ Board of Directors of tho Institute. A ; : ; 
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full account of the medal presentations is ..printed Elsewhere in 
this issue of the Journal. ; * 

• * Thursday Morning 

’■ This session, which was held undey the auspices of the Gonx- 
inittpeop- 6omrauhicatians, included as its main feature the joint 
s^siofr , with the British Institution t of Elecfci*ical,Engineers in 
LOndon by means of transatlantic telephony, the technical and 
operating features of which were, discussed bfcfora joint 
rpeeting in papers presented by O, B. Blackwell and K. W. 
Whter*sori, Also, a motion picture n Voices Across the. Sea,” 
^as shown. The him gave an insight info the principles in¬ 
volved, toe apparatus required, and the routes that were followed 
In thp combined land qu,d transoceanic communication channels 
utilized for carrying out the joint session. A full account of the 
joint session itself is ' printed else where in this issue of the 

• Journal. 

Following the international meeting an intermission of ton 

• mini^fes intervened, after which the meeting was called to 

* order by Chairman Drake and the following paper was presented: 

• *. Loudspeakers of High Efficiency and Load Capacity, was the 
title of r the’ paper presented' by Air. Hanna, who followed the 

• presentationAvitli a demonstration of a loudspeaker installed on 
T •• the. platform.. A number of phonograph reoords were repro- 

• diiced through this loudspeaker which gave a volume of sound 

quite.out of proportion to tjie size of;the engineering auditorium,. 
This paper was discussed by Messrs. Fletcher, Kennedy and 
Jones, tfvith a closure by. Mr. Ilanna, - y - 

• ,f^h& Ia§t paper in. the session-was eutitled Certain Topics in 

* telegraph Transmission- Theory , by H. Nyquist, and was pro- 
^eut^d in*abstrao£ by tjie author. As Mr. Nyquist’s paper was 

• of a type difficult to discuss orally t the Chairman advised that 
anyone prepared to discuss the paper should submit a mitten 
discussion. The mee ting then adjourned. 

;’ ! . Thursday Afternoon 

* Thursday afternoon was devoted to inspection trips, of which 
there was a.great variety, fifteen separate trips being scheduled. 

A; large number of visitors; however, took advantage of each of. 

* timse trips; The Board of Dire etors also held its regular monthly 
meetjng 6n Thursday aftotmoon. A brief resume is printed 

• ‘elsewhere in this issue. Vy*'-?' 

I > V ‘ 1.. Thursday Evening 
i v ( ; : The annual Dinner Dance wasjield on Thursday evening in the 
W-3:? Grand Bull Koom of the Hotel As tor. The; dinner was served.at 

* 7*30 and from 9 :00 o'clock on, the sevbh hundred guests enjoyed 
" dancing to the innsic luriiished By the WEAF Vagabonds, : 

@ !f&) Friday Morn in a- 

,r 5'The .technical session on Friday morning was held under the 
auspioes *bf the' Committee - oil Protective Devices, Mr. F. L* 
fomt, Chair man. In the absence of Mr. Hunt, Who was unable 
to attend, Mr. II. U. vSiunmerhayes presided. 

. The jjrsfc paper was by MjtV Ov J. Betty; on Automatic Control [ 
: of Edison Systems, This waA discussed by Messrs. Aintpniono r . 
Inchtenberg, Suimnerhayes, Hough and Wallaii, ^th.hip.^r^:’.by.’. 
tho author. ; ■ / •;.; . 1, V.:. . _ v ' 

. The next paper, Protection of /Supervisory Control Lines Against 
, Overvoltage, by Air. Ed ward Beck,Ava^ abstracted-by the’author 
1 ,; find disoussed by Messrs, .Floyd, Lichtenberg, Antoniono, with 
^ t ^ closure by Mr. Beck* -.A • V 
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'in ‘Synchro^nizing, by' B. E. Spracklen, 

P. O: Langguth, was xhegented ’ by Mr. 
followed..by.Messrs. Eby and. Crumley with closure by Mr. 
P. 0,.Langgiitli^. .. . y ; - 

. : ' Friday’Afternoon 

- The* final technical session of the Convention was on Friday 
afternoon,' the subject being Arc Welding and the papef swore pre¬ 
sented under the auspices of the Committee on Electric Welding, 
Mr. J. G, Lincoln, Chairman, presiding.. 

Mr,■ J., Bf Green presented his subject by means of lantern 
slides and nfotion pictures. His paper was ^entitled, Effects of 
Surface Afaknols on Metallic Arc-Welding. Electrodes , and 
described some research work which had been carried out by the 
author, covering quite a long period of time. Mr, Grech’s paper 
brought forth quite a large number of questions, wlfioh he . 
answered fit considerable length. The discussion was by Messrs. 
Morgan, Hobart, Lincoln, Wood, Gilmeyor, Dressier and Candy. 

The next paper on the Influence of Surrounding Atmosphere 
on the Arc, by Mr, P. Alexander, was abstracted by the author 
and discussed by Messrs. Thomson, Herzog, Keel, Sheffer with 
closure by Mr, Alexander. . 

,-At .the close of this discussion Chairman Lincoln exhibited 
apparatus Which lie had prepared, illustrating a phenomenon 
^wliich had not been put in practical use, but which seemed to*ba 
of interest with regard to what happened in the arc which was 
exhibited. This experimental demonstration w.as discussed by. 
Messrs. Churchward, Lampe, Thomson and the Chairman, 

' Next followed a paper by Mr. A, M*. Candy on Arc Welded 
Sfructfures arid Bridges. This was discussed by Mr. Edwards. 

The final paper of the Convention, Welding and Mantifacluring' 
of Largo Electrical Apparatus ,^ was then presented by,its^author,’ 
Mr. A. P, Wood. ' This paper was discussed by Messrs.' New¬ 
bury, Barns, and Owens, after which a ratherigeneral discussion 
on arc welding ensued. 

• At the close of this discussion Mr. Charlesworth took the Clutir 
and after a few brief remarks declared the Convention adjourned. 
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Summer School for Engineering Teachers 

r - , 4 ’ i • ‘ .4 

The Summer School for Engineering Teachers which was 
established by the Society for the Promotion of Engineering] 
Education in 1927 is to continue its sessions during the coming 
summer. Two schools will be held: one for teachers of physics 
and the other for teachers of electrical engineering, As In4927, 
when mechanics was tho subject studied, the purpose will bo to 
study the principles and methods of teaching rather than to' 
review actual content of subject matter. 

* The session on the teaoliing of physics will be held at the 
Massachusetts Institute of Technology under the directorship of’ 
Dr. S. W. Stratton, President of the Institute. The session on 
electrical engineering will be held at Pittsburgh under the joint 
auspices of the University of Pittsburgh and the Westinghbiise 
Electric and Manufacturing Company. Dr, F. L. Bishop of tlie> 
University of Pittsburgh, Secretary of the Society for the Promo~ : 
tion of Engineering Education and Professor Charles F. Scott of J 
Yale University, Chairman of the Society’s Board of Investiga¬ 
tion and Coordination will serve as Co-direotqrs^f the Pittsburgh 
session of the School. Professor H. P. ifaprtnom^ Associate 
Director of the Society’s Investigation of Engineering Education 
is in general charge of the •School. - Both 'sessions wilk be* of, 
three weeks duration and will begin shortly After July 4, The^ 
success of the work in 1927, w^en it was necessary to restrict the 
enrollment because of the number of applicants, indicates "that 
The next paper, Vacuum-Ttibe Synchronizing ^ the sessions 6f 1928 wjjl be well attended? ^The Society makes ^ 

f ' 1 ‘ ,T "" ' ' nominal ohaige of ten dollars, ae’a registratio^fee. The.sphoolB 

are open to teachers of engineering students from arty college or 
teohnioil- school in the United States or Canada,f C r •'. » 


Lightning Experience on 132-Kv. Transmission [Lines, by 

.... ( Sporn,- was next presented by the author and discussed by 

Messrs. Kates, Austin, and Vincent, with closure by Mr. Sporn, 
:\The next paper, Vacuum-Ttibe Synchronizing Equipment, by 
T; A..E, Belt and N. Hoard, was -presented By Mr.!Belt» wip 
illustrated liis presentation by means of motion pictiire films, 
Tljie las I? paper in the^ : session, JJse of Gpndenser ' TppABushing 
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Joint Session With, the British Institution of Electrical Engineers 

QWING to the deep significance and historic value of tlie joint session with the British Institution of Electrical Engineers .held 
during the midwinter convention through the medium of transatlantic telephony, thg proceedings of this meeting are pub¬ 
lished horewitli in fijU- . 

Preliminary to the joint session, a paper wa3 presented by Mr. 0. B. Blackwell discussing the technical problems involved in 
transatlantic telephony. Following Mr. Blackwell's remarks, Mr. K, W. Watorson outlined the operating problem, of this- service. 
Both of these papers will appeal’ in a future issue of the Journal. At the dose of Mr. Watefson’s address, President Gherardi called 
upon Mr. Charlesworth to say a few words in regard to the meeting in London and to arrange for the joint session, • 1 


Mr. Charlesworth: Mr. President, Members and Quests: 
Before proceeding with the joint session with out; associates in the 
British Institution of Electrical Engineers, lVisli to say just afew 
words concerning their London mooting in order to help you to 
visualize the nature and significance of our joint session. 

Our British associates are assembled in the auditorium of the 
Institution of Electrical Engineers Building located' on • the 
Victorian Embankment. The time is about three-thirty in the 
afternoon. Their meeting includes their President, Archibald 
Pago, Chief Engineer of Central Electricity Board, their Vice- 
President, Colonel PurvoS', Engineer in Chiof of tho British Post 
Office, the full Council of tho Institution, members, and invited 
guests from all parts of Great Britain, men prominent in all' 
branches of tho^eloctrical industry. As in the case of our own 
moating hero, a separate auditorium has been equipped with loud- v 
speakers to provido for an overflow meeting. The., same film 
which you saw earlier this morning has been shown. 

* Through the n^odiitm of developments which have boon made 
in electrical communication, wo are in effect to wipe out the great 
distance whjoh separates tho mooting places of our two societies, 
and to come together in a joint session in which out respective 
Presidents may exchange greotings in our behalf and in which 
other distinglijflhod representatives of our two societies may tak© 
part. By means of tho loudspeakers, we shall all bo ablo to hoar 
those proceedings as though we were all located in one great 
auditorium. ' 

In ordo^ that you may further visualize tho proceedings taking ^ 
plaoo in London and those who will address us, I shall ask that 


exceedingly interesting and likely to live not only in our memor¬ 
ies, but to be quoted by succeeding generations^ electrical* 
engineers as marking an important milestone in the advancement 
of electrical science. I am sure I interpret the desire of Jhose - 
assembled if I request Mr, Ghoradi to address ns, which I now d^. 11 
Mr. Gherardi: Mr. President and Members of the Institu¬ 
tion of Electrical Engineers: On behalf of the American'institute 
of Electrical Engineers, I extend to you greetings and our best 

wishes. ..... 

We are meeting here in New York at our Winter'* 
Convention/ In the .auditorium of the Engineering Societies 
Building in New York City, from which I am speaking, there * 
W assembled about one : thousand members of our organization * 
from all parts of the United States, from Canada, and from other 
parts of the blow World. Arrangements have also been made for 
an overflow meeting and several hundred are there assembled, 
and, by means of the loudspeakers, are able to hoar all Shat takes 
place at these proceedings. * 

V lt is with the greatest satisfaction that,, as a result of t£e 
accumulated work of the scientist, the inventor, and the electrical 
engineer, it is possible for ns to hold this joint iitfeUhg^the first « 
of its kind. It is with feelings of deep appreciation and respect 
tliat we think of the men who have exemplified the ideals of your 
organization Earaday, Maxwell, Xelvin,—-and pf the many 
others, post 1 and present, who have contributed to i electrical 
engineering and to tho scientific foundations upon which it*rests. 
Those developments have been notable and have contributed in 
the greatest, degree to tlid welfare of mankind, One of those 


tlioif plofcuvos bo thrown on tho swoon. (At this point imrtnfts. devolopmonts’is tho art of olectrieol cbinmuiiioatiou—the electrio 
of Mr. Arombald Pago, Colonel Pnrvos And Sir Oliver Lodgo wore telegraph and the telephone. Those have made eommunioatipn 
shown.) ' . , ■ ; , • Independent of transportation and no longer subject to all of its 


mm. 


shown.) 1 •: \y 

Colonel Purvos has just finished malting a statement to his 
associates conoeruing our mooting here in New York. 

I shall now speak to Colonel Lee, who is*at the telephone in 
London, and wo shall than proceed with, our joint session. . 

Guod morning, Colonol Leo. f y. /' - ; ..• y, 1 . r 

Colonbl Lee: Good afternoon, Mr. Charlesworth. -y 
f<J jyju P Charles worth: Are wo ready to procoed with our joint 
spssibn, Colonel Leo? , ’ , * 

Colonbl Lnn: Woaro,Mr.Charlesworth. .y A 

r . M^i, Charles worth: I shall hand the telephone to Mr* 
Bancroft, Gherardi, President, of the American Institute of 
Electrical Enginoors. 5 * 

r .Colonel him : I shall also hand tho telephone to Mr. Archibald 
I^ago, President of the British Institution of Bloctrionl Engineers. 

Mji! Giieiurdi: Good morning, Mr. Pago, 

' Page: Good afternoon,Mr.Ghorardi. 
v jyin. Gjibrardi: Mr. Pago, it would , give us the greatest 
ploaaur^and^ithtfactionif, as the President of tho Institution of 


difficulties and delays. By the telephone, distance has not only 
been annihilated, but communication by means of the spoken 
word has become possiblo. 'Starting in 1876 ttibh' instruments 
and lines which with ■ difficulty permitted communication ever 
distances limited to a few miles, the telephone art has been* 
improved year by year up til continents have been spanned and" 
at last even the limitations of the Atlantic/.Ogean have ; been 
overcome, and today telephone conversation between the two 
great capitals of the English-speaking world; is. a rpality. . We" 
aro gratified. that trailsatlantie communication has made this 
ipeeting possible; it has nddod one more to the many ties existing, 
between our ,two institutions and has added still another pppor- 
tuiiity for friendly communication between *us. , ^ 

Chairman ‘Page : Mr. Gherardi, and* Gentlemen: (I should * 
add also Ladies, as we have'a'few of tho fair sex with us here in 
London this afternoon) Please regard me for the time being, iiot os 
Chairman but rather *as representing the thirteen thousand 
members of. the Institetioh ,of Electrical Engineers. My first 
desire is fccy thank you, shy for your most ldn’d message of good- 
will to us-all,' In turn, we hail the President and members of the 
American Institute of Electrical Engineers with feelings hf the 


I K y!; ;, '-ICto6to’jcal♦ Bngihoors which was founded in 1871, tllirtoon years ddsiro is fco^liank you, sir* for your most'kind message of good- 
j|tl|y bqfpro tlie founding of our Institute hero, you would: act as . will to us.-all hi turn, we hail the President and members of the 
Chairman of this joint mooting, : . t- American Institute of Electrical Engineers with feelings hf the 

^ Chairman Page: Thank you, Mr. Gherardi. I..regard it. as a utmost.’warmth and of everything included in the term good 
great honor to bo asked to takjjAlRjohair on this historic oppasion, comradeship. 1 y ■ ;./ .'•/ ;y.. y ;i - 

r It ie also a.gracious pomplimont to our Inatitutio^, and in accept- Owing .to the hour at which it has been necessary to hold'this- 
y ing, which I do gladly, I desire to thante you, Mr^ President, and meeting-'falling 1 within the period when the tiulkof our members 
tjio members oil tho Amorican Institute of Electrical Engineers.; have to be on duty elsewhere, we have perforce had to oontent 
y '^i; i^ost heartily. I welcome all present-at the rpeetjng now in: ourso)vqk)vi.th agathering in Londoirthan that composing 
: y .. session, and venture to predict that tho proceedings will p^ove your convention. It is, however, of a thoroughly representative 

MR':'-'; . ^ . ;- •-^ 
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character, consisting of specially invited distinguished guests, 
the Council of the Institution, many of whom have ’traveled ' 
long distances to be present, and a large percentage of the 
members of our wireless section. , 

The telephone must rank as one of the greatest inventions of 
the nineteenth century and it has transformed the daily life of 
all civilized people. Our indebtedness Jo Graham Bell for the 
boon he has conferred upon us increases 4 with the years, and his 
memory, along with that of Franklin and floury, will be cherished 1 

# as becomes such benefactors of mankind. It would indeed be a’ 
gigantic task to attempt to exhaust the list of those of your 
society, who have contributed so largely to« the progress of 

* electrical soi^nco, ^nd I must coptent myself by paying tribute 
to & great institution which has given proof time and again that 

* engingering is truly international. It cannot be questioned 

* that we are living in a period of extraordinary change due to 
scientific discovery, and in no field has the advance been more 
marked than in that of the oomimmioation engineering. The 


a part in* the development work which has made this occasion 
possible? * 

Colonel Purvos and Mr. Gherardi will remember, and the rest of 
you will be interested to know, that in London, more than a year 
ago wlren we were engaged in final considerations preliminary to 
’the opening bf commercial transatlantic telephony, we discussed 
the details bf just such a meeting as this. That our discussion 
should have been serious and not a plbasant.mental diversion at a 
time when the channels of communication were not in operation 
is a striking evidence of the sound basis which underlies present- 
day electrical engineering. The fact that we saw and appraised 
the many obstacles to be overcome did not in the least diminish 
the assurance with which we talked of and planned for a distant 
event. • • 

While, therefore, the present occasion is highly gratifying to the 
engineers whose work had made it possible, it is in no sense a 
surprise. 

The success of this oooasion is significant also in that it ip the 
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Transatlantic Convention—President of the A. I, E. E). ADfaiiEssiNa *he I. 35. 35. in London by Radio. 
^ LAet to Eight: Standing, K, W. Watbrsqn, O, B. Blackwell and President Gherardi; Seated, 
: . H. GiiAnLnswonT^ G^feqHjiT. QaRty and B«. F. B, Jewett; 1 


as thus placed At ouf ; disposal assure 
ion between the English-speaking raoesi 
ife and bonds of friendship materially 
that our two institutions can combine 


Vahd call upon Dr. 
Gherardi; and fellow 


tangible evidence of a cooperation both iptlmate and full between 
men so situated as to make oopperatio^; difficult. On behalf of 
my associates in Apaenoa, I salute our associates in England. 

Chairman P*agr: I have now great pleasure; in cAffing upon 
Cblonel pu^ves f: Yioe-President of the Institution of Electrical 
Engineers^ and Engineoi’-inT-Chiof of the British Post Office. 

Colonel Porves: Mr. President, Mr, Gherardi, Dr, Jewett and 
Gentlemen: It is an honor and a privilege to be associated with 
this notable event, which one can justly feel is breaking new 
ground in the advance of nations towards closer relationship. - It 


to the good of mankind, 
j tlie many professional 
o and wfcioh we should 
Kould be pushed a little 
find oursolyes preooou- 
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•HS& pied mainly with the wonder of the thing itself. -At our meeting 
ji here in London, we have just- been shown* a motion picture which 
illustrates in a very vivid and. interesting way tjio initiation 
and progress of a* transatlantic telephone conversation between 
San Francisco on the Pacific Ocean and Plymouth in Old* Eng¬ 
land,, ,We were not yet able to place it simultaneously before 
the eyes erf you who are sitting thore in New York, but some of 
you, at least, have seen.it already. The greater part of it was 
made on your side, and I have to thank your President very 
heartily for letting us have the completed film, It helps one to 
recall aud to visualize the remarkable series of nj&w electrical 
developments, most of those things of only yesterday, which have 
oombinod to make this event possible. The radio art has given 
||| ., us its essential basic principles and the higli power amplifying 
tubes, whi(jh over here we call valves. Long distance tele¬ 
phony has contributed a host of new devices which are equally 
essential. Specialized broadcast lias given us the loud spealdng 
receive^. As we sit and talk to each other our speech is launched 
into the air by the radio transmitting stations at Rugby and at 
Hoclcy Point with an electric-magnetic wave onergy of more than 
two hundred horsepower, and I may add, the combined effect 
of the various refinements and special devices included in the 
•; transmitting and receiving systems is to make the speech 
efficiency of each unit of this power many thousands of times 
greater than that of an equivalent amount of power radiated b/ 
an ordinary broadcasting station. Many further improvements 
fenfire being studicyL • A: : r : 

V; I should like to* express tlio feelings of great personal pleasure 
^ willi which I am listening to the voices of my old and valued 
f/ friends of the American Telephone and Telegraph Company, Mr, 
|iff- Ohcrardi, Dr.*Jewett and General Carty, and to assure them and 
their colleagues botli on my own behalf and on behalf of the 
engineering staff of tho British Post Office, that the increased 
® opportunities o’f« cooperation with them which the development of. 

the transatlantic telephone system Jxos afforded us* are appre* 
friated in a very high degree. We have to thank them for much 
helpful counsel in this and in many other matters and we lock 
' . ' forward with great pleasure to a continuance of our close asso- 
. elation with them on the long road forward, over which wo still 
have to travel together. 

I pjljjy- Chairman Page: We are dolighted; 

; York General John J. Carty, Vice-President of tho American 
: Telephone and Telegraph Company and Past-President of the 




American Institute of Electrical Enginpetts, tt"’]glvei"'jue^^ ir. aa 


Engineering Societies of the United States fdjfV&J 
' achievements in tho engineering field, • = 

^ regarded as the doyen, or to be more correct; 


Whereas, On tlifs sixteenth day of February, 1928, the members 'of the 
Institution of Eleotrical Englnoers assembled In London, and the memb.orfi'' 
of the American Institute of Electrical Engineers assembled In New York, 
have 3iold, through the itistrumentality of tho timnsatlantic telephone, a 
joint meeting at wlUch those in attendance In both cities wore able to 
participate in tho proceedings jyid hoar all that was said, although the two 
gatherings were separated by the Atlantic Ocean*, and as this meeting, 
tho first of Its kind, has boon rondorecl possible by engineering develop¬ 
ments in the ^plication of electricity to communication by telephone; 
therefore, ’ * 

i *> 

Bb ItB.esoi.vbd, That this meeting wishes to express its feelings of ^ 
deep satisfaction that, by tlio electrical transmission of the spoken word, 
these two national societies have been brought together in this now form of 
international assembly, which should prove to fy© a powerful agonoy In the 
increase of good-will anct understanding among tho nations; and 

Bb It FuitTirBtf Rbsolvhh, That a heard of this ©iPadi-maklng oven* 
boinscribedin the minutes of each society. ' * 

This is the end of my resolution, Mr, Chairman, 1 

. ^ 

Chairman PAon: Sir Oliver Lodge, who needs no introduc¬ 
tion, is sitting beside me, and I have asked him to second the 
motion, 

Sin Oliver Lodge: Mr. Chairman, I think it very laud of-* 
you and the Council to allow me to take part in this important 
occasion, to send greetings to our many American friends, 

It is surely right and fitting that a record of the transmission of m 
human speech across the Atlantic be placed upon the minutes* 
hf those societies whose members have been most instrumental 
in making such an achievement possible, and I second the 
proposal that has been just made from America. 

All those who in any degree have contributed to suoh a,resulfc, 
from Maxwell and Hertz downwards, including all pasft; members 
of the old British Society of Telegraph Engineers, jirill rejoioe 
at this further development of the power of long^distanofi com¬ 
munication. Many causes have contributed to make it pos¬ 
sible. That speech is transmissible at all is due to the invention 
of |the telephone; That speech can be transmitted by ether 
; waves h duo to the invention of the valve and the harnessing of 
electrons for that purpose. That ether waves ate constrained 
by tho atmosphere to follow the curvature of the earth’s surfaoe • 
is on unexpected bonus on ■the part of Providence, such as is 
sometimes vouchsafed in furtherance of human effort. The 
actual achievementof today at Which we rejoice and which 
posterity will utilize must be oredited to tho enthusiastic cooporaA 
tion owing to tho scientific and engineering skill of many workers 1 
in the haclc^rpnnd whose names are hot familiar to the public*» 
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branches pf tfie V I 

firmly established ^ * v v : 


p|; :v telephone engineering profession, and we shall be i 
say a few words and propose a resolution on ; the i 


p,: : -. 

iSixlih joint meeting. 


j;-: Gentoal John J. Cauty: Mr. Clihirman, I wishgt^. 

Pgljou most sincerely for your vory land references to. 

P medal wliioh ip was my privilege to receive last night. 
W&yO?' The deep significance and very groat impprtiho|to 




The far-roaolling’ effect of this ipoeting i 
already powerful bonds which uni^o the tyro i 
to forget. I knew that I express; thd deep f 
fjj| ;: ; whon I say ho^ greatly we arb impressed 

speeches which we have heardjAiJi, our London ipl 
; ' m l oould not add anything to what Jias already : ] 

!|,^f:.j^oulc£ like to 4 haw the 

tefe^kfi u tIon> 
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Edison Medal 

, One of the most impressive and enjoyable functions of f tke 
Winter Convention was the dual medal presentations which took* 
place on ^Wednesday evening, February 16th. The ceremonies 
were witnessed by an audience that filled the Engineering Audi¬ 
torium to capacity, and seated on the platform w.ere many of the 
well-kno\<m leaders in the engineering profession,, several of them 
former Edison medalists. The presentation of the Edison Medal 
fco'.Dr, W. D. Coolidge ^vas followed by the presentation of the 
John Frit^Medal to General John Jf. Carty ’Bancroft Gherardi, 
President of the # A. L E. E* prided during the first ceremony. 
Presiden t Gherardi spoke as follows: * 

Tier© is a happy combination brsontlmont and justice in this occasion ’ 
whoii their merits call us together to bestow the marks of our esteem -upon 
tlfo same^meu that we equally delight to honor with our affection. 

'-Thdr^aro no higher awards which can bo made by engineers to fellow 
engineers tlmn the medals which are to be presented tills evening. Tho 
Edison Medal was founded by a group of the associates and friends of 
► •Ihoiiias A* Edison to commemorate the achievements of a quarter of a 
c^ntqry in tho art of electrical engineering with which Edison had been so 
PWmiinoutly Identified. To this end, the group established a gold medal 
- which could serve In the words of the deed of gift, “as an honorable 
‘ •Incentive to scientists, engineers and artisans to maintain by their works the 
*Jgh standard of accomplishment sot by the illustrious man by wliose 
name the medal Is known,” The award is made by the American Institute, 
of Electrical Engineers acting thnough its Edison Medal Committee com¬ 
posed of twouty-four members.; But one award is made each year and the 
deed <^f fllft specifies that it shalL be to someone resident in the United 
Spates or. Canada for meritorious achievement in electrical science, electrical 
$P 8 n ®j5 r 0lectric arta - The first award was made in 1900 to 
Dr, Elihn Thomson ar*l we are honored by his presence this evening. 

. Among the others to Mom the medal has been awarded aro: Dr. Sprague 
GenoratOarty, Pupin, Mr, Ohpsnoy and Dr, Lisb, who are with ns this 
evening. By unanimous action of the Edison Medal Committee in 
Decainber of last year, the medal was awarded to William D. Coolidge and 
r now have tho pleasure of calling upon Dr, Michael Pupin, Chairman of the 
Edison Medal Oommitteo, a past President of tho American Institute of 
E octrlcal Englne^s, a, distinguished scientist, educator, author and 
Sr Cbblidge a the Ea,son Me ^ aIIst Otl 020 i to tell us of the achievements of 


A similar thrill, is in store for us thi/j evening. The fame of the Edison 
medalist for 1927 has boon in our jninds for many years, and lie will now 
step before you and announce] I am William D. Ooolidgo. * * 

At the conclusion of Dr. Papin's remarks President Gherardi 
presented the Edison Medal and certificate of awa?d to Dr: 
Coolidge “for his contributions to'the incandescent lighting and 
the X-ray arts," . 

In responding, Dr. Coolidge said: " 

Allow me to express my keen appreciation of the groat honor which you 

aye conferred upon mo. I take an added pleasure id tho possession of the 
Edison Medal because of the fact that so much of my work has been done 

in Holds drst plowed h>*Mr. 72 djson. . ' 

I wish to thank Dr. Pupin for all of tho nice things which ho has said 
about mo and about tho work on which the award was ba*)d? Let me 
hasten to add, however, that I couldn't possibly accept thorn for myself 
alone, bu t must share them with many others, without whose assistance tho 
wgrk could not hayo been done. 

Foremost among these lot mo mention Dr. W. It. Whitney, to whoso 
vision, optimism, courage, unselfishness ond high ideals we owe both'the 
ronn and the spirit of our research organization, • 

Next I must mention Dr. E. W. Rice, Jr„ and Mr. A. G. Davis, both of 
whom were always ready with active sympathy and wise counsel, 
w T ii Dn 1 mi1afc P a V J ny tribute to Mr. George .F. Morrison and Mr. John 
W. Howell, who brought to us tho hearty cooperation of our incandescent 
damp organization. ■ ■; • ; ■ 

% In the medical X-ray field, we owo much to tho many Roentgenologists 
whose close cooperation with us made possible the development of tools 
adapted to thoir needs. 

To those already mentioned I must odd tho entire staff of our rosGarch 
organization, almost every one of whom contributed something. r 

Allow me, then, as spokesman for all these, tef thank you, Mr. President, 
aT1 -rft J ^ I ? er ^ can Institute of Electrical Engineers for your generous 
recognition of our work and for this beautiful symbol of that recognition. 

Dr. Coolidge then gave a short address on the "Uao of Very 
High Voltage in Vacuum Tubes" which is printed ou page 212 
of this issue. „ ' 


gjohn i Fritz Medal 


.\ 


Dr. Pupin in alluding tp the achievements of Dr. Coolidge 
called attention to the wonderful results of J^iysies and its 
engineering branches which fprin a permanent exhibit in New 
York and all the large cities of the Wrld; , tfheelectriclighting 


Mve many wonderful 
its 
and 

'% ^Ws^pccasion calls for some illustrations, T shafi 6 d^erdbo 

f ., , ‘V fiomo of them; President Gherardi will describe several others. 

’ ' " of,incandescent lighting jtfo as perfect W human 

^ thena; in every nook and corner of our daily life they * 

ago Edison b^amoS 
WPy fathor, this evening ho is rejoicing that his medal of honor will be 
•V' 'S tST? 4 a man -Who lAs contributed a giant, share .to the bringing up 

, of. I,Is faverlto children. Who can look upon the heavenly light of the 

EdWMedd? • 13 a 4 ra decorating this evenftg Mt^the ! 

Many of us remepiber sfill the vagaries of the X-ray tuba of thirty-two 

y It Is.an instni-mAnf nf _ __ 1 _ ; ... 









ahnplo annouilcoment ^ name bad traveled ahea 

■ •. •• ’ '•'= ■’, 


already- 
paying to him this 

. • • 

• Zy e ■■ • ' 

,,:v- waiting crowd; "M y 
had traveled ahead of him and its 
thrilled before. 


_ The presantation of the John lMta medal to Genorar John J, 
Carty at the Winter Gonvolitioii of the A. I. E. E. followed 
immediately after the Edison. Medal presentation on Wednesday ‘ 
February 16th Mr. J. V. W. Reynders, Chairman of the 
Board of Ajyard, occupied the ohair and addressed the meeting'.as 
follows; : ;• ' 

Lot me first of all on behalf of the Board of Award of the John Frit*’ 
Medal express our appreciation of the hospitality that is being attended to 
us on this occasion by the American Institute of Electrical Engineers It 

fInTf ° 0C “ th ° Folmc,ors, a™ enabled to meet as they 

do on this occasion and to find themselves in close contact and to also find 
themselves in the position for closer cooperation. ■ 

i ****.#*. 

As wo^ontomplate tho bestowal of tlw John Fritz Medal year after year 
on meu of wide-world distinction in the various fields of enginoorlng, men 
Wl|0 in one way or another have given impulse and direction to the progress 

'luestion becomes interesting as to what manner of man was 

John Fritz and wha were .the qualities that slnglod out his name to bo so 
achievements, wlt * thB world ' a scientific and industrial 

„ ir '. as r i° w f l saW lfrla tho d «ty of the nation to produce groit mon, our 
t0 * e ‘‘ opportunity whon sho guided and guarded the * 
careot of John Fritz. Starting life as a blacksmith with no advantages of 

advanced steadily in usefulness, power and rospect of bis fellow mod until by 
*rr oonsont h„ occupied tho first place lit the domain of the ated 
industry of this country. Tho numerous honorary sdlorfcific memborshins 

SvSS h ‘“ lu this country and abroad attest <he.esieX In w^oh 

srtitl nf >y h S f° f ° W ongln6ers - Twenty yoars after his retirement from 
acth e businoss at the age of seventy, ho lived to cujoV, as few men have 
been perndtted to do, ehofamo and tho friendships whteh habad so amply 
earned, His,sterner qualities of industry, integrity antfsterling charSstw 
wpro relieved by uttfailinghumansyr^thy, hufiJandsponZSusS 
will toward his fellow mon. To all wB» worked with John Fritz, he was 
known as the ohl man." that unmistakable tltleof loadershlp. 

More than a,quarter of a century has elapsed siuce that memorable 

I'wwJ ‘ “I 41 W9 gathered to conferVas flr^nsTS 
I ha-yo glyon you a few abbreviated quotations only from the notable 
speeches that were delivered on that occasion. It was bfit natural urfder 
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Uia cii cumstancos that referenced ould be made to C-bo remarkable clmngas 
ejlilch occurred .hiring the active lifetime of, John Ei-ltS.-the transition from 
wrought Iron to Bessemer stool, making possible the extension of trans¬ 
continental railway systems, the, change from Bessemer to open hearth 

and so'fo!th tl anBf ° l m0< St<!0 ' inrtklllsc - ft ' om a nlGltlu B to a refining operation, 
****** 

' 'Professor Eliliu Thompson was the representative of hioetrlcal onslneorine' 

who spqlfo at do John Frits dinner of 1002. Ho then inched in what 
direction did America load the world first, In electrical engineering. Thou 
after referring to the enormous (jrowth and development-of the electrical 
flold. he graciously acknowledged that In the end It all loads back to the 
fon ihaster. Ho demonstrated how metrical solonoo had revolutionised 
lighting,, powor, industry, transportation, and oven moti/Uurcy Ho dimlv 
foresees the possihilltlos of wireless transmission in those words: -Now we 
are, as it wore, on the tlireshliold of this dovolopmont, Within a fow years 
we imvohada most surprising development in the way of transmission of 
Signals for long distances. Wo have seized upon an atmosphere not of air 
but of that something wliioh Is within the air and whicli fills »U space and 
mukoa it trio moans of communication." * • 

To hhve attempted to propliosy boyond such guarded limits would have 
rlskod ones reputation for sound judgment, and yet wo arc faced with 
accomplished facts which aro probably unprecedented in tho application of 
scioiillflc research to practise.- Of all tlio revolutionary elmiigos that eloo- 
triolty has brought about, nano has boon so olfoctlvoJn changing our rnannor 
and Bpcod of conducting every activity of human oxistonco as tho develop¬ 
ments in tho flold of tolopliony. It Is not my purpose, nor Is It in my nrov- 
i.nco to antlolpato those that'aro to follow, boyond o brief allusion boyond 
that unrivaled oxamplo which is comprised In tho American tolophono 
system. Unconsciously wo pay a tribute to its perfection whon wo display 
, irritation If wo fail to got our connection inside of tho space of thirty seconds 
• Dr. Jowott. in-tho course of tho discussion of our Board, outlined tho 
policy proscribed by tho recipient of this year's John Fritz Modal at a timo * 
nrfien tolopliony was yot In tho state of chaos. Bong before tho present state 
of communication could bo forosoon, aoneral Oarty outlined ns tlio doinin- 
mnt rulo that all now construction must l>o carried out in a manner that 
presupposed tho ability ultimately to connect overy User anywhoro with 
ij.ny othor usor throughout the territory of the .United States. This 
Implied a« n prerequisite uniformity in all matters affecting not only 
equipment, including tlio various olomonts of power, motors, dynamos, 
batteries. and so forth, but also uniform practise.in opomtion suoh ns the 
nmititonnnco of constant voltngos botweon limits. These considerations 
obvious as thoy^nay soom ns an accompli shod fact, involvo conviction born 
of largo vision and willingness to make largo financial sacrifices to Insure the 
ultimate end. Tho rosults of General Carty’s vision constitute one of our 
groat national assets contributing ns no other single .instrumentality 
has dono to tho ofToctivonoss of our national onterprlso. What ho W 
ncfcomplisliod on such a broad and liberal scalo Is a sourco of prido to all 
Americans and abovo all to his follow ongincers. 

Tho names of former recipients of tho John Chita Modal iiUlip electrical 
Hold include tlioso of IColvin, Boll,.Edison, Thompson. Marconi ami Adam?, 
tt Ib n grateful privllogo to be able to add to this distinguished list on behalf 
of my follow mombora of tlio Board of Award and of tho engineering' 

profession which tlioy ropresout, tlio immo of General John J. Oarty. 

Chairman Royndora thou called upon Bancroft Ghovartfi, who 
had boon aaaooiatcd with tho medalist for 33;;yoors, to tell 
something of Gonoral Carty's accomplialiment in iffio. develop^ 
mont of tho tolophono industry. Mr. Ghorardi responded as 
follows: ; ■ ’ ! v•• : ^>.-/.:■' ,1 : * v 


experience , in tho design, construction, maintenance and operation of 
• fnd around Boston and with tho Western Electric 

V 1 T ° arty ln 1889 bocamo 1110 of * l0 f Engineer of 

^ Tdophono Company. In thab position ho was responsible 
or ^ho technical problems of tho city whicli is telephonieally tlio greatest 
hr tho world and whoro nqjv problems aro most likely to arise. In 1907 
bo became Chief Engineer of the American Tolophono & Telegraph Com¬ 
pany, tho parent company of tho Boll System. At tlio outbreak of the War 
ho was ordered to active dirty as a Major in tho Signal Corps of the United 

nl T y 'c. ® ’V' U ° Uv0 5orvlee ln Prttnc0 rapidly rose to tho rank 
o Brigadior Croneral. Since his return from France in 1019 he has boon 
} President of the American Tolophono & Tolograph Company. • Thosd 
briefly are the positions lyltioh ho has Hold: What did ho do with t}*U 
opportunities whlch*they offered? V 

His personal contributions to the teloijhono art have been ndtahle. 

JIc designed and itstalied the first multiple switchboard which contained 
the fundamental features of comm (III battery signaling, aim inter was the 
(irst to show how to operate two or more telephone transmitters from a „ 
single sourco of oioctrlo supply. Those together constitute tho fousdation s * ' 
of the common battery system of today essential to ovory largo tolophono'* 
switchboard, whotlier automatic or manual, 


illIII' 

liifi 


" In 1879, only three years artcr Aloxandcr Graham Boll hail first publicly 
demonstrated Ida tolophono Invention, a young man oiglitcip years of ago 
who had prepared for Harvard but was prevented from continuing scliolastte 
work by temporary impairment of Ills eyesight, entered the:employ of tlio 
Itoll Tolophono Company in Boston. ' ' P ];.£*. 

Zb Is dlificult, if not impossible, for any of ns now to VisualizAUio tele- 
phono problem of that time and the conditions Ufldor which it: had; to bo 
approached by tlio tolophono pioneers of that day. Much of our eclontific 
knowledge of today had not boon dIscovorcd; thoro .wer^fno schools of 
oleotrical on^inoorlng to provklo trained personnol; tho American institute 
of Electrical Engineers was not to bo founded until fiVp ; y«jar8 &^:i there 
wofo no sources of electrical onorgy oxcept primary batteries and' mAgnoto 
generators; no adequate theories of the transmission of.bleotric ^urrbnts 
oyor wkos; n? ctfmmorclal applications of oiGctrlcit^.-oxcdpt tho clcctrlc 
telegraph and tlio infant tolophono art. At that timp Utbro worc ln tho 
Vholo of t.haso Hpltcrl States fower toloplionoa than 
in'East Orango, and 1 it was impossiblo Co talk over distances groateir tli^n a 
few miles. * 

^ Practically ndtldng liad boon dono and fow of tho 
'inont of our prosont tolophono sys^m were known, But 




group of men of vlalon and of ccmhigo, confldofit of the possibilities of the 
telojpb ono and dotomdned that it should attain tho futdro jfdr- 

■ It in their dreaiqp* One of thoso Was John J. Oarlyy + »: 

; To teH tho story of Ills life and of his contributions is to foil a very large 
jpurt of tho ^clontiflc, technical and. engineering• U 
phone art, not only In this country blit for 


From the start of tlio telephone business on© of tho difficulties whicli had 
to be mot was-to . prevent induction between closely adjacent telephone 
cirGuits, tho rosuIt of wlUch would bo that speech taking place in any one of 
the Circuits could - bo overheard in all. Closely related to this problem has ! 
beoa that of minimizing external inductlvo disturbances-those that com* 
from electric currents in other than telephone circuits, and from almo: 
spheric or earth currents. : At a time whon but little was known on^lioso 
subjects, Oarty mado an important scientific investigation of their nature* 
and sot forth the view that under many conditions those d is turban oea * 
wore electrostatic and not electromagnetic in character. This view was so 
# novel that it was not geiiorally accepted until it lmd been checked and 
verified by others, but it was Soon recognized as correct and served as a guide 
to much essential work in the minimizing of these disturbances, This work 
of Oarty a made it possible to give scientific treatment to tho twisted-pair 
and transposition probloms and laid the foundation for thoJceoplng of 
m uctivo disturbances within limits tlmt permitted the development ofJdio 
industry. . . 

Early telephone systems followed tho usual tolograph practise of placing 
tolophono instruments, including the signaling doviceskJn sorios!n tho line. * 
1 he result of this arrangement—-when there wore several instruments on tho 
same line was to impair tolophono transmission seriously and fcolnterfero 
with satisfactory signaling. It placed severe limitations upon the number 
of tolophonos which mJght bo connected to a single lino. Oarty's scientific 
study of this question led him to Ulo conclusion that the instruments should 
bo placed in parallel and not in sorios, and should here-designed so that the 
signaling apparatus would have high impedance. This invention is con- 
monly known as “Oarty’s bridging boll, 11 • It removed many of the dif¬ 
ficulties wliioh^ had formerly Imposed serious limitations on tlio develop¬ 
ment of the business, and mado the party lino and the rural subscriber's Una " 
a possibility v:?'" • ; . . 

Oarty . prepared the plans and immediately directed the work of *on- 
vorting tho Now Yoric City telephone plant from opon wiro to cable, and 
later from the local battery switchboard system to tho common battery' 
system, at a timo when fcho general dovolopmont of the art was such CiflitT 
almost ovory move required invention, development and engineering along 
now linos. : ' * • ' * 

I* wo wero to take out^of tho present tolophono system thoco things—. 

• ^ fow "only of which I have mentioned—which John, J. Oarty porsonallv' « 
dovish and contributed to tho art. essential elements would have boon 
removed; and in many inipBrtant rospocts tho system would no longer bb • 
Operativo. Thlg is some measure of Carty’s individual achiovemente; 

But ho had qualities not always found in mpn of individual creative' 
genius. Hohad the rare ability tq organize progross as woll^'s to contribute 
to it hlmsolf. As the telopliono system grow^and its problems multiplied in 
number and complexity, Oarty early recognized that tho work to bo dono 
requited the dcvolopmoht of. a technical ovganization, and ho was first in 
tlih ;:lelephoho opowtUrigi companies to omplo^ tcclmioall^tirained college 
gTfifdufttes and to Aovqto aystomatio attention to thqiir trainee both in a ' 
thorough knowledge) of tlio lolephono system and in the correct principles oC 
■ : - engineering,.- v • ’ - j -■" vV '< ^* : •- '-••• • ■ ■. *•; • : ^ 

v No one who has ovor worked in close cooperation with Oarty for any 
- : coositlbrablo length of time can forgo t the ffoqucnoy with whicli ho asked the 
qiiosilon 4 *Wfaat aro tho facts?” and tho emphasis which he laid on ttek>r 
' ytiho kpportancG that he attached lo studying all possible solutions of a 
. I>rclbiom ami ascertaining which was the best; 1 taking hito>account all re!o- ^ 
including first cost, annual chargos,service, and flexibility and * 

. adaptability ib growth and expansion,' ' 

. Ho recognized tho intor-rolationship in the telephone business of operating 
methods, tho. design of tho plant, the rate structure which woulci largely 
dotomino tho volume ahd character of the telop»hqn0s'io ho sarved if the 
eystorii was to give the boat possible, the most extended, and tno ohoapest 
telephone service. He had in mind, that all of those factors must be con¬ 
sidered ip th oir rola-tions one to the other and thoir relation to tho final 
. result, Al>vays was hie engineering dominated by this conBldoratlon for tho 
final rtkilt,-not alone immediately hut for the years ahead v 

His methods npt s^ly dovolopod telephone systems and service along 
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sound and effective lines, but lie has always been a great developer of 
pecfple. He inspired them to give the best that was in them; he taught 
them to do better; and was always lenient to their shortcomings/and both 
constructive and kindly in celticism. His influence-on others extended far 
beyond those working directly for him. All who had contact with him 
felt the power of his keen analytical mind, his breadth of vision, his sense of 
• justice, and his kindly disposition. 

The nature of Carry's early contributions to the telephone art showed his 
clear appreciation of the importance of scion tide knowledge to tha under- 
1 standing of telephone problems, When he became Chief Engineer of the 

• American Telephone & Telegraph Company in 1907 he was id a position to 

4 do so and he immediately consolidated all of the telephone laboratories and 

^perJmentai work. which up to that Mmo had been scattered- both as to 
-• location and executive control, into a single organization, which is now 
known as tho Bell Telephone Laboratories. He greatly Increased the 
, number of scientists ongaged upon this work. Of the many fundamental 

« contributions which htve resulted froiA this arrangement, I shall mention 

# but two. He initiated and pushed to a successful conclusion the work 

•' necessary to make transcontinental telephony possible. Through its 

•applications, telephone service has been extended to tie together not only 
eiftry state of our Union, but to bring into the range of telephonic communi¬ 
cation Canada, Cuba and Mexico. He likewise inspired and directed the 
work whiclj resulted in the sending of the first articulate words across tha 
Atlantic Ocean by radio telephony, and continued this work until today the 
" barrier of the Atlantic Ocean has been overcome and commercial telephone 
geavico between the old world and tho now is a dally fact. Already four 
nations of the now world can communicate telephonlcatly with Grtat Britain 
and jfeur nation^ of the Continent of Europe, and it Is nob too much to 
•believe that through the further extension of these developments all of the 
• principal nations of the world may be brought iuto communication by the 
’ spoken word. V'. ■ 

This organization of research and development was not only a service to 
the telephone art; it was a notable contribution to ourpresent-day American 
civilization, for the organization of so^ence to lehd Industrial progress now 
conimon Jp jnariy Indus ttjies. received a tremendous impetus from Oarty's 
•W k In the organization of the laboratories of the BeU System arid in the 
obvious value pf its accomplishments; It Is In recognition of Carty's 
vision and achievements along these lines that he ii a trustee of the Carnegie 


General Carfcy m responding expressed Iiis high appreoiation 
of tho honor which was bestowed upop him and gave a highly 
interesting address on the ideals of the engineer, whioh is pub¬ 
lished on page 21*0 of this issue of the Journal. 




piK-i 

• Institution and^Uhe OArnegio Foundation, a, trustee of New York Uni 

* versity, a fhomber (rt tha National Kosoarch Coilncftl, arid: associated With 
other organizations\hose object Is tho advancement of science and the 
/ applying of these advances to the welfare of mankind. 1 

Until 1917 Oarty’s genius waa dovoted to the arts of peace. Then our 
y country was plunged into tho World War and it became the duty of river* 

American citizen and organization to contribute thoir all to the successful 
outcome of the War. Recognizing the importance of communication and 
Oarty’s 0re-emlnont position in relation thereto, our Government which had 
* previously commissioned him a Major in the Reserve Signal Corps 

of the Army ordered him to active duty, 116 devoted .to the Signal Corps 
- Problem that^ same Judgment, skill **nd knowledge which‘bad produced 
results In civil life, $nd’ largely through his efforts the 
nation s telephone personnel, laboratories, manufactures 
T - 3ar upon the problems of the War and in 
I communicationbh the home front which 
also continue to function. In Juno 1918 ho was ordered to France 

""ijGItilef^Ignai Officer of 
i he remained In 
American Com- 
tiho Army he 
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A: I. E. E. Directors’ Meeting . 

The regular meeting of the Board of Directors of the American 
Institute of Electrical Engineers was held at Institute head¬ 
quarters, New York, on Thursday, February 16, 1928. 

There*were present: President Bancroft Gherardi, New York 
City; Vice-Presidents H. M. Hobart, Schenectady, N. Y.; 
B, G. Jamieson, Chicago, Ill.; G. L. Knight, Brooklyn, N. Y*; 
A, E, Bettis, Kansas pity, Mo.; 0, J. Ferguson, Lincoln, Nebrj 

E. R. Nortbmore, Los Angeles, Calif.; J. L. Beaver, Bethlehem, ’ 
Pa.; A. B- Cooper, Toronto, Ont.; C. 0. Bickelhaupt,*Afclanta, 
Ga.; Managers John B. Whitehead, Baltimore, Md.; J. M. 
Bryant, Austin, Tex.; H. A. Kidder, New York City; I. E. 
Moultrop’, Boston, Mass.; H. C. Don Carlos, Toronto, Ont.; 

F. J. Cliestennan, Pittsburgh, Pa.; F. C. Hanker, East Pitts¬ 
burgh, Pa.? E.-B. Meyer, Newark, N. J.; National Secretary 
F. L. Hutoliinson, New York City. 

The minutes of the Directors 1 meeting of December 16, 1927, 
were approved. 

4 minute was adopted in memory of Dr. W. 0. L. Eglin, 
former Manager and Vice-President of the Institute, who died ‘ 
*on February 7, 1928. 

Reports were presented of meetings of the Board of Examiners 
held January 18 and February 8, 1928; and upon the recom¬ 
mendation of the Board of Examiners the following actions were * 
taken: 297 applicants were elected to the grade of Associate; 

9 applicants were elected to the grade of Member; 29’applfcants 
were transferred t;o : the grade of Member; 3 applicants were 
transferred to the grade of Fellow. 

The Board ratified approval by the Finance Committee for 
payment, of monthly bills amounting to $27,277.23. 

In accordance with Section 22 of the Constitution, the fol¬ 
lowing were made “Members for Life” by remission of future 
dues: Henry W. Blake,; H. Doyer, A, li; Rplirer, Charles F. 
Scott, and I. E. Winslow. 

Approval by the Executive Committee of proposed coustifcur 
tional amendments for submission to the membership for letter 
ballot, was ratified* 

Approval wis given to the suggestion that arrangements be 
made with a tourist^agency to conduct a trip for members and 
guests of the Institute from points in the eastern part of the 
United States, and along the route, to the 1928 Summer Con¬ 
vention in Denver, June 26-29, followed by a trip through the 

given to a suggested form of combined 
Sections and Branches, whioh was Approved for 
pointing and distribfitloh prior to the Section Delegates* Con¬ 
ference, at Denver, in June* 

Authorization was given for the affiliation of Brown Engineer¬ 
ing Society,: a. student engineering society of Brown University, 
as an ,r Afiliaited Society/’ m afiobrdance with Section 59A of the 
Institute by-laws. ■ v ; y : " 

In accordance with recommendations, of the Standards Coin- 
mittee, the following actions were taken: 7 7 > 7 

Decided to take no action on communications received advo 

LO.fl'ntT aP 1 ft ' i.1.1 A. A -^ i'li. 1 n 
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Approved aa au Institute Standards, 

Storage Batteries (No, 36); and 
Approved material prepared by the Power Generation Gom- 
miWee'for iuolusion in the A, S. M* E. Test Codes, 

Approval was given to a report of the Speoial Committee on 
Lfinime Medal, which included approval of the obVerae of the’ 
medal £nd execution of agreement with the sculptor 
The following Institute representatives on the U.*S. National 
Committee of the International Eleotroteolmioal Commission 


institute and related activities 

revised 'Standards for 
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A. E. Kennelly, H. A. Kidder. J. W. Lipb, E V. Magalhaes' 
;C. O. Mailloux, W iliam McClellan, E. B. Sleyer, J, F<Meye ,' 
E. D. Newbury, II. S. Osborne, Earley Osgood, F W pit 
E. W. Rice, Jr., L. T. Robinson, D. W. Roper, C. H Stop 
•C. E. Skinner, W. I. Sliohter, A. R. Stevenson, Jr N W 
•;» Storer, and Elihu Thomson. • • . 

Upon request, the Board approvod the admission to member¬ 
ship m the American Engineering Standards Committee of the 
Automatio Sprinkler Association, and independent membership 
of the American Gas.Association, 

!f The President was authorized to appoint reprosontatives of 
the Institute to attend the dedication ceremonies of the Louvain 
: Memorial, July 4,1028. . * 

Other matters of importauoo wore dismissed,-reference to which’ 
nih.y bo found in this and future issues of the Joulinal. 

' « * i ' : W.'• : 

'Hie Louvain Memorial 

0n4th J,ily 1028, 48gold stars will,shine in the four clock 
diala of tho new Louvain Library and from its belfry the 48 
bells in its carillon representing ongiueors in, each of our 48 
i .. states and territories will vibrate the mhsio of Amerloa, as well 
as that of Belgium and other countries, in - memory of the 
hundreds of engineers of the United States who gave their lives" 
in the Groat War for tho defense of freodom. 1914-1918 
The memorial library building given by tho Americans, and 
e Engineers' Momorial clock and carillon, will bn dndi«„to 


.Arrangements will be made for additions to the memorial record 
w all acceptable names received within a reasonable time. ’ 
Engineers* Memorial Committee * 

George W. Fuller, Representing American Society of Civil 
Engineers; Arthur S. Dwight, Representing American Institute of 
Mining and Metallurgical Engineers; Charles M. Sohwnb, 
Representing America* Society of Meohanioal Engineers; 
Arthur W. .Berresford, Representing American Institute of 
Electrical Engineers; George Gibbs, Representing United Engi¬ 
neering Society; Edward Dean Adams, Chairman, Representing, 
Engineering Foundation and Engineering Societies Library. 

Washington Award Presentation 1928 , ’ 

On Thursday, Februjfry 2, the Washington Award for 1928 was 
presented to Dr, Michael I. Pupin, Past-President of the Aineri-.* 
oan Institute of Electrical Engineers, at a banquet held at tile 
Palmer House, Chic ago. 

The Washington Award, presented annually “to aw engineer 
w oso work in some special instance br whose services in general < 
have been noteworthy of merit in promoting public good”, is th<* 
result of a Foundation formed in 1916 by John W. Alvord, a no- 
tablo Civil Engineer and a Past-President of the Western Society 
of Engineers. Tho award is administered by a commission con- ' 
sistmg of 17 members, nine of whom are from tho Western Soouity. * 
of Engineers and two members eaoh from the A. S. C E. A. I. 

The ohairman of the 

IVJ8 Award Commission is R. F. Schuchardt, member of the 
Western Society'of Engineers and a Fellow of the A. 1. < E. E. 

_ The Washington Award Commission feels that 1 in’honoring 
Dr. Pupin, i t has honored itself os welt. * 0 
President Ghorardi spoke of the life and work of nr. Pupin 
both as an admirer and a oo-worker for maV years in the * 
eommoroial development of tho loading coil. For Dr. Pupin the 
award road: “In recognition of preeminent service in advancing 
human progress through engineering it is conferred In the year 
1028 upon Miohaol Idvorsky Pupin for devotion to Scientific 
research leading to his inventions which have material# aided 
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Munumg given qy $nc Americans, and 

toe Engineers Momoriai ciock and oarUion.^Ii be/lodloated the development of long distance telephony 

ppgg; with impressive ceremonies on Independence broadcaStingr” ; 

from tiie United Stales who expect to bo in Europe noxt summer Pr. Pupin’sresponse was.inpart, as follows: 

are urged to plan thoir travels so os to bo in Louvain to participate "My greatest pleasure in aeoopting this award is in the hone 

in tho dedication, flioro are available:pteamors direct to Ant- that, it will ptroyo an:inspiration to the youth of Serbiaand show 
werp and by other routes. them wlmt a poor Serbian boy oan do in this lander 

One party is planning to go on the Lajjlafhd (Red Star Lino) opportunity#. 
ailing from Now York Juno 23 and dim In 
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ror mo accommodation or onglttoors and friends who, for one Electrical Engineers. . ■ 

: reason or another, did not find it possible to oontributo to the - : -Av. ~ ; '■ " 

fund before February 1st (tho limit sot in the first invitation), International Illumination Congress 

responses will bo wwUA u th. CornrnlttSo.pl#* loiMprf : „p*} 6, % Eln.ii^SaS* 

the 1 J amcs ^ a ! Conors m a beautiful memorial yolume to he the United .States Natioto Cbmmittoe^oftoe^ Intertoional 
suitably piacod iu Louvam Library. Remittances in any Commission on Illumination. The Congress will be featured bv 
V wnount from ono dollar to five thousand, may be sontto United : 1. Tour to Points of Lighting Interest in tho northeast 

t fcfin d An rtfl a : h A nihil h 1 (HAhtran i-U * _ i!.. A 


■"Si 












■ ' INSTITUTE AND REDATED ACTIVITIES 

Proposed Letter Symbols for Electrical . 

.Quantities 

A-special committee of the Sectional Committee on Scientific „ " " R« 

and Engineering Symbols and Abbreviations, for which~ the _ °1 Qaa,lttty S; 

Institute is one of the five joint sponsors, has prepared the Energy (see w&rk). .• . 

following tentative list of letter symbols for electrical quantities. • 

The Sectional Committee has definitely limited .its field to 

S,y TheSfflnlS br ^ Viati0 ff S ' SP °!f Cally exeludin g ’definitions. Mux density, electro- 
* . Standards Committee of the Institute will issue a revision static Xbqq' dielectric 

^ of the Report on Standard Definitions (No. 2, August 1927) and nxvt dondty).. a .... 

in that revision of the report will include a revision of Table No density, magnetic 

301 paragraph 36% on Symbols and Abbreviations (1922 edition SSSd^T B,te 

> “'flic Institute Standards). This tablejs omitted in the August Frequency/''”"'”'' 

1927, edition of Report No. 2. It is hoped to make the Sectional impedance.' ’ ; 

Committee list and the Standards Committee list in Keport No. 2 Inductance.. 

as nearly identical as possible. The difference will be that the Magnetlc intensity.... 

A. I. Bj.-B. list will contain columns headed “Unit” and “Ab- 

n Co e mtitte a f list tIlG Unit ’” ^ hiCh WiU n0t aPP6ar ’ n th ° Sectional Magnetic a«x. 

e \ Magnetic flux density .* 

In the following list of symbols two additional columns giving Magnetomotive force,, 
the *1922 A. I. E. E, symbols and the International Electro- 
•technical Commission list are included. These columns will M,ltual inductanco.... 

/ not appear in the final drafts of either list, Wll . 

A Ni^uber of conductors 

_ Uitioism and comments are invited, and should be sent to * or . tmna . J 

H. E, Farrer, Secretary, Standards Committee, A. I. B. E '"Permeability. c = 
33 West 39th Street, New York, N. Y., or to J. Franklin Meyer £ erm ? imco * .V... < 

- *-£S 2gSB.2_t . 

PROPOSED LETTER SYMBOLS FOR ELECTRICAL electric constant) K ( 

* QUANTITIES Symbols as given ^ displacement.., , 

■: ... by Power... p 


Journal A* I, fib EX 
Symbols, as given 


Flux density, electro¬ 
static t^sq© dielectric 
flux density).. A .... D 

Flux density, magnetic 
(see magnetic flux 

donsifcy). b 

Frequency,,.,,." f 

Impedance. z z 

Inductance.. L 

Magnetic intensity.... // 


Magnetic flux. 

Magnetic flux density ,* 
Magn etomotl ve force,, 

Mutual inductanco... , 

Nitfnber of conductors 

„ or funis.. 

Permeability^ ( 
Permeance.,,,,,/,,.. 
Permittanca (see ca¬ 
pacitance). ... 

Period.,.. 

Permittivity (sob di¬ 
electric constant),, . K 


Proposed N&me'&nd Abbre- 
Symbol viation of unit 

W foot-pound ffc-lb/ • 
joule 

wattliour wh. 
kilowatt-hour lcwh. 


AJ.E.E, 

(1922) 


I.UQ. 
‘Not‘27? 


gauss 

cycles per seconds 
ohm ft 
henry A* 

ampere-turn per in. 

gilbert per cm, 

amp ere-turn per cm. 

maxwell 

gauss 

gilbert 

ampere-turn 

henry A 

millihenry mh, 


Proposed 

-Name of Quantity Symbol 


Admittance. 

Angular frequency ,1 
Angular velocity ... / 

Capacitance..;. 

Capacity, electrostatic 
(see capacitance) 


Name and Abbre- A.I.E.E, 
viation of Unit (1922) 


Conductance/.. 
* Conductivity.. 


te P 

iS/Vli ci 


Current.,.‘ t j \ 
Oftrrent density*. \ 

<PlfIeronce of potential, 
dlpctrlc (see electro¬ 
motive force and 
:. Voltage).,,, i r, o E,l 
rDi elec trio constant,.., € 0 r K 
Dielectric flux.",... *.,.. ^ 

Dielectric flux density . D ■' 

Efficiency,.^ 
Electric potential (see 
eloctromoftve force 


Yu 

mho 

YV, 

0) 

radians por second 

W“2t/ 

C 

farad / 

C 

* 

C 

^ farad / 

microfarad jw/ r 

c 

0 

mho 


r 

mho per centimeter 

0 

J, l 

mho/cm. 

V 

ampereramp. 

I,i 

i 

ampere per unit 



I. E. O. 
No. 27 


« -2 ttK 

’ C 


Power... P 


Quantity, electric.... 
Quantity of electricity 

Reactance, .. , it 

Resisfcanciei. ,,,,,, 
Resistivity.......,.. 


Roluctance.., 


Susceptanco. 


. K or e 



• 

<P 

degree, radian 

0 (p 


- P,P 

watt w 




kilowatt lew. • 

, 



horsepower hp, 

*/> 

P 

Qq 

coulomb 




ampere-hour amp- 


0 


hr, 


X x 

ohm ft 

X,x 

X 

Rr 

ohm ft 

R, T 

R 

P 

ohm-centimeter 




ohm-cm. 

p 

p 


oersted 


s 

^ ( -1//4) 




. L 

henry 

L 

L 

. b 

mho 

b 


> n- 

revolution per min. 




(soc)rpm(s) 

n 


, T,D 

dyne-centimeter 




pound-foot lb-ft. 


* 

i R,e 

volt V 

IS, c 



coulomb 

coulomb per sq. cm. 


1 ‘- and voltage).,.. 

E~e 

volt V 


Electrical tension (see 

> 



electromotive force 

\ , ’ * 



^.and voltage)........ 

E,e 

volt a 

E t e 

Electromotive force 



or 

v,p 

(see also voltage), 

E , € 

volt V 

E , e 

Electrostatic capacity . 




(a ee capacitance).... 

C 

. ■ - v';., v ; •...; 

C 

Electric intensity* 

e 

volt per cm, 


Electrostatic flux (see 
dielectric flux) - 

+ 

$ 

Electrostatic flux den¬ 
sity (see - dielectric 
fltix density). , 

*See hote2. 

D 

A* 

D 

t 

•* 

r „ « 



Voltage:" 


AVork (se© energy). \y. org \° 

foot-pound ft-lb. 

kilogram-motor kg-m XV A 

Notes: 

- 14 WhcrB a^distinction between maximum, instantaneous and root 
moan square (effective) values is necessary, E m , I mt pe i d' and Ii I 
P are recommended. • 1 ,p ’ aua *' 

ncoordanoB with' the practise In other branehos of engineering, 
°.T e v hat Quantities por unit volume, area, length etc be 
fer aS p ractica b>e by lower-ease letters corresponding foth* 
capitals wljSch represent tho total Quantities, Tills applies only in cases 
where special symbols for such unit quantities have nobCady come ln” 
general use and where confusion Is not considered to bts s'erlouf? in 
cordanca with this rule. ( and e are proposed for current density and electric 
the .belief that they will not-commonly"" 
curront and.voltage (note 1) 
subscript/, W * 16U ^ d °’ ^ latt6r may havo a special Iwfllcatlon, as the 

. ''®: In P ri “t. veotor or complex quWties should be represented hv 
bold-face Jetters, Jn typing, where it is not desired fo distinguish^aUcs 
(voc^orTr '» mda, ' s “ rie8 “W fi® wed to indicate bold-face fetters, 

f ^ other special type may be used.* 

5. The abbreviations & and ~ are recommended for us# on dianram«! 
nf^er Equations or tables, rather than in running text. • diagrams 

• ev • ' .. * # V 


■ 




• • *• • 


f * * 
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^ACTIVITIES ' 


I %0' . National Academy of^Sci<jn^s«;;|i!^||^|||||^'!|^oitimbia University Scholarships in 

Annual Meeting, - Electrical Engineering 

bodies Columbia University have placed 

l|i|;ir; m i f f i >Jniinnnl t? * ^ disposal of the American Institute of Electrioal Engine ere 

teifcf -2 ? th National Reseaich Comicil a*?;mYit«d ^Attend , ., 4 qoh year, a scholarship in Electrical Engineering in the Schools 

fe;; S r S£o e rZltfw ^ ll f 4 Chemistry ,5 Columbia ^iversXy 

ME-. " IhJilS Iwtifil ™S * be " f class, The scholarship pays 8350 toward the annual 

te#; JjJJ J «k« m nSr f n? f unwsua1 ' ^^^^Ilfl^ilSfeKV^'tronleQswhioh vary frofn 8340 to 8360 , according to the detail* 
lit J£h *«*ed. Reappointment of the student to'the ' 

; hoforo Anv’i in u>’i n t P 10 ®* yo^ 08 cr^|i^llM^A^^i,.;^il^rehlp for the completion of his oourse is conditioned upon 
m b °?°™ A 10 - . 1 la , nter '; sl ‘ d f . OT maintenance of » good standing in hk work. 

Pi: £‘“ £ 21 ? iff ° ? ^la for the scholarship, the candidate recommended 

mi-2. P •i bR fn° d .Will hayo to meet the regular admission requirements, in regard 

P%' SStol'ST 1 ! ° ' AfWresa Dav ^-"'B^^^ 4 *%^Woh full information will be sent without charge upon 

, • Secretary, Waslungton. . • ..^i^^^^M^ilioation to the Secretary of the University or to the National 

fe ■'■'•• --the Institute. \ .! ' ™ 

Southern Viraimo Messed to the National Secretary of the Institute; 

g| 30 ttlein Vu to mm section Holds ;TS^||s 5 F-.,,.'fth.applicant for this scholarship should set forth his quiUifloa- • 

Joint IVxeetnig tions (age, plaeo of birth, education, ’reference to any other 

§|tp;; i' A joint mooting of Ijhe Virginia mem]bep^jj|iyjiji.j|j^||^rt^^|';j-'!wtiv|tjes, suph as athlotios or working way through college, * 
K. A - S. C. E. and A. S. M. E. fend of the' photograph). A oommittee composed of Messrs 

jpV, ton Roads was held in the National Bank Blossom, and H. C; Carpenter will oon- 

IjK; Hampton Roads, Va., January 20 and ■ rider t|he applications and will notify the authorities of Columbia - 

B Pi:-. The addresses aod papers prosentod wore iU',f(dl^^pllSSS' i lHP!riX^i i y' ot torir selection of a candidate. The last day for ’ 
fSk: Industrial Aclivities of. Tidewater, t-PPlMions for 1928-1929 will bo Juno 1 , 1028 , 

wSkff ■: Norfolk-Portsmoutli Industrial °^ r9G at thfe Columbia Sohpols of Mines, Engineering, and 

Hp ■ y&e Industries of Virginia , W. S. Rodman,:J 1 7 eiLra in lon Btb and is on a graduate,basis. 

BB 8&" 1 Virginia. ; * 5 ^*^ m M 0Jti mn ^ 'h*Y« bad something:of a general 

^Mtk The Barnes, Namc?nound and Chuoka considerable work in mathematic^, physics," " 

' W. T. Bdlardj The XE. Groiner Go. ftndby v {t ; ^f^j^^t||||i^Sdjt||pmi$tryv Three, ye ais of-preparatory* work .Jn a good 

Constrilotion Co. # ’ V' 1 " s ^°P 1 ^uld bo sufficient if special att^ntio^ 

|p|j| 5 : Introductory Remarks on ^ tbe three preparatory subjects ipontionod. 

Rp|; Biokelhaupt, So.*«Boll Telephone & T( 0 i|ejgraj>h ($<$,’ftH lf |8 $f| A college graduate, with a Bachelor of Science degree in engineer- 
11 - : p Pictures by Telephone, O. A^; ' ^ Vantage. The candidate, \n 

pi I^otomao Tolephono Co, admitted on the basis of his previous aollogiate reaord, and with- 

^ Television, Dr. Herbert E. Ivos,--W examinations... . * ■ 

" * Transatlantic Telephony , IT. P; advanced course is to produce a.high type : 

K! plione and Telegraph Co. ‘ in the humanities a-s well as in the' fffiida- 

. Eleotion of officers was reported as. , f£ ia lippod that enrolled Students . 

M Rodman; Socretary-Treasurer, J. S. Millor; Executive Coni- and others qualified will show a keen inter oat in this schplarshiii. : 

m' mittoo, G. C. Boyer and E. W. Hu&tod, These officors wero ; ,-:.:' v - ' ‘ ,V ! '' ' . ■ ■ :i: .''! ■'* V " ?v i-: 

0, ° T ctod f r ° n ? y° ar beeinnl “ 8 at Receives' Ericsson.'Medals , 

ilHv Inapootion trips wore made on the second 

9% ■ An al tendance of 108 was roeoixlod at~th^J»!|iH^^^^SSil^^f ! NT er8ary b 'H««e» of the Antoricaii Society of 
mk : - ■■}' New York, February 11 'To^ his autstand* ^ 

Hit:of radio engmeerihg, M theVolm 

m-y . Pittsburgh Section H 6 lds to Dr ‘ E * W. Wv^xandersoh-- r 

h ' GsnoftU Electrie-Company j chief 

18 " , . ® ^ngineci: of the Radio Corporation of Amorica £nd a Follow 

| : A midwinter mooting of the Pittsburgh Section of the Institute of the Institute. > V; . f ^ ,r', f- - 

| .In conjunction with the Eleotriool Boolion- of the Engineers ‘ The modal has been awarded’but, oneq: before, ifhon. Dr. 

|.: Socioties of Western Pennsylvania and the A. I. E. H, Branches Svante; Arrhenius,' former head of tho-Ndbel Ins'tibto and the , 

m, Of West Virginia University, Carnegie Institute of Technology first man to advance the theory of ionization/ received it.' Tliis 

and-'University of Pittsburgh , 

Wm';0^amaty 10 . • W ^fcendell fcy President ' ‘ 

The Student ConforeUco as repotted Oh tfll- ibf^hA^GboUd^ifand^th^Grown Prinoe imd Grown*Pfilncm rs of ftwnrlAn;!' 


aud will notify the authorities of Columbia 


1 p|,r February Journal was hold in 

’276 mdmbors and guests attoiidod:#|(fS|^^|^^^^gi 
||gSvrOf Commeroo Building to Banot;bft| 0 |i^^|||^^^^ 
pill Institute. ;f Thjs ms followed 


j ' ; Dr. AI'o.y nudorsd.n, who holds more than 200 patents, recently 
r domonilrated two of ii is mare rocont *dovelopmonts } a home 
e ' tol.evlelph.reiver and a device for receiving radio photographs 


|B! by President Ghorardi on 
p:S;;V‘ .A symposium was* thou 

|p|§f.: with Behodnlod abates.as indioai||^^p|pp^^^^M 

A~C Network Systems, ■ ^ ■. 

||1$. Engineering Aspect!, C. 


■' 1 ‘ tf'iityMi 
■: 


■■ ■- f " jm 


| f$|aan«l ManagementsCorp, 
Operating Performance, 

||||%nd “Power CJo. * 
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•patronage of the Illinois Gas Association. These assistantskips, 
for each of which there is an annual stipend of $600 And freedom 
from all fees except the matriculation and diploma fees, are open 
to graduates of approved American and foreign universities and 
technical schools who are prepared ^ undertake graduate study 
m engineering, physios, or applied chemistry. 

Appointment to -the position of Btfsearch Graduate Assistant 
is made and must be accepted for two conseoutive<collQgiate years 
of ten months each, at the expiration of which period, if all 
requirements have been met, the degree of Master of Science will 
be conferred. Half of the time of a Research Graduate Assistant 
(approximately 900 clock hours for each fen-month period) is 
required^ commotion with the work of the depar tment to which 
he is assigned, the remdinder being available for graduate study. 

„ Additional information may be obtained by addressing* 
The Director, Engineering Experiment Station, University of 
Illinois, Urbana, Illinois. 


• * ■ • ’ SUMMARY - 

• « 

Operation op BfuLDiNa 

Credit Balance January l, 1927. . . 

BuUdlpg Revenue 1927.. . $ * 134 * 945.82 

Building Expenditures 1927 . 115.902.32 


Annual Paymonfc fcoDep, & Renewal 

Fund.i. 

Part cost of Alterations, Basements 
ancjCtlx Floor. 


12 , 000.00 
11,040.39 

Credit Balanci Deco mbor 31, 1927.. 

Operation op Library 


Maintenance Revenue.. 

Maintenance Expenditures*! ” ” ] * 

Credit Balance Dec. 31, 1927_ 

Transferred from Service Bur. 
Balance. 


2 ..... I II ll|l ... 


cMlli t|l|j IMlIU | WllllllllilllliU JllJH r| tyMillll N11 tlMMMJil II 




United Engineering Society 


■mmiKJ iiiiiiu miiui iiiiimniMmiiini iiniiniimi idmm 


’mini mu i mum iihhiiiij ihiiii i i ihiii riiiiiiimiiiim u 


Deficit Dec. 31,1920. 


^ ANNUAL REPORT 

J T ^ e fioard of Trustees (three from each of four societies) con-* 
™ the business committed to United Engineering Society tfy 
its founder Societies under its charter, the Pounder’s Agreement 
and the Library Agreement. 


BalancoDcc.31,1927. 

Ser vice B ur eau Ravenue. $ 

Service Bureau Expenditures and 
Adjustments.... 

* Credit Balance Dec. 31, 1027_ 

. Credit Balance Dec. 31,1926.... 


44.232.92 

44.142.92 

90.00 

470.14 


20.782.76 

19.416.77 

1,300.99 

1,933.34 




. s .. ...£'®*M a budget of revenue and expendi tures for the ensuing 

; calendar year js presented each September to the Secretaries of 

-I" •' „ the for the information and comment of their 

ft. ,y governing bodies. Each January, reports for the preceding 

P . ' °f Iend « year by the President, the Treasurer, and the Finance 

Committee, and a financial statement of receipts and expendi- 
llifi • tur ® 8 ar f S0nt to tbo of each Pounder Society. Reports are 

WendSn^;library and Engineering 

f.S g ! ne r g S e oi ^! os Building is tax exempt. It Is adminis- 

- >, tered m the m.arn on a cooperative basis and not for profit. 

SPSS# a u nd W i th tU ? m of experienoe,-assessments for, 

-the use of offices have,been reduoed to the form of rentals and 
- ^ting halis to 'a sohedule of oharges. 

- ” ® C6S not us ® d b y the Pounder Societies and their joint Organi- 

nations are allotted to Associate Sooieties. When the meeting 

? Ttt th ® Foua ' d <* Societies, other patrons use 
iZ : tb l^ 0t f the d ® m - d ^oh it has been practicable to 

- ° hSv i K T U ? f f m Assocfate Societies and from meeting 

K • H5 reduces the burden upon the Bounder Societies for mainte- 

r : Pounder P sT V ’ ar ! fiXed ohMges on the building. . To each 

fT J '’ Inter f? ^ tho ratO of 4.8 per cent per annum 
is paid on its investment of $202,500 in the: land and building- 

Svffig£l $I2 1v a ye T ^ 1S building is maintained eon- 
stantly in goodoonchtio.nand there is a Depreciation and Renewal 

r minw»^ fl ang f b ' ldeet provision against majdr repairs and 
V «on7 V” d -f 6 ol)so OSOf,nce ol ' thc struoture above the founda- 
i 12Y i ^ m 1907, additions and ;impmy^ 

St S thatTl 6 l ° ^ blliIdi ^ fr ® ra time to time, the 
, . argest being that Of three stones in 1916-17, when 'the Civil 
- - Engineers joined United Engineering Society : 

Engineering Society also adniinisters several trust 
ndiTm? FoUnd f ,ion and Engineering Societies 

naan IS SfiAinnor n. rmiiiE 


Transferred to Maintenance. 

Neb Credit Balance Dec. 31,1927, 

f 

i Funds and Property 

Funds held by IT. E. S. Doc. 81, 1D27 (Book Value) 

Depreciation and Renewal.. 

General Reserve... .!..!!!,.'!*. 

Engineering Foundation. ,,”'**’* 

Henry R, Towne Engineering. !.!,*. . 

Librai’y Endowment.. ;!!!!!!! v! 

Reserve for Depreciation of Capital of Library 
Edward Doan Adams ,' * * 
John Fritz Medal (U, E. S: Oustodl'an) .! {! * 7 V ^ 
Louvain Memorial Subscriptions; .,v. 



11,094.24 

18,083.60 

.5 

a0,ft77.*4 

23,340.39 

. * 

7,331^6 

• 

A 

• 

560.14 

600 14 


3300.33 

0.00 

470.14 

• 


Total.,>.. 4 ;;. /. *v.'J> ...;,;.... 

Real Estato owned by U. E. S., cost to Dec. 31,1927. 
Operating cash and petty cash,,..... .v • v .v : - • 
Accounts Receivable. 


2,8ap.l9 


604.530.77 
49,053.13 
103,340.07 
4,000.00 
100 , 000,00 
3.600.00 
12,345.48 

903.234.88 

1,073,410.42 

0,785.96 

-8,259.74 


St* 

UK 

Pi! 


S3,330,207,49 



Value of Library (as appraised for insurance)... . qao 7 a a on 

Winoholl Library Suspense Account........’ 

Total Property for which U. E. S. Is Trustee or Custodian. 

BM^ANOj|^HEET - • 

R oal E s tate % s " ' 

..$ 640,000.00 

gg[;,V.. • • ^ • l-378.239.20 

Equipment... ,yv . , r< , f ,,, f 33 171 ie 

Founders Preliminary expenses...... ’ 2 t,ooo.o Q $ lr07 3,410.42 

Investments and Cash Uninvested 
Depreciation and Renewal Fund t V . i; ... 

General Reserve Fund. ,»i.. . v. .. • • ' ' *' * ^ * ’ *' 

Engineering Foundation .Fund’ .V.a^ • !* 

Henry R. Towne Engineering Fund. ^,. 

Library Endowment Fluid... .!, .-. : vv!!!! ’ * 

Reserve for Depreciation of Library Capital. ****** * ' : 

Edwatd Dean Adams Fund. : ». 4 ,,,,;, t . # ° 

Louvain Memorial Fund—Cash in banlcv 1! ;• * | ’ * * ’ V * ‘ ’ V ‘ m . 

Operating cash and petty cash....,,, ‘'' •*' * V * * 

Accounts receivable..,, ,V * ’ * ’ . 

Winchell Library Suspense Accoiidfc.. ... ;. 


: ■ * 


Total,.......... v , ,,,, 

Lia^bitibs 

Founders' equity In property..; ,,. 

Depreciation agid Renewal Fund... ] *, ’ * * * 
General Reserve Fund,,,,,.,. 

Engineering Foundation Fluid. fM ! -. 


’ - i • - 


208,058,03 

7,500.00 

504,530.77 

49,953.13 

103,340.97 

*4,000.00 

iob.ooo.oo 

l;^,3i6.48 

•9,786.06 

$,269,74 

838.00 


92,977,0^8.40 




*1,973.410.42 
i 208,058,03 
>' 500.00 

S04jlj36.T7 


• .. • 1 : # t *^ ,! *• -./i 

.^ . 

~ : V. • :*>. *•/ •• • . r . • v . ♦ • / • 
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Henry R. Towne Engineering Fund... 

• Library Endowment Fund. 

•Reserve for Depreciation of Library Capital. 1 ! 

Edward Doan Adams Fund....... . . 

Louvain Memorial Subscriptions. 

Louvain Expenso Account (Balance on'linnd). 

Endowment Committee Expense {Balance on hand)* 
Deposits on account hall-rentals...... 

Deposits library Service Bureau... .W.’]!!!![];' " 
Deferred Credit-Library—Associates Contribution’. 


INSTITUTE AND BELA’TEp ACTIVITIES * 


40,053.13 
16 a ,340.07 
^ 000.00 
100.00p.00 
12,345.48 
' 381.70 
2,^94.95 
300.60 
39.00 
600.00 


a I., ti , _ —. v^uuvriouuon. 

Credit Balance In activity accounts.. ^ . 


Respectfully submitted * 2,m, ° 28 - 49 
Jacob S. Langthorn, 

• * " Treasurer, 

• ——— -S »' * 

n Book Review 

TlIEOBIE deb WEOIESELSTBOMEBBRTBAauNQ (Theory of A] 
terna ting-Current Transmission) by Dr. Ing. Hans Grfinholz nn H 
published by Julius Springer, Berlin, 1928, 222 pages—130 *11- 
lustrations, and 12 tables. The author has madoaspoeialstudy ot 
the system of oirclo-cliagmm onrvos relating to the altornating- 
ourrent power-transmission oirouit, in oonneotion with hi 
studies for the doctorate tliosis, and also studies made in 1923 
on the design of the first 220-volt transmission lino in Ger¬ 
many. Circle diagrams liavo been worked out and printed in 
the numorous illustrations at-the book, with great care, for> 
number of particular cases The book will have special Stores? 
for* power transmission ongmeors. 

" i _ 

* m 

: Obituary 

W * *£ L, 1 v‘ iU T n ’ Follow of tho Institute sinoo 1912, president 

*.0 Franklin Institute for fivo terms, andanelootrioalengineer 
of widoly recognized ability, diod at tho Jofforson Hosnital 
Philadelphia, -£a„ February 7, 1928. Mr. Eglin was striokoli 

7] ?u° 7 n a i b ° an r 0l ‘ Ui30 ; ■ Born in Gln8 B 0W - Scotland, July 
14, 1870, ho was oduoatod m tlio Aiidorsonian University of 
Glasgow and the Wost of Scotland Technological Collogo As a 
♦youth he assisted Hankie Kennedy in his early experimental 
work on o-o. generators and transformers. Ho came to America 
m 1888 and tho following your wont to work for tho Edison 
Electric Light Company, which, in 1890 combined with others 
to foim the 1 Ink dolphin Electric Company, of which Mr. Eolin 
was vice-president at the time of his death. Tho amalgamation 
of those engineering interests impelled the standardization and 
unification of power-plant equipment and distribution systems 
throughout tho city, and Mr. Eglin was given charge of all this 
work Iuvo groat stonm-otgetrio plants wore built under Ids 
direction and throe years aggto turned with equal facility to the 
planning of tho hydrooloofrio plant on tho Susquehanna lWver. 
(The eombmed ratings of those stonm stations now amounts to 
575,000 kw., with 378,000 hp. tehoaddcdnoxt faUb “con- 
owmgo system). Nor wore Mr. Eglin’a ambitions for himself 4 
alono; ho was anxious to promote all oduoatioiial and boneflolal 
organizations for tho ranks of his omployoos, In 1890 Mr. Eglin 
sevvod at tho International Engineering Congress, Paris, as ft 
representative of tho Engineers’ Club of Philadelphia and the 
Franklin Institute; tho University of Pennsylvania, Swarth- 
moro College and other institutions have coiiforrcd honorary 
degrees ripon him; lio lias contributed much to technical litora- 
turo, botli ln^ngmooring papers and reports, as woll as having 
dohvorod hn lecture encouraging tho promotion of olectrioal 


not only an eminent electrical engineor but a man who was of 
wi o general public benefactor. Mr. Eglin served'actively, on 

Tone 113 , Id3tlUlte Committees and also as its Manager 1903- 
iyU6 and Vice-president 1907-1909. ’ * 

.-n I°howing minute^to liis memory was adopted by tho 
Board of Directors at its February 10th meeting;— 

a great' to* °fn D ti\ W T Ui 3?} 9’ L ’ % lin 0,1 February 7, 1928 was 
TlirouL'limit uH , tl,e I ast ?Oite and to tile engineering world, 
membfrshin fn° ibSi ^ mod dating from tlio beginning of his 

marked distinction and. 


lovfiHv^nn mariceu ammeuon ana. 

Vico-l^rosirlen? ny wl i!!!f committees and as a Manager and a 
No work wm in , cad to bun for service ever went unheeded. '' 
cemmhtee asJ^n^ rd f° U ? f °i' hnn , to Undertake. To all of.his 
re sou ro ofi?1 nr to' 91 Ij 6n i 8 ’ brought a vigorous enthusiasm, a 

to his eowoS« a broadth which %wre an^aspiration 

of tlio i i^°) v l 1101 ! were ins peers in his chosen brandh 

The elolt..«i,9?ot' a -^‘ - of r hi ?l l he was one of the pioneers, 
■oonntrv and tb6 leading scientists of •this 

nffnii^cnaiif^l'llnS^^^'^'-^^^oJ 1 the viewpoint of a man ofi. 
of Xctrkat i t0 advancement 

career andMiio*' ®]j rectoi ' s ' mindful of Dr. Egliu’s distitfguished. 
convevs J fn luo iw-? 1 ’ 61100 ! to fl l . e highest engineering ideals, 
ordersthk ini ? m,ly S ,nd associates its deep sympathy, and 

oiaers this minu te spread upon the records. * • 

9, ^°*brouk, for several years sales mauager*of 
tho Miniature Breaker Company, Inc.', Long Island City, but • 
or tlie past several months forced into retirement by ill health,— 
•died at tho Flower Hospital January 12, 1928. Mr. Holbrook 
was born at Grcenport, L. I., February 18, 1872, and after going 
wuougli business collogo soon determined upou the eleetrioal 
profession for a carcor. January 1,1901, he joined tho Wnsting- 
houso Electric & Manufacturing Company, but the fallowing 
year was transferred to tho Nornst Lamp Company, of which he 
ultimately became manager for the New England States, with 
headquarters at Boston. Ilia work in the ole tori oal field was • 
varied, bub showed professional progress in all undertakings. To 
Mm IS duo a share of the credit for the development of the excess 
curront roiay, upon which lie worked with Mr, A. W. Burke of 
ihUadelpkin. Mr. Holbrook also contributed liberally to the 
. °ra.turo of tho National Electric Light Association. Hie late 
in rests have been in the dovelopinont of electrical appliances, 
ana the promotion of olcctncal sales organizations. He beoamo 
a mombor in 1921. • 

James Wilfred Harris, late of Alfred Wiseman, Ltd., 
Mechanical and Electrical EDginoors, Birmingham, England, 
died January 14. Ho was a native of Bilston Staffs, England, • 
and was oduoatod at King Edward’s School, Birmingham,* * 
followod by ati olootrieai education at Meson's and Tins- 
bury Colleges. For throo years thereafter ho studied, in 
tl si lops and drafting room of an oleofcricaL oonstruoti on eom- n 
pany, and for anothor tw« years was doing tho actual oonstruc- * m 
tion work for tho samo company on central stations and street . 
railways, assisting in tho equipment of tho Liverpool overhead 




Nor worn Mr nviin»« u 7 • 7.* msmmg in tno equipment of tlio Werpool overhead 


twvuu, Jiv vvun utiAiuu^ to promo 10 a artlinn. 1 ; mini find 1 i ■ , ; —.^ 

organizations for Oho ranksof his onnilovoos In 1890 iwliJi Uvltiiig up work in some of the most important power plants in 
served at tho Intorimtoml ^ ^ ^ tho Paciflo °^ ast of For 12 

roprosontativo of tho Engineers’ Club of Pbiladolnliia au'd H.« ^ ftS ? L fb onglnoor fou U,<1 We3t Kootenay Power & 

Franklin Institute; tho Unive^JaiUr It lin wS Z h , ^ I ' G0 " Bonnirgten Palls, B, C„ and them joined lift British ^ 

moro College and other insfiiiikm a L & Wostingiiouso Elootrio & Mfg. Co., Ltd./at Pittsburgh, passing f 

degrees upon him* ho 1ms coiilribiiiorl O0l,E0lr0d honornry through tho shops anditesbsdftd was sent over to Trofford Pork 
turoi boSf iiSioorinTuZS t ?f° 0(l " i,, ^« tee with, a powgr plant. Mr! Harris, has 
dolivoroTlklrm rifT,' ^ ro ”' ort8 > tt Vvoii as having boon a member of the Institute since-1904. ^ ..X#>• 4- 

engineering, on “Tho Power ?omnim 6 ,)r ° ll J 0lIO ' 0 ! olectrioal Johannes Jolmnseii, chief operator of ppwor ftnd substations 
Electrical Enorgy ,f before the nm-lnm^ ? Mt * of for the Fruitvale Power Station, SouthernPacific, died December " 

and iSS’nnol ef ?,Tf * 20, 1027 <. In^ company^eis that they have lost a " 

eMivontion oTZ tslJl . XT m° f °f ,P W ^° 19 wlioao value it is difficult to overestimate/ :■ Mr, JobaUsen : 

ST °stortn K * nt! 2 0(11801 l[ }™^\ m Cw- wife born an#educated in Denmark, b# like many of his { 

oablo to all grades of men in rim i ?. an | d a PPl>- ooimtrymou, left for political reasons, He came to tho States j 

mombdr of thrEdmon Piotior* ri.n d nt tiy i ^ ?? V Wft ? a an(1 vith a' woll-trninod mind and earnestness of purpose which : f 

fioftiofv hut Anifivirnsn ti i* H 10 } ^ unr Jnafchig' Engineering soon won for him the confidence and admiration of all thpae with - 4 V 

Modioority lmd no jilaco iri iiis calculations: and hy dint of Ms - * * _ ■ ’’p, 

. ■■:■■;:■ v. 






sofontifle ana fraternal bodies. ■ In his djatii, tho wotM has lost 
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own hhrd labors, his ambitious carried him to success in all his 
undertakings. ^ toom 1891 to 1903, Mr. Johansen was with thb 
Edison Electric fllumymting Company of-Brooklyn, for the last 
six years of that period acting as District Foreman of Operation. 
He then became operator for the Interborongh Company! New 


Vnr \r ion* n -n 1 >v ^ Ui executive offices and served on its Council 

*52S ' rO “ 1820 .‘“. «?«* »' «* !«»“■ He « otaM 


(2) thp. laying ,of the first 66,000-volt cables and 66,000-volt 
overhead transmission lihes in Great Britain, the first of which . 
we 5° undertaken in 1923, AFr ; Vernier was a very active 
member of the Institution of .Electrical Engineers, kavjng.kold 
many of its important executive offices and served on its Council 

1*_1 < nArt i . -i . 


K" 

h;. • 






■ ( ■ - ------ ~ v>. J. iTOff IWJi, 

Central Railroad Company until 1911, when he was appointed 
to the position which he held at .the fime of his death and in 
^ which he has rendered faithful and efficient service for nearly 
. twenty years, Mr. Johansen’s friendliness and geniality knew 
no confines; all who knew him mourn his loss as a personal friend, 
Charles Vernier, chief engineer of Thq, Macintosh Cable 
’ Company^Ltd.,^Walton,' Liverpool, died January 9, 1928, of 
pneumonia, following a pervous breakdown. Born at London, 
April 15, 1877, be was educated there at the Regent Street Poly- 
’ *® chnio and the City and Guilds of the London Technioal College, 
Finsbury. He served an apprenticeship with Messrs. Reyrolle 
& Company, manufacturing electrical engineers of London and 
-gainedfurther experience with London firms on general engineer¬ 
ing and instrument work, Ho was electrician in oliarge of 
«“testing work with Broclde Poll Are-Lamp Company, London; 

assistant engineer on Mains work with the Cork Electric Tram- 
. ways and Lighting Company under Charles II. Nerz and Col. W. 
_McLellan; chief mains engineer with the Newoastle-on-Tyno 

Electric Supply and Associated Companies; and for 20 years had 


a Fellow of the A. I. E. E., June 1927. 


Addresses Wanted 

A list of melnbers whose mail has been returned by the postal 
authorities is given below, together with the addresses as they 
now appear on the.Institute records. Any member knowing the 
present address of any of these members is requested to cpmmuni- 
■ cate with the Secretary at 33 West 39 th St., New York.* 

All members are urged to notify Institute Headquarters 
promptly of any changes in mailing or business address, thus 
relieving the member of needless annoyance and assuring the 
prompt delivery of Institute mail, through the accuracy of our 
mailing records and the elimination of unnecessary expense for 
postage and clerical work: 


Sydney 0. Clarke, 824 St. Nicholas Ave., New York, N. Y. 

J, H. Miohelsen, Pacific Elec. Mfg. Co., San Francisco, Calif. 

j&fr f ** *«• ■»“ «'£ *J£t 


Oompq.iyes’ mains constructions, repairs and maintenance 
-°||v ' TJis notable works were (1) the laying down of the first 
large 20,000-volt underground cable system in the world, in 
County Durham, England. This comprised, initially, 40 mi. 
of 20,080-volt jjhree-core cable in 1908, with continuous exten¬ 
sions in that and adjoining counties in subsequent years; and 

I....... _ 


F. R. Reynolds, 1623 Wyoming Ave.,.Kingston, Pa. 

C. B. Rice, 81 Park Ave., New York, N. Y.‘ 

Meade G. Spears, 9 Hancock St., Brooklyn, N.’Y. 

P. Taylor, 122 W. 103rd St., o/o Guilfoyle, New York, N Y 
Wm. W. Van Sant, 531 Elm St., Reading, Pa.* 

Kurt Geo. Wendt, c/o Public Service Co., Kankakee, Jll.’ 


. .... . ...a...... 
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A. I. E. E. Section Activities 
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Future Section Meetings • "•% Pittsburgh 

, T . t 4 . ■ Cleveland . Vacuum Tube Applications, by T. A. E. Belt, General Eleotrio 

Joint nieetmg vqtli Case School of Applied Science Brandi, do. March 13. . . . 

arqh?2. « 4fc Phenomena, by Dr. Joseph Slepian, Westinghouse Elootrio 

M-Y-J , ;•* JnierconuMxqn of Power Systems, by Philip Sporn, Elec. Eugr & Mfg. Co. April 10. 

Apnorioan Gas and Electric Co, April ID. . Pittsfield 

' ♦ . t ,* Columbus Conditions in China, by Dr. Tehyi Hsieh. Masonic Teranle 

J 9 , ?M lnner . meetmg with Engineers’ Club of Columbus. Mavch6 “ 

U . .♦ -^fl^. 23, ‘-i.C'i ' Pov/er Transmission, by Philif§|j3porn, The American* Gas 

W$ ' X . Y lnt rneet,n ? and smoker with O. (?. U. Branch. April 27. and Eleotrio Co. Stanley Club Rooiips. March 24. 

• Erie Annual Dinner. Speaker: Charles Milton Newcomb. April 3. 

' '^Tendencies in Modern • Transportation, by N. W. Storer . * St. Louis , 

. : , Westinghouse Elootrio <$Mfg. Co. March 20. ’ Television, by Dr. H. E.'Ives, A&U Telephone: Laboratories 

'iVm Use <^?^ehdnical Ideas in Electricity, by W. S. Franklin, Mn . roh | 7 1 ‘ . / 

of Technology,.. : April 17. \ ^ elding t by K, • L. Hanson, .finnsiilfeimr 


Arc Welding, by K, L. Hanson, Consulfcing Engineer. 
April IS. v ; ; /;• 

Ad- 
substation, 
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r> . i Chicago ’ • * * , 

**•«. «*** 

Ue &814? AfiSiaSS"' 1 ”’” ®“ w « m i 

i Cincinnati ' Attendance 60. ’” ml EIeetrKI Co ‘ Februal ’y 1 . 

^zz°vz 

‘" 8m "‘"* • ... . • 

y *^Sir« 5 £rar , i^^!S» »» £* „.'. ‘7 yK; - K '°‘™»«^:T 7 - A “- a “" ,a . * - 

• ■ • ; 
n 1 r, Columbus " ftj/ , ^ • * •<*? « 

6?y i?^to r by Dr. Phillim Tlin^ot, w ,.. n «. 7 Tni Niagara Frontier m 

-IS& 5 S™ "SfiassWisw:. 

„ . • ' . Eric * ft P»te;»r# 7 , 

s p - ■ £h a»' s .i B . . *•*-«• ‘• 

„, „ '- Fori wJT 3 °- teaaiftss^«** * « 

Iudlftnapoiis-Lafayoltc Smoko Prevention, by W. aChrist, and *.';/i . ^ 

l£S^ 

^iMWU^WioMtomS'Sod"' .°“ H **' lw H ' ®v p. !■•:••:.: : 

ft?|srtesscr ■ ^»"S8&4««ar ^ 

s±StS? , -£SK- a 7 4 ““V^sruKSSa 25 * „ «-k«k*aw. . - -.. ■ • ■ ^ ■ m 

Uioincotfng. January27. AttondancoHI. ^ I'A^on^^^ao/.^^rJ^IL’N.Blaokbnm^ ' ^ r - 

, ., Ithaca '■ ■.•■• % V' • : W* tlon Mj$dM' x A^.hvS»r> 

Assemblage of Equipment to Make Un a Cnmntnio k January20. Atlondanoo54. « , ^ •" 

El<Uion Design, hJli fjS.ftSl s S|» . ,.: '' . . : ‘ ’ 
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Toledo . 

Ladies'Night. January 20. Attendance 50. ! 

Toronto 

Insulation, by W. P. Dobson, Hydroelectric Power Comm, of 
Ontario. Illustrated with slides. November 25. At-* 
tendance 78. 

Applications of High-Frequency to CtMlvol and Communication, 
by O. A. Boddie, Westinghouse Electric.& Mfg. Co., 

. December 9. Attendance 68. 

^ • Urbana 

s Stability of Transmission Systems, by A. D. Dovjikov, Westing- 
house Eleotrio & Mfg. Co. December 15. Attendance 150. 

** * Utah 

» Use of Underground Cables, by P, P. Ashworth, Utah Power & 

• Light Co,, and 

m Installation of Underground Cables, by C. F, Cassidy, General 
Electric Co. January 12. Attendance 40. 

• « 

, * Vancouver 

* Inspection trip to the Eire Alarm System. January 10 At¬ 
tendance 36. 




• • 


■ Electrolytic Rectifiers, by Mr. Parsons; 

Curreni-Transfor?ner Errors and Methods of Testing, by Messrs.’ 
• Duncan ifnd Harvey; • 

The Rotary Converter Room at Trail, B . C., by Mr. Nowmarch; 
Heat*Treatment of Steel , by Mr. Tupper, and 
New Method for Overcoming Dead-Center'on Engines, try "Mi*. 
Sinclair. These papers were presented by students at the 
University of British Columbia, .February 7. Atten¬ 
dance 41. . 

. Washington* 

High Steam Pressures, by N. E. Funic, Philadelphia Electric Co.; 
A, R. Smith, General Electric Co., and Mr. Waldbridge, 
Westinghouse Electric & Mfg, Co.; 

Use of Pulverised * Fuels, by Henry Kreisinger*, Combustion 
Engineering Corp.; and 

Use of Powdered Coal, by Commander Evans, U. S, N.; C. J. 
Jefferson, U. S. Fleet Corp., and Capt. E. D*Gatewood, 
U, S. N. February 10. Attendance 170, 

Worcester 

The Power-Factor Situation, by K. W. Adams, General Electric 
Co, Meeting 1 was preceded by a dinner. January 18. 
Attendance 50. 
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STUDENT MEETING HELD BY VANCOUVER SECTION 

At the meeting of the Vancouver Section held February 7,1928, 
#ie following program was presented by members of the 1928 
class of the Uni verify of British Columbia: 

Eleclrolylic Rectifiers, with account of original research, by 
Mr. Parsons, f 

Current Transformer Errors and Methods of Testing, by Mr. 
Duncan and Mr. Harvey. 

The Rotary Converter Room at Trail , B. C., by Mr. Newmaroh, 

Heat Treatment of Steel, by Mr. Tupper. 

tfew Method for Overcoming Dead-Center on Engines , by 
Mr, Sinclair. 

The papers were of excellent grade, and were deeply appre¬ 
ciated by the audience. ’ •! 


. * mm r "" .... Min rm nun......mi.tnuJ 

papers by Counselors Friday morning; six strident teohfric&t 
papers Friday afternoon; a joint meeting vith tie Atlanta Section 
Friday evening; a Conference on Student Activities Saturday 
morning; and inspection trips Saturday afternoon. 

Plans for the meeting are being made lender tile direction of 
Professor Earle S. Hannaford, Counselor of the Georgia School 
of Technology Branch, and Chairman of the District Committee 
on Student Activities. ** 


tiC':-:" ■, V 
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LECTURES ON ACCIDENT PREVENTION 
•• The National Safety Council has recently published in 
pamphlet form the first two lectures on accident prevention 
♦prepared*mder the supervision of it's Committee on Promoting 
Accident Prevention in Engineering Colleges, The titles are* 
Accident Prevention, A F&ctor In Engineering” and 
“Preventing Accidents on Woodworkfng Machines ” 

These lectures are intended primarily for presentation to 
engineering students either in connection with regular courses 
or at meetings of thq,student branches or chapters of the national* 
engineering. societies. Single copies have been sent by the 
Council, to the deans of all engineering colleges. 

_ * • 

CONFERENCE' ON* STUDENT ACTIVITIES TO BE HELD IN 
• SOUTHER^ DISTRICT 

Since early last fall the Committee on Student Activities of the 
^Southern District (No. 4) has been working upon the details of a 
combined Student Convention and Conference on Student 
Activities, and has deoided to hold the meeting at the Georgia 
.School of Technology, Atlanta, Georgia, March 30-31.; 

; Questionnaires and voluntary suggestions have brought out 
therideas of the Counselors and members of the Branches, and 
have aho^n thatgreat enthusiasm and unity of purposb exist, 
fh concerned are looking forward with anticipation to a meeting 
wluoh will bring individuals, Branches, and colleges into & better 
•uiiderstandJng and appreciation of* their common purpose and 
the ideals and activities of the Institute. . ? 

: : , .The suggested program for the meeting.includes an address of 
welcome by Vice-President C. aBickeihaupt, and three technical 


BRANCH MEETINGS 

Municipal University of Akron 

Twin Coach, by G. E, Burkholder, student, and 

Wi ™, D lVA by L, C \£ cbaoht > student. Motion picture, 
™ tendLice 6 ^ nd ^ Mlcrosc °Pe. was shown. January 13. 

Alabama Polytechnic Institute 

Opportunities Offered to Young Graduates in the Electrical Engi¬ 
neering Ptel% by Mr. Klottman,* Westinghouse Electric & 
JVirg. Co. Discussion of proposed inspection trips to three 
Attendance 50 ^ ^ abama Power Company. December 1. 

The Locke Insulator Company and Its Products, by L. W. Carnaev 
District Manager, Locke Insulator Corp., Atlanta, Ga! 
Deoember 8. Attendance 65. ’ 

The meeting was conducted in the form of an old-time spelling 
match. Scientific questions were prepared by several men 
appointed by the Secretary. December 15. Attendance 46. 
Business Meeting. The following officers were eleoted: Chair¬ 
man, C. T. Ingersoll; Vice-Chairman, C. D, Bradley* 
Secretary-Treasurer, W. P. Smith; Auburn Engineer 
Reporter, L. B. Hallman; and Plainsman Reporter, J. J ' 
ORourke. January 6. Attendance 54. 

Metering, by G. L. Kenny, Gulf Electric Co., Mobile; 

The Recent Developments in Radio, by W. R. Coleman, Jr.,’and 

■ adl tenaSe50 * aU ° n ' by A ' M ' Dunstan - •‘J'P'HPy 12* At- 
Cottrell Precipitation Process, by J. R. Alexander,’ student, and 
w - T ' •“*“* -*% *■*«* 2. 

* 

University of Arkansas , f 

Correcting for Excessive I R Drop in TransmissionLines, by 

E. R. McClusky, student. . The Bfanoh decided to hold 

meetings, on first and third Tuesdays.of eacli month 
January 18. Attendance 29. . lm ' 

Activities of the Chamber of Commerce, by Scpth Hamilton 

* 3r e MtendSlffi 0hamber ° f Commerce. ; Jammry 
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. Buckncll University 

' 1SO Braneh°w?t{i , po^nnsylv'at>ia*S^£bt 8 ^O^l| ) ^ Bl -t? k ’ ne ' 1 University 

at State College Tl College Br«neh to bo UelS 

sjsk- .&ysr is* 

' " ’ , UaMfonilft Institute of Tcchnolody * 

M°Z , N ’ *•*> *-** »• 31. 

"* ®“SjSSid s ^“R*o , ]iaIff*?»«'»>*. by Dr. 

Attendance 11 ’ Burt Lab °“tories. ? February 3. 

^ University of California * 

"■*” "niiflniiofiOn 




accompanied 'the'lecluriT V«S»T’l»SK"-«-r f “™“' 
transacted, January 25, Attendance 59? f b,,s,ne3s 

• Carnegie Institute'of Technology * • 

om teS^ 

Activities^ dept, of Folml^v .Tnn ^ '^V 800 ^ bl,do ^ 
Attendance 150. . y Journal. January 10. 

osagefo^ast- 

. Case School o£ Applied Science 

Cleveland Electric 


rii ■ 7 "mnummg s 

Jlhmtnahng * Company bv IT T, w«n«T, W ™“T ™" WD i trw 

, , Clarkson College of ^eohnolody 

“‘aAiy ™f “ *** •» »• =■ »i«% dm. i. 

followed tlio mooting. Jon»™ i. T£< lu “f 0 « 1 “'» 1 * 
University of Colorado 

'Some Points of Interest about General Electric Corny ana bv W rc 
(dark, Sales Enginoor, Gouornl Electric Co? ? Illustratwi- B ’ 
Opportunities with the General Electric Company bv M M 
Boring, Industrial Service Dept,, SobonoHy- M> M< 


University of Kentucky 

Business tyTeeting, Adoption of By-laws. January II. At¬ 
tendance) 31. 

• . infnyctte'College 

Prof. Movland King showed moving pictures of Atomic Hydro¬ 
gen Welding and of the Largest Single-Unit Electric Dooo- 
mohve Discussion of plans, for the Student Branoli 
Convention of the Philadelphia and Lehigh Valley See- 
tions. January 21. Attendance 22. . 

i • 

Louisiana State University , « 

f Hf V2, un Q Engineer Can Expect When He Leaves College, by 
Mr. Davis, Baton Kongo Electric Co, Several items of bus- 
moss dis&ussecW January 12. Attendance 25. 

Lewis In&tltute. ■* ^ 

P ev l$ es (^d*Meihods , by TV A. Marsh, Combustion 
-^JigineGrmg Co. Joint mceti”™* K w ~ 

January 17. Attendance GO. 

Ghic Tj i A 0 \ onal £° war Supply, by p, B. Juluilco, Chief Load* 
!SSlS? m ~ ,th &,bn Co - Jton-aty 31. 

ontit, . od . rospnetivoly “Pictures by Wire,” 
Transmission of Speooh by Wire/’ and “Tole-'>« 
islon> were shown. February 2. Attendance 90. 

UnlvpruJfv IUni«« 



( - —4.*j, lu/duuuivi 

Motion picture, entitled “Tho Romanoo of Telophonv ** was 
shown, January 10. Attendance 40. I y ’ TOS 

ShipPremihion, .by N, J. Linnoll, student. Motion picture 

StafeuuStt 1 ° E ^ W(lV0S,, ” WJW . 8llown - 8 l 

Motion pictures on Television woro 
Attondanoo 4L 

Mol KSSi 0 o a TraM],w ' taliori woro sl,owu 


shown^ February 9. 


February 13. 


Marquette University 

Engineering in the Business-World, by Gborgo Phelps First 
Wisconsin Co. January 12. Attondanee 27. P ’ 

The Eesrgn and Comlrueiiono/ UrUn Distribution Systems, by 
Railiva^nnAr F a Q dB ! l ?'" GGl 'i MilwaukeeEleotrio 

15? "pobr h ary 9?jH^im dande 40/ tL ^ U ° ^ Mawh 

* 

-. ” • MlehljJnn State College 

The Manufacture and Uses of Fused Quartz, by.B, J. Rowan, and ^ Folt^CmfnAfe ll ^ noh faction Company, by Prof, L. S,. 

Demonstration of the Photoelectric CcU, by R. II Owon FfiA p Counselor, 

Broadcast,„g Station, January 25, ^ttenLce SOO ^mcZan^ TT \ 8 S°T mmnUh Pomf ^ration of. 

^J-E.tofcoan.the .. .. . „ . ' 


ttr 




Financing Public Utility Securities, bv J, L 

Securities Dept, of tho IhtbUo Sorvi^ cT v ‘nk«^. KL ' r T™ 
It. Outt was appointed Safoty RoprosontoUve T HcfSh 1 

AUondanoo4o7 e<1 at tho 0,0,0 of lio Pm™*- Fobruary L 
University of Denver 

Sources of Stellar Energy, by Vernon Ca,o a . . 

raaas^- 

Drcxel Institute 

rV 'T l Attm tee ™ aim ’ ]3r ° WnInstrumoul 'Co. February 

-> % University of Idaho .i lv". 

The Conmdson\>f Ileal from. Underground Eleotrio Cables bv 

•Ka^ ssa ? J1 and 

*> University of Kansas 

Motion pictures, entitled “The- Light of tho Rane" ; m. 
Horsoloss CWriago,” woff shown fi £,£ d m ™ 
wofo oleotod: Chairman, lt. M A al ii 0 h : 

E.dl. Sills; Soorotary, A. WoifS^^ E B HkS’ 
Joint mooting with student branch of A Sl.ff prior m 
, oloctiou jjfomcers. January 12. Attondanoo SO,. 1 1 


& Tw“f ' The Eclroil dndNcm York Edison Companies, 
i r °f- A. Nneter. .Prof, M. M. Cory gave a talk on the 
Gonoial Sludout Courso and Mr, Ejunoy spoke on 

some typoa of State work. January 17. ArttcOaneo 39 

University t»f Michigan ' i 

dl S’ffert W Control, by H. D. JamoM, Vest! nghouse, Electric 
cfcMtg, Go. January 19. Attondanoo 85. 

• ■ . ;• ... 

University of Minnesota 

Television, by Dr. J. O. Perrino, Boll Tolophono Laboratories, 

miMia ^£ ni5£ T 8 °i 1,10 Minnesota Section were 

guosts of the Student Branch. January 12, Attendance 400. 

Mississippi A. & Mt Colleiie 

Design ancl Construction of Armatures and transformers, by 
A. L. Moore, Now Orleans Oilloo, Oonorai Eleotrio Co. A 
fllm, doBcrlptivc of the Fort Wayne, Indiana, plant of the 
Company, was shown* January l5« Atteudaaoo 84, 


Discussion of 


Missouri School of Minos 

mission of profitrOrmB for future mootings^ Decided tm 
1 rosldoiit should appoint a program committee, November 
lu Atlondanco 14, 

Motion pjofcu^o ph Pmfiot Tranrformors was shown, December 

U. Attonaanc6;30i ■ i 
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Mercury Arc Rectifiers t 
* ■ dance 21. 
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Motidn picture, entitled “Making Mazda Lampstfas shown. 
December 13. itttendance 33. 

University of Missouri • 

Talking Motion Pictures , by E. J. Lawton, student; 

Development of the Telephone , by C. EJSchooley, student, and 

. The Holland Tunnel, by G. L. Crow, student** February 7. 

• Attendance 38. 

» Montana State College 

Improvement in Loading\Coils by the Use of Permalloy. (Extract 
from^n article in the Electrical World for January 7, 1928.) 

* Readby Cfarl Oberbauerf student. January 12. Atten¬ 
dance 126. ' * # 

* Lightning Prevention, (An abstract from an article by Colonel 

# E. H. Wilcox in the December number of the Scientific 
American.) Read by F. E, Heikkila. student. January 
20 .* Attendance 124, 

» * 

• Newark College of Engineering 

• +A-C* Radio Tubes , by H. M. Fireman, Westinghouse Lamp Co. 

of Bloomfield, N. J. Discussion of plans for N. Y, Section 

• Student Convention. January 16. Attendance 24. 

Gyroscope, by R. L. Witham, Electrical Engineer, Sperry 
►\ % Gyroscope Co. Accompanied by three-reel motion picture 

1 on the “Action of the Gyroscope.” January 30. At-, 
tendance33. . / 

College of the City of New York 

f* Fifty %eats of Progress in Building of Bridges, by D. B. Steinman, 
'$•graduate of and former instructor at C. C. N. Y. Joint 

• \ .^meeting with A# S, C. E. and A. S, M. E. January 12. 

Attendance 48? 

\sy ft New York University 

Development and Research Work on Long-Distance Toll Cables , * 

ViTT M Q Q nnr i.rl A „ i- { T\ „ Tn -r> T j 


. t . University of Notre Dame 

The Functions of Transformers in Radio Circuits , by Mr. Moyer,, 
, a junior.. Illustrated talk on “Railway Signaling” by Mr. 
Loeffler, a senior. Refreshments served,. January 9. 
Attendance 71. * * •* 

Life of Alexander Graham Bell, by Laurence Wingerter, student, 
and 1 ■* * * * 

Characteristics of Harmonics Due, to Condensers in bscillatory 
Circuits , by Dr, Fnvier, Indiana and Michigan Electric Co. 
January 23. Attendance 67. f ’ 

f Ohio Northern University 

Short business session followed by a talk on, “Carrier Current 
Telephone Transmission” by E. C. Smith., L. R. Althaus 
spoke on* “Chemical Condensers of Large Capacity,” 
January 5. Attendance 29. 

Mercury Arc Rectifiers, by C.Wolley, and • 

The Uses of Electricity in the Holland Tunnel , by W. G, HenseL 
Discussion of “Engineers’ Week,” January 19. At- 
* tendance 14. 

Insulators and Their Characteristics , by Marion Runyon. Dis¬ 
cussion of Spring inspection trip. February 3. Attendance 
21 . 

University of Oklahoma 

Disciission^of stunts for Open House, February 2. 


dance 23, 


Atten- 




• • : Oregon State College * 

Business Meeting.. Discussion of plans for the annual Ednca- 
tional Exposition, in which the Branch sponsors the electrical 
engineering exhibits, January 11. Attendance 42. 

The Resistance of a Rectangular Conductor , by S. 0. Rice, and 

The Portland Installation of Mackay Radio and Telegraph Com¬ 
pany, by B, G. Griffith. ■ Artro Swingle was appointed 
Safety Representative, February 1.: Attendance 43. 

Pennsylvania State College r/ 




The Theory of Indicating Instruments, by A. F. Corby, Jr,, 
Weston Electrical Instrument Corp, January 25. At¬ 
tendance 29. . r-: .. •: • 


by H. S. Shepard, Executive Assistant to Dr. F. B. Jewett 
> A. T. & T. Co. Motion picture, entitled “A Prophecy 
i W& Fulfilled,” was shown. Plans have been made to hold bi- 
y weekly meetings. Discussion of plans for New York 
• • Section Student Convention. February 9. Attendance 36. 

. t UiiiversityPltMmrijK 

I - Uniycrsity of New Hampshire . . A-C, Radio Tubes, by R. H; Capek, and 

I Sme Boarin <l InvesHgama^ Colby and .% A; Goodwin; Our Next World Far,by I. L. Chabot. January 6. Attendance 45. 

t . ffnio <o Wmiop a PleosiUg PgrsomlUy, by M . W. Cummings anp Joint meeting, with West Virginia University and Carnegie 

[ " . i. trove, a,nd Institute of Technology Branolies. For report of meeting, 

« m .a w,™ -r_ rr. tt,,.. — see Student Activities department of February Journal, 

January 10. Attendance 80. 

Electrical Reproduction of Phonograph Records, by J. G. Hoop. 
January 20. Attendance 38. 

The Theory and Principles of Electrical Measuring Instruments, 
by A, F. Corby, Jr., Weston Electrical Instrument Corp. 
January 27. Attendance 38. 



Hodgdon and H. W. 

>and | 1 -- ■. ' 

by R. M. Knight and J. M. Lee, 
^ : ;>Atten4auce 39. 


January 


Princeton University 


n '• • ■ i jiumiuu university 

ilia?-'- < entitled, “ConoVingo,” was shown. January * Pou> ^ r a S§ tyohting of the Holland Vehicular Tunnel, by Prof. 

V A. - , 30. Attendance 39, * M. MaoLaren, Counselor. January 23. Attendance 10. 

. University of North Carolina , Rensselaer Polytechnic Institute 


: Research,’ by John Mills, Director of Publication, 
..JWwPbone .Laboratories, Inc. ' Discussion of an 
imeers Danoe tube s))ouserid by the local branches of the 



(Syss TK “ n '* r ' w - *"•££ 

January 6, Attendance 37. N 

' .UhiveMitv'ftf Nnrfh UaWu \ A- W •' \ : '^xh. ; _ A”}: • 


Simple Theory of Relativity, by R. A. Patterson, Professor of 
Physios, January 10, Attendance 180. v 

Rhode Island State College 

Television, by C. T. Miller, senior. December 2. Attendance 31. 

Building Construction, by J. L. Morrison, Bigelow, Kent, and 
Willard Co,, architects, Boston. Deo^mW 9. Atten- 
r,; dance 44. , y\ j *•• • v %i :v. ; 

Electrification of-.-the Virginian Railway; by^ Charles Wales, 
Ihsfcruotot in E. E; December 16. Attendanoe 20, ' 
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University of Tennessee 

Moving itoesofTheffenn^ Electric Power Co. January 



members of the Branch flS m, fL„,"y™ S3e , a ™ at fcb - 0 

■ • •^srxsasap 

. a„»™» e , tS^ISxpsF** 

University of South Dakota i . ' / .' Attendance 77, , 

meCt £idmS r0adS ' by Mr ‘ H Wtd. December 44 . ' At- L ,. p . Virdl,rta MlIltary 

BushlOH( , M ' . „ . . • • Electrical Equipment of (he Holland Tunnel, by W. II. Old- 

Attendance of* onnuation of January 18. Mortality of the Bell Telephone Company, by R. B. Batte.Wl 
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The 100-Kw. 'tobe, by R. W. Clark:; _ 

°' N ‘ R ' B - EkclrifiMion, by E. II. Ejsher, and University of Washington 
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Journal A. I. E. E. 




Engineering Societies Library 


.....nun miniiinimiiu 






^ !T/ie Li&rarfr is a cooperative activity of the American Institute of Electrical Engineers, the American Society of m 
Civil JUnginters, the American Institute of Mining and Metallurgical Engineers and the America^-Society of Meehan-* 
ical Engineers. It is administered for the§6 Founder Societies by the United Engineering Society, as a public ref erence 
library of engineering and the allied sciences. It contains 150,000 volumes and pamphlets and repeives currently 
most of the important periodicals in its field ,. It is housed in the'Engineering Societies Building, %9 West Thirty-, 
ninth Si., New York. t 

In order to*place the resources of the Library al the disposal of those \tnable to visit it in person, the Library is 
prepared to furnish Usls of references *to engineering subjects, copies or translations of articles, and similar assistance. 
QHargesmcjjicient to cotter the cost of this work are made. # m ■ . ■ • 

The Library maintains a collection of modern technical books which may be rented by members residing in North 
America. A rental of five cents a day , plus transportation, is charged . , 

The Director of the Library will gladly give information concerning charges for the various kinds of service 4o 
those interested. In asking for information , letters should be made as definite as possible, so that the investigator may 
understand clearly what is desired. 

/ The library is open from 9 a, in. to 10 p. m. on all week days Except holidays throughout the year except during 
July and August when the hours are 9 a. m. lo 5 p. m. 
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BOOK NOTICES JAN. D31, 1928 

Unless otherwise specified, books in this list have been pro- 
i seittedjby the publishers. The Society does not assume responsi¬ 
bility for any statement made; these are taken from the preface 
ov the text of the book. • * 

All books listed may be consulted in the Engineering Societies/ 
^Library. 

Men of Science; a Biographical-Directory. Edited 
Jpy*J. Me Keen Cattell and Jaques Cattell. 4th edition. 

# IN. Y.,'Science 5ress, 1927. 1132 p. t 10 x 8 in., cloth, 

moo.. 

Gives brief biographies of about 13,500 men wlio are engaged 
in scientific research in America* or who have contributed to 
the advancement of science by teaching or mating or by work in 
related fields, such as the applied sciences. A useful guido to 
the scientific workers of the country, 

Applied Magnetism. 

ByT. F. Wall. N. Y., D. Van Nostrand Co., 1927. 202 pp., 
diagrs., 10 x 8 in., cloth. $8.00. , 

• vi In view of the wide and increasing industrial'importance of 
magnetism, there is need for a concise, yet reasonably complete, 
survey of this branch of electrical engineering, which this book 
is designed to meet. The first part presents the principles of 
applied magnetism and includes the theory of permanent mag- 
, «ets, the characteristics of magnetic substances, reductivity, 
nmgnoto-striction, the electron theory of magnetism and the 
generation of very intense magnetic fields. Part two considers 
methods of magnetic testing, giving a representative selection, 
inoliidiug those.most likely to be useful m practise, 

A. S. T. M. Standauds, issued trienniglly. 1927; Pt. 1, Metals. 
Pt. 2, Nonynetallio Materials. 

. American Society for Testing Materials. Philadelphia, 1927, 

* 2v., illus., jliagrs., tablesj 9x6 hi., cloth. $14.00; half-leather, - 
$17.00; vols. sold separately—cloth, $7.50; half-leather, $9.00. 

This edition, is one-half larger than that of 1924, the date of 
the last triennial revision, and contains a large number of new 
standard^. There are now 147 standards relating to metals and 

• 206 to non-metals, 

The standards include specifications, methods of test, defini¬ 
tions and practises. A wise variety of commercial products of 
importance is covered, including materials for machinery, 
funding and electrical equipment, road materials, fuels, lubri¬ 
cants and oils, preservative coatings, etc, 

jBonbright Survey of Electric Power and Light Companies 
of the United States, 4tlx edition. 1ST. Y., MeGraw- 
Publishing Co., 1927, 173 pp., maps, 11x 9 in., 

Japer. $10.00, 

Boubright survey is a geographic survey of the electrical 
supply industry v in feliis country, in which-every operating 
company is definitely connected, by maps and tables, with the 
; that , it serves. It enables .the user to ascertain 

yrhat company serves any town of over 2500 population and to 
obtain a picture of the surrounding territory and neighboring 
companies, The capitalizations # and emfrungs of the larger 


companies are included, with certain relevant facts about each 
state. 

Chemistry of Water and Sewage 'Treatment. 

By Arthur M. Buswell. N. Y., Chemical Catalog Co., 1928, 
American Chemical Society, Monograph ‘seties). 362 pp, t 
. illjis., diagrs., tables, 9 x 6 in., cloth, $7,00. 

Aims to give i complete summary of the existing information 
upon the chemical reactions taking place in the various processes 
by means of which water is improved for domestic and industrial 
use and waste liquors are rendered fit to bo discharged into water 
courses. It is, the author states, the only Rook dealing solely 
with the chemistry of the various purification processes at 
present applied to water and sewage. „ • 

Courts de Mecanique; Complement. 

By L. Guillot. Paris efc Li6ge, Ch. Bdranger,. 1926-1927. 

2 v,, illns., diagrs., 9 x 6 in., paper. Price not quoted. 

These pamphlets supplement the treatment of the resistance 
of reinforced concrete and" upright beams,, and of the special 
mechanics of fluids given in the author’s treatise on mechanics, ' 
published some years ago,. r • < 

Course of Modern Analysis, 

By E. T. Whittaker and G, N. Watson. 4th edition. Cam¬ 
bridge, University Press; N. Y., Macmillan Co., 1927. 608 pp., 
11 x 8 in., cloth. $12.50. 

An admirable treatise, which gives a rather exhaustive account 
of the various ramifications of the subject, for use by advanced 
students and for # referenoo. References to the literature are 
numerous. The changes from the third edition consist in addi¬ 
tional references and corrections of errors. 

Design of Merchant Shirs and Cost Estimating. * 

By Alexander Kari, Lond., Crosby Lockwood & Son, 1927. 
299 pp,„ diagrs., tables, 10 x 7 in M cloth. 36s. 

. This, the author says,, is the first attempt to treat the practical 
- side of design and cost in a systematic maimer. The author 
gives no space to the theory of naval architecture but confines 
himself to the problem of designing, for the lowest cost, the ship 
which will perform a specific service most economically. For 
this purpose lie discusses such questions as tlio choice of the type 
of hull, the determination of dimensions, the general arrange¬ 
ments for particular trades, etc. The latter half of the book 
discusses the estimating of weights and’costs and gives formulas 
and methods for preliminary calculations. Numerous coeffi¬ 
cients and formulas are given throughout tlie text. , * . 

Dielectric Phenomena; Electrical Discharges ij^Gases, * 

By S, Whitehead, N. Y., D. Van Nosfyahd * <3o., 1927, 
176 pp,, diagrs,, 9 x 5 in., cloth. $4,00. 

This volume presents a critical summary, written from the 
scientific point of view, of the available knowledge upon the 
phenomena accompanying electrical discharges in gases. It 
gives a short account of the mu^n phenomena that have b<£>n 
observed in discharges at pressures for wliich.tlie mean free path 
is small in comparison wjth the dimensions*of the electrodes, and 
discusses brie% the theories dealing with*them. The*volume 
has been prepared at the suggestion of the Electrical* Research 
Association, to encourage study of the fundamental phenomena 
of insulators. • • 
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Introduction GiqisfwraTjH) a La Photombtkib. 

' By Charts‘Fabry. Paris, Revue d’Optiquo tMorique oE 
iustruihontale, 1927. (Encyclopedic Photoindtrique, y. 1). 
178 pp.. diagrs., tables' 9xQ in?, paper. 20 fr. . 

The llovuo d’Optiquo has undertaken the publication o£' a 
photometric encyclopedia composed of some twenty-seven 
volumes, each of which will deal with, a definite aspect of the 
broad subject o( tko. measurement of too intensity of visible or 

Tlio present volume, by the Director of the Institute of 
‘Theoretical and Applied Optics, presents the fundamental ideas, 

♦ • the definitions, and the units used in measuring radiant energy; 

•* n, n d forms a general introduction to the volumes which are to 
t follbw, “ f 

^ iNTllODUcTioN ATBT A 1.1.0HOV OP IllON AND StEBIj. 

• By II. M. Boylslon. *N. Y., John Wiley & Sons, 1928. 

“•* pp., 1 *illus., tables, 9x0 in., cloth. So.00, 

• ,* a well illnstratod, well written text-book upon the manu¬ 

facture of iron and stool, as now carried on in America, which 
coversIjio entire industry without attempting to bo exhaustive. 
Professor Boylston gives particular attention to the winning of 

• tlio motal Prom its ores and the processes for refining it to the 

• dloslred quality, and gives loss space to processes of shaping steel 

• and Vo metallography and heat treatment. The book is intended 

# as«a ooUogo tcxt-hoolc, but is also suitable for those with only a 

• general interest in tlio subjoct, 

.•"■"James Watt and this Steam Engine. * 

By H. W. Dickinson and Rhys Jonlcms. Oxford, Clarendon# 
Press; N. Y„ Oxford Univefsity Press, 1927. 41/5 pp., illus,, 
ports., : ll x 9 in., cloth., $21.00. 

' ^iiis'handsomo volume, ono of the resultsi of tlio coimnomora- 
■-■'uMl* Bontonary of Watt’s death, at Birmingham in 1919, 

"V __ u 4. 1 ,-,. amr nA fl.Tirl nP in- 


TV UL VVUiOH O ..., ' 

valued by every student of the steam online and ofm- 


biuoa ny ov^l’y bwiuoui cm- u.v _ 

ventioh, IU is tW'definitive work upon the labors of Watt, 
" od upon firsthand study of the documents by two men with 


IIP® 

. oasou upon nrsyurnuu nvwvy ”* “1” 

"SliSmboScisdivWtxl^intotwoparts, dealing rospootivoly with 
'•••v 1 - '■ the man and with his work upon tho steam engine. Iho bio- 

com,inrakivelv brief. It gives salient foots 


/S'.. | 

including the new developments. It can be warmly recom¬ 
mended as a coherent* intelligible Recount of work upon its _ 
subject and of present theories, : ^ o.yi.-. 

LBS*MoTmina a ConitANTS AixTbrn atifs. ; - , . 

By] Louis Lagron. Paris, Albert Bl&noliard, 1927. 429 pp M 
• illus., diagrs., 7 x 5 in., paper. 25 fiv • *' • 

A text-book on the theory, design and construction, of these 
motors, covering the ground usually covered by a college text. 

Tub Phase Ruhr and its Applications. * 

By .Alexander Findlay. 6th editirfh. N. Y.» Longman^ 
Green & Co., n 1927. (Text-books of physical chemistry). 326 
pp. t illus., dial's., tables, 9x6 in., cloth. $3.50. 

A non-matliornatioal explanation of the principles underlying 
the Plrnso Ruler; with illustrations of their application, to the 
classification and investigation of cases of chemical eqmlibrium. 
Tho book is intended for students of physical chemi^?, metaV 
■ lurgy and geology, and aims to he elementary enough for the 
beginner of the subject. This edition has been altered exten¬ 
sively and carefully revised throughout. 

Pioneers of Wireless. 

By Ellison Hawks, Lond., Methuen & Co., 1927. 304 pp., 

illus., ports., 9x6 in., cloth. 12/6. 

After giving an account of the researches of the parly students 
of electricity, who laid the foundation upon wlucli the art ot 
wireless is based, the author discusses the development ot 
methods by conduction and by induction down to the invention 
tho thermionic valve. The result is a history wluoh begins 
with William Gilbert ancl traces its subject to recent times, 
calling attention to many men whose work is frequently over¬ 
looked or undervalued. „ 

Practical Radio Telegraphy. • ■ * • 

By Arthur R. Nilson and J. L. Homung. * N. Y., McGraw- 
Hill Book Co., 1928. 380 pp., illus., diagrs., 8x6 in., cloth. 
$ 3 . 00 . 


PH •• reduood to a pmqtica form ana uio auvuiupmuuv ^ -- 

; • 6 s|he book 1 is elilboSttoly illustrated with .portraits,. ^ 

froTtho original Boulton and Walt drawings. 
^ A*oriilcalbiblioe^phy:Js"in()ludqd^ -y^.- 

ji il.’j'r'vi.- V _«4.-r 'fTl»Y...j-.V,wrnvn iV. "PirVAn-Tlfl. V, 2. 

;>Macmillati & Co., 1927. 

which ft uniform with yolumo ono, contains a 
i#' ■■ trhiSation of fpur courses of octuros on theoretical physics 

^wliioh'hitVe providusly been published in Dutch during tlio yeais 
' ■ 'IQlSlib 1020, These obut’ses are upon thorinodynaimcs, entropy 

>.* • tho theory, of mcliation, and tlio thoory of 

■ * Manual or Industutae Safety* 

Ohio. Ss N.-YA. W. Shaw Co., 1927. 

oxporionco with tho Wis- 
Natioual Safety Council, 
"10 essentials of safety 
i ancl managers. It 
tho training of em- 



______j AND tub Elbotiuoav /f riEQnV OP Mawjbb. 

Barnes Airnold Growtliorf /^tli edition. Phila., P* Blakis- 

tables, 8x5 in., 


^ vivJ and; etruetiftro of 

lww ^opn obliged 

■ ; > ag^in to rowrite 14s admirable survey of the electrical theory of 

^Thcr new edition extends the provious account by 

}■'. ,* . / . 


CJ.VJU, „ , 

. A well balanced toxt-book, prepared for training radio opera- 
tore, and covering the knowledge necessary to oljtain licenses. 

It is also adapted for use as a reference book by. those charged 
wilh the maintenance of the typos of equipment discussed. 
Covers radio telegraphy as used in the marine services. 

s or tub 13th Annual Meeting, 1927. . t 

Society for Testing Materials. Philadelphia, 1927. 
diagrs., tables, 9 x 6 in., cloth. $6.60; half-leather, 

$8.00; paper, $6.00. „ „ 

The proceedings are issued in two parts. The first oonta 

Sss^^^- 7 l! S^SvSSSr 

;{^ 0 ro , s. 5 o's:M - 1 

Radioteciinik, V. 6; Die Bloktronen-Rdhre. . p 

By Otto Stumer. Ber. u. Lpz., Walter de Gruyter & Co., 
1927. 124 pp., illus., diagrs., 6 x4m., cloth. 1,50r.m. 

A conbise text upon vacuum tubes, their manufacture, pro- 
# portics, uses and modes of action. 

Sl By T H H Buckley. 1- N^Y?!). Van Nostrand Co., 1927. 203 

PP A UtolWwp' the ^P-tlffihK 

survey of the subject. : i ^ • : (< *: 
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Engineering Societies Employment Service 


IIMIMII HHkMIl MM »|lt4mi| MMlI II^HillHU IIMIllll III 1^1 


MhiitfiMiiunniiiiiiiuimi 


ijiiiii(uiiuiunvuiHiiiimiiiiirmiPiiiMiiiiiii(«iiiu»iniihiii 


Under joint management of ike national societies of Civil, Mining , Mechanical and Electrical Engineers cooperatr 
ing with the Western Society of Engineers, The service is available only to their membership, and is maintained as a coop¬ 
erative bureau by contributions from the societies and their individual members who are directly benefited. 

Offices:—SI West 89th SI., New York, N, Y, t — W, V, Brown , Manager/ 

68 west Jackson Blvd., Room 1786, Chicago , III, , A. IC Krauser, Manager. 

67 Post St., San Francisco, Calif., N. D . Cook , Manager. * 

MJ2N AVAILABLE.-—Brief announcements will be published without charge bxit will not be repeated except upon 
requests received after an interval of one month. Names and records will remain in the active files of the bureau for a 
period of three months and are renewable upon request . Notices for this Department ^should be ad&essed*?to 
EMPLOYMENT SERVICE, 31 T Vest 39th Street, New York City, and should be received prior to the 16th day 
of the month. * 

* OPPORTUNITIES.—A Bulletin of engineering positions available is published weekly and is available to 
members of the Societies concerned at a subscription rate of $8 per quarter, or $10 per annum, payable in advance. Posi¬ 
tions not filled promptly as a result ofpublication in the Bulletin may be announced herein . as formerly. 

VOLUNTARY CONTRIBUTIONS.—Members obtaining positions through the medium of this service are * 
invited to cooperate with the Societies in the financing of the work by contributions made within thirty days after* 
placement , on the basis of one and ohc-half per cent of the first year's salary; temporary positions (of one month or less) 
three per cent of total salary received. ' The income contributed by the members, together with the finances a\ 


by the foxir societies named above will it is hoped, be sufficient not only to maintain, but to increase and extend ike service , 
REPLIES TO ANNOUNCEMENTS.—Replies to announcements published herein or in the Bxdletin, should 
be addressed to the key number indicated in each case , with a two cent stamp attached for refonmrding , and forwarded 
to the Employment Service as above , Replies received by the bureau after the positions to which they refer have been 
filled will nollic forwarded. « 



positions open 

UNDKRGnOU-ND DISTRIBUTION ENGI¬ 
NE BUI, BO-85,* technical graduate, having con- 
hU l«3 vtx bio Initiative), abljity , and experience on 
(loKljRit and coiistrijotion of a-c. underground 
Apply by letter, giving complete 
Information, as to ago, education and oxperionc?, 
PorjLmy-nont. Location, Now York. X-SfMO-O. 

SHOP . MANAGER, graduato mechanical 
ongtticor, 36*10, with up-to-date shop experience, 
for company manufacturing all kinds of olcctric 
oqii Umient. such as tolephono apparatus, cables 


MEN* AVAILABLE 

EXECUTIVE OR ASSISTANT, 36, married. 
12 years' oxpovlonco covering distribution, in¬ 
stallation, sales, administration, purchasing, 
statistics* special reports. Capable, energetic, 
adaptable arid loyal. Desires connection with 
engineering, manufacturing or public utility 
concern, where hard work and ability will bo 
recognized, Location, Mlddlowosb preferred. 
O-3G10. . . ... 

ELECTRICAL ENGINEER, graduato, 23, 
exporloncod in layouts, connection diagrams 


instrument transformer 
Desires permanent posi¬ 
tion with opportunity for advancement. Location, 
immaterial. 0-4044 


Uglit K. ole. Must bo experienced executive, able detailing switchboards, 
to redesign If apparatus is not practical. Pioco design and estimating, 
rate and cost experience desirable. Apply by 
* lot Lor. Location* Mlddlowosb. X-3302. 

FACTDllY. SUPERINTENDENT, graduate 
oloat-rlcfil onglnepf, 40-50, with proved record for 
mail.vifacturing In alt it£.Retails. Good admlnis- 
t rat dr oxparloneo'in control of labor, costa, pro- 
duObion. ot0„ as woll as in control and direction 
of In vyntors, model and to^l juoko^ Jpp y by ui mont an(l installations; olcctric arc welding; 
lot La v . giving ago, education* experience and actual ( ^ V( ji 0 p inont and production work. Location, 
reap o?iRiblltUos for 3KS- J £-5040 

bub l>v description.. Company employs overiOOO EXECUTIVE OR ASSISTANT ELEOTKI- 
lianct». Product consists of devices Mostly aAL ^ aiNEER, 43, married. Well-balanced 
mooli an leal. Now.'-.Eng aqd., pp y ^portoricoj.S yi^n jwwplanfc 

ouly by letter, X-372Loa. witli electric railways, public utilities; 12 years 

BALES .ENGINEER, 'to domoristrato, install, 


MANAGER-EXECUTIVE, 42, married, tech¬ 
nical education; four years United States Govern¬ 
ment Eorolgn Service, construction, operation; 
ton years operating executive, national known 
holding company, Interests, United States; 
throo years Far East, foreign executive, oonaifttatt, 
engineer. Location, foreign or domestic. 0-4030. 

ASSISTANT TO ENGINEER SR SUPERIN¬ 
TENDENT. Electrical and Mechanical engineer 
with nine years* experience In responsible position 
in the installation, testing, operation and main¬ 
tenance of generating and substation equipment of 
largo public utility. Also oxporloncod in in¬ 
dustrial plants and general ’engineering, Has 
initiative, ability, and can secure results. g-24C(L 
ELECTRICAL ENGINEER, from a woll- 


Tt F nTllf GA L AND MEOIIANIOAL ENGI- known Middle West University, ago 23, specialised 

>*» Ranw^^nooriog. floras 


NEER. . 

uato. Sixteen years of practical experience in 
design, tost and operation of a-c. and d-c. motors, 
generators; relays, contactors, controllers, switch 
board panels; elevator construction, hoisting 


some electrical railway concern and to reproach u 
them in the future in tils homo country. Location, 
Now York oh Philadelphia. 0-3182, • 

ELECTRICAL ENGINEERING TEACHER, 
28, married, doslros position teaching Electrical 
subjects in school, college dr university, wost W* 
southwest. Exporionco: one year Gonornl Electric 
Company Tost, two and ono-hnlf y#arfl Coaching 
Electrical Englncdrlng subjects in college. Mini¬ 
mum salary, $2700. *Now employed as assistant i 




professor, but available on short notice,; B- 8002 . 

.. — m Mm*** 

» HHSSr *?■*?*& 

Tnavclliig, X-40Q3. industry with number of plants, Location, ELECTRICAL ENGINEER r 33, M yoaraV 

. public utility experience, • dcslros position as 
struotiirM 6r electrical draftsman. Excellent* 

references frpm former employers, f-1023. 


* 


: take over lino of carbon 

nrovltiota in Now York territory, Headquarters, 
Pennsylvania, Apply by letter. X-8007-C. 
I^KBEAROU GRADUATE AS9I8TANT- 


eastern Pennsylvania. 0-4046. 

COLLEGE TEACHER OR INDUSTRIAL 
RESEARCH ENGINEER, 38, married, M. S. 

olctrlcal • onglnooring In collogo: Hnoo ran ;anM>'«aMM ' ft , 

h bU<i*t• ^Miningglyfesoxcollontpropavationforengl- BNOTNEKRINa''! mill ^((ulpment; relay protooWon anil motorln*^ 

t'h o r p'^fStoti^onrinoorlng" 8 ^lt^tlohi for UATB.B. S. In E.B.^B.sInglo.yoaivln I adust rial spaa^s S ^ a "‘ sl !; LocaUon - Unlwd 9|:ft,ti0S or 
hn umit; bv Awl! 1. 1028. olecWlcal maintenance and onp year with natural foreign* 0-8549. 

Desires position as instructor or ELECTRICAL ENGINEER, 23, single. Ex- 


Applications for 
4 P?>j>iriii)nnpnl> 'should bo sent by April 1, 1028 
Bln-Tklt a fwiiislicU request A ™ u - *•” 


Apply by letter, gas company. 


''-V.L'cfivi; || 


Annua! stipend 
X^lXf>0-C-S 


$000 

* 


f ; transmission linos 


and freedom* from fees, one in connection with high-voltage research. 

Location, Immaterial. 0-4024V • 

±TIJ±T>10 ENGINEER, for roscafrch and do- ELEOTRIOAL ENGINEER, 30, married, 

work in* rcqolvor circidts for position desires a permanent position in which production _ v ' 1 

inTlargo stablo railo* corporation, Mustliavo or tJovelopmont work on small electrical or GRADUATE! 
tt H3- of fcfluivalont degree and*must have^on- mechanical parts will predominate. Ten years Wost^nghouso and ^ 

?‘ fc ocl original eftorlmontal investigations along engineering exporlonco with Yiokors Ltd., and expcriCncof, 1?' 

Cos Apply only ^ letter. Location, W^tinghousei also^^streot railway- experience 
^ ork 6i%. X-2419. some drafting. 


N&VSV 


0-840. 


experience and matte substatioh?,;;EbipIbyed;;!:^ / i^P5b?v|| 
^available on reasonable notice. 0-4070, 


■■ 


■ :-vi,* v . ^ f.-/ : •i/u- 1 ;T. 

• \ \ ’-j ; '' ' . v:-., •iv.-'.;.: . i5.., '• ! - .■* 'fy 1 f 
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INSTITUTE AtfD DELATED ACTIVITIES 


Journal A. I. E. E, 


LEGTRIOAL ENGINEER, 26, single, to do heating, ventilating, lighting, electric powor; 
engineering graduate work, technical or practical, operating costs reduced and facjoiios o'nhfrgod 
profe’iTlng practical, or sales engineering, Has without r topping operation. Massachusetts In- 
Uacl four years’ of practical experience with- largp stiUite or Technology, Protestant, American, 
manufacturing company testing ill typos of B-G714. 


electrical control, Location preferred, Micelle- 
west. 0-3-26-1304. 

ELECTRICAL ENGINEER with olovoii years’ 
broad experience in tending and practical engi¬ 
neering work in manufacturing and public utility 
corapanios, wishes a professorship in oicctrfcal 
4 engineering, Holds a master s degree from a 
recognized eastern university, lias been an asso¬ 
ciate professor for four yoars and seeks greater 
opportunities, B-7802. * 

" GRADUATE ^gJiEOTRIOAL AND ME- 
OHANICALENGINEER, ,TJnivorstty of Oall- 
, fornia, B. 9, and M, S. Teaching and labora¬ 
tory *ag well as power and industrial oxporionco, 
jiVould lilco teaching or laboratory lmsition or 
*work involving application, control or design. 
Position with consulting engineer doslrcd. Excel¬ 
lent references. Available ond of April, Loca¬ 
tion, immaterial. CJ-2038, 

ELECTRICAL ENGINEER, 30, married. 
*tsraduulo E. E., General Electric Tost 1# years; 

electrician and foreman on Industrial maintenance 
, anti construction 2^4 years; 3 vi years generating 
and substation construction with sonic oxporionco 
* chi station operation, distribution, rates and 
services. Location, United States, Canada. 
n-703 7, , 

ELECTRICAL ENGINEER, 24, slnglo. Four 
years’ experience In nil departments of Intcnirbau 
railroad! one year as" mechanical and Patent 
Ojficfc draftsman; two years as assistant onginoor 
of largo internrban mi^vay system, Location 
prof eared, Un||.e(l Stales. C-4004-1504. 

ASSISTANT ^ OPERATING SUPERIN¬ 
TENDENT, 28, married, Technical graduate; 
lfi months’ Wustlnghouso course on power and 
railway work; 2X years computor on new oleotrl- 
flcation at Olovcland, Ohio; IB months appraisal 
engineer on Utility in Tonnossca. Desires 
pornifuiont position with future. Location, East 
or Mildlowest, 0-3007-1060, 

SALES SERVICE ENGINEER, 44, niarrlod, 


ELECTRICAL ENGINEER, sln0l<L sevon 
yoavj’ experience. Executive oxporionco with 
contractors as designer of electrical and mechanical 
layouts. Writer of spocifloatlons for schools. office 
buildings, hospitals und theaters. Brand knowl- 
ocigo of oioctrical and mechanical ocxulpfnont, 
supervision of installations of such equipment. 
Gonoml Electric tost coxtVse. Desires poi'inanent^ 
position with good .future. 0-2208. p 

GRADUATE" ELECTRICAL ENGINEER, 
26, two years’ exporlonco in cublomnd substation 
work, wants connocfton with utility or mining 
company. Location, immaterial. 0-2440, 

ELECTRICAL ENGTNEI&R, 20, single, M. S. 

. . . • ’25, cooperative courso Massachusetts Institute 

more Um,i twenty yem*' oxporionco in of Toch ’ nology and GoniJ1 , al E Wtrio Company. 
I,aw. Engineering and Exporting. w* 0no y0M 86 no re l K , cctl ., 0 toign, t, wo years largo 

eastern utility, engineering and distribution 
departments, transmission lino stuclie^estlmating, 
inspection and maintenance. Desires position 
with contracting, engineering or utility company. 
Middle West preferred, Highest references. 


ELECTRICAL ENGINEER,, 31, single, who 
has been handling ’large construction projects 
successfully. Experienced and trained in engi¬ 
neering ijiaimgcmont, production control and 
construction. Especially valuable to engineering 
firm of* public utility, Electrical manufacturing 
or industrial connection considered. Location, 
immaterial. Salary commensurate, 0-630. 

O-RADUATB KX.EOTRIOAL ENGINEER 
AJND LAWYER, certified technical patent 
export, 

Patent 

married, desires permanent position. B-7252. 

TECHNICAL GRADUATE or Pratt Institute 
of Science anti Technology, 1020; 23, single, has 
had four years’ practical exporloncp la sub and 
generating station operation* and' maintenance 
work: desires permanent position with public. G-4043 


utility or manufacturing company dealing in 
electrical mater la l. Location, Now York or 
vicinity. C-3DU0. 

ELECTRICAL ENGINEER, 2ft. married. 
Ono year construction, two years oioctrical engi¬ 
neer with man a fact imor, past two yoars instructor 
In oioctrical engineering a\ State University, 
Desires pormanonfc coitffectkm with engineering 
or industrial concern or public utility. 0-1073- 
73-0-1-San Francisco. 

RADIO-VACUUM TUBE ENGINEER, 36, 
married. Degrees of B. E. E. and M. S, in 
Physics. Throo yoars in transformer design, last 
four and otio-half years receiving tube design 
and dovolopmont, including life tosts and per¬ 
form anco In close coordination with receiving set 
design. Familiar with tube manufacture and 
their application to circuits, B-1802. 

SALES AND GENERAL MANAGER, 33, 
married, college. Familiar business organization 
sales, manufacturing, engineering departments, 
Five years sales and assistant hi charge sales 
promotion large Public Utilities, Industrials, etc., 


eight years service and constructioii, largo eloatri- hi territory* oast of Rockies; later in Chicago, 
calShianufacturing company, Five years con- FIyo ycAirs engineering and manufacturing dopart- 
structlon power House and substation. Wide, monts General Electric Company. Interested 




ill 


mm 


acquaintance, central station anti industrial Hold. 
Location, Chicago. C-4088. 

- MANUFACTURER’S REPRESENTATIVE, 
wish to act as agent In Pittsburgh District for 
manufacturer of Electrical or Mechanics appara- 
Phs pr a^ippHes on fcomniisalon basis. Electrical 
onginoor with broad engineering oxporiorfbo. 

- 0-4080. # * .. * 

ASSISTANT Tjp OPERATING DEPART¬ 
MENT HEADED £ PUBLIC UTILITY or to a 
production manager of a manufacturing company. 

' Three years*‘shop oxporionco, machine and auto 
body shop; f8 months with largo public utility 
planning and economic studios, B. K. E. Jn 102c, 
0-2815). .. 

ELECTRICAL ENGINEER, 27#, singlo, two 


Hr- 

preferfe 
, PLAl 
: • • fl&id Inti 



in ndminlBtrallvu duties. 0-4112, 

DISTRIBUTION ENGINEER, 32, married. 
Eight years’ oxporionco two largo public utilities, 
desires commotion with public utility, preferably 
in Ohio or Midwestern stale. Broad overhead 
distribution oxporionco; comploto charge last 
four years revamping 26 systems serving towns or 
small cities 6000 to 25,000 population. Al«o 
underground transmission, small outdoor sub¬ 
station design oxporionco. 0-4021. , 

MANUFACTURING EXECUTIVE, A. 8. 
M. E. and A. I. E. E„ 45, married. A mechanical 
and electrical onginoor who has had marked success 
taking charge of anew product to bo manufactured, 
developing material and labor saving crpiipmont 
' . » . . - ... and putting into full operation, Hupcrvlshig all 

yoar^.Wp^nEhpu^ throo yoaw public tlo ,. nl a of ncoIlonllca i pm duoUoti and marketing, 

utility., Exporlonccd In design of underground Ij00ftUon , East protort U. 0-2-100. 
jj.nd,-><>voirhoad distribution syslome., Location 

preferred. East or Mlddlowost. 0-1208^ ELEO'riUOAL ENGINEER wants position 

ANT ENGINEER, married. ' Generating bi electrical hold. vyidoexporlcncGinonglnooring. 
indttstrJal plant construction and operation, manufacturing, 

;8UWoy ami improvement of industrial plants and 


manufacture, clovolopmont of automatic machines 
^automatic control of inaoliiuory. Vorsatilo, 
.respurcofiib capable of training men and inoroaslng 
bencioncy. Location, Now York City or vicinity. 

iSMSi: '.EXECUTIVE REGISTERED MECHANI- 
1 OAL ELEOTRIOAL ENGINEER; New Jersey 

if - -— - - - 


sal^s, orection and operation of 
atorago batteries. Graduate of Massachusotts In- 
slltuto of Technology Jn Electrical Engineorlng. 
0-4100. 

ELECTRICAL ENGINEER with twenty 
years 1 oxporionco In making surveys, designs and 
supervising tho construction of underground 


GRADUATE ELECTRICAL ENGINEER, 
28, married; two years’ oxporionco hi motor and 
service work ns ,f° l ’ G, tmm Wishos to obtain 
position in tiio Distribution Department of largo 
public utility whore there is chance for advance¬ 
ment. Location preferred, Middlowost or South. 
C-4073. 

ELECTRICAL ENGINEER, 41. married. 
Scandinavian, graduate of toclmicyil col I eg®, 

0 years in United States. Varied exp or I once In 
design of electrical and mechanical apparatus 
Capable of developing idonp. Also oxporlonced 
in power Jiousos and substatlona. Thorough 
education, knows several languages, Jit eluding 
Spanish. Willing to travel, but work, along 
theoretical lines proforrod. 0-210. 

ELECTRICAL ENGINEER, *48! Vtcrtod ex¬ 
perience in construction nmintoJftnco of Industrial 
plants and textile mills including tHo up-keep 
of cranes, elevators, romoto control, woldor and 4 
mngnots. Design and manufacturing of con¬ 
trollers, motors for Industrial trucks and. tractors;* 
also locomotlvos for mlno work; Ju charge of 
department for 12 yoars. Ijocation preferred, 
East or Great Lake region. 0-4-128. 

GRADUATE ELECTRICAL ENGINEER, 
25, slnglo, pno year out of Cornoll. Dcnlros work 
on station design, transmission or distribution, 
Six seasons of technical oxporionco Inclucllrig ono 
season of high lino maintenance; also ono yeiiv of 
station design. Locution preferred, ^Tow York 
State or vicinity. 0-4129, 

EXECUTIVE ENGINEER OH MANAGER, 
44, rtvo years collogo, seeks responsible position 
where 24 years’ oxporionco in tho Industry would 
appeal. Many years Wostlnghouso and Orockor 
Wheoior, and chief onginoor for two smaller 
concerns. lUvo years departmental manager 
in comploto charge of motor production, engineer¬ 
ing and shop, Also sales oxporionco. Unusually 
broad outlook. 0-30** . 

I’UBLro UTILITY EN*mNElCl{, 31, married. 
Kxporloiiood in bus and oloctrie utility oporatlon 
and dovolopmont. Costs ntid rates, public 
rolatlens, power salos, merchandising, organization 
routine, economics, etc., doslres pogltlqn as 
assistant to commercial or gonoral executive to 
take clinrgo of dotails, Loc;^lo»r8outlx or Went 
proforred but ImmaterlaL 0-4/32.^ ^ * 

ELECTRICAL ENGINEER, with broad 
oxporionco in design and Inauiifacturo of W1 
electrical apparatus and instruiAonts. Thoroughly 
practlcal # raamtfaofcure and 


and Pennsylvania; engineering statistics, l.ipost; 


luwwv „ ___ familiar with do9lgn t ........ 

distribution syalOEti^. Itus boon exceptionally application of such products. •EkPCfioiicod .^Kopi- 
successful on recent Tlneo-Thase-Four wire tivo capable of building xyp* now or ini^|pying 
By stoma oil hndoj^rouhd diatributiph, Ipdl'ildtiftl •old^organizations. KxpoH in dcyoiopiiijg; manu- 


illifS 

'- y: '-a* 


rcduoiiop'and reorganization of industrial factories surVoya panel (loajgtis cdnsldcrod bn a : ih,o#thly facuiiing inothods and 
and power plants; design, construction, imdnto- salary hnsla., Highest, rcfcroiicba from 1 leading 
p 0wor! n ro protection; onglncors. B-4272. 


nanoc; strain And water 


; and quantity production! Anferlcan ^ Ohrlstjan. 
b-2721.. : # ^ 
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MEMBERSHIP - Applications, Elections, Transfers, Etc. 
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J I • 1* 

RECOMMENDED FOR. TRANSFER 

The Board of Examiners, at its meeting Hold 
February 8, 1928, recommended the following 
members for transfer to the*grade of membership 
indicated. Any objection to those transfers 
should bo died at once with the National 
Secretary, * 

• To ’Grade ol Fellow 

Littleton, jesse t m oidef, physical 

, Laboratory, Corning Glass Works, Corn lug, 

N. Y. 


iiijtim 


fU| 
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To Grade of Member 

BASSETT, WALTER G.\ Chief Engineer, Cady 
Lumber Corp., McNary, Arlz. 

BLACK, JOHN O , Supt„ Southwest Power Oo., 
Rogors, Ark. 

BROWN, MICHAEL J., Electrical Engg. Dept., 
Brooklyn Edison Oo.\ Brooklyn, N. Y. 

CONNELL, LAWRENCE H„ Research Engi¬ 
neer, Detroit, Edison Co., Detroit, Mich. 

GAMBLE, LESTER R, t Asst. Elec. Engr., 
Washington Water Power Co., Spokane, 
• Wash. « 

GRAYSON, ALFRED CLARK, Supt. Elec. 
Oonstr., * Public Service Production Oo,, 
Newark, N. J. 

HOOKADAY, QLIN S,, Transmission Supt., 
Texas Pr! & Lt, G!o„ Dallas, Texas, 

HUANG,* THEODORE S., Electrical Designer, 
Stone & Webster, Inc., Boston,. Mass. 

JOHANSSON, J?ARL W.* Switchboard Engineer, 
Westinghouse E. & M, Co., East Pittsburgh, 
Pa. 

JOHNSON, RICHMOND O., Electrical Engineer, 
• 2038 Cleveland Ave., Kansas City, Mo. 

LEE, EVERETT S., In charge, Insulation 
Division, General Elec. Go,, Schenectady, 
N. Y. 

LOGAN, HENRY, Engineering Consultant, 
Holophano Oo., New York, N. Y. 

MILLS, EDWARD A„ Supt. of Power, Tenin, 
Copper Co., Oppperhill, Term. 

PAWSON, HERBERT E„ Asst. Commercial 
Mgr., Power Oorp, of Canada, Ltd,, Montreal, 
*QU&i;pah. 

PERRY. IRVING D ? , Engg. Asst,, Public 
. Sbrvice Production Co., Newark, N. J; 

READY, WILLIAM A,, President and Genera! 
Manager, National Co., Inc., Cambridge, 
Mass. 

SENAUKE, ALEXANDER, Assistant Director, 
Popular Science Institute, New York, N. Y. 

SHANOK, ROY B„ Engineer, American Tol, 
& Tel. Co., New York, N.Y. 

SISSON, CHARLES E., Transformer Engineer, 
Canadian General Elec. Oo., Toronto, Ont., 
■Can, 

STltONG, ELJvIER E. t Vice-President, Schtefer 
Eleg.Ki?e,75^f Rochester, N. Y, 

SWAN, .GEORGE L., Engineer, National Board 

. ? of Eire Underwriters, New York, N. Y. 

‘ ■ 

TENNYSON, ALFRED L„ Supt. of Engg., 
Rio de Janeiro Tramway Lt, & Pr, Co,, 

ft Rio de Janeiro, Brazil, S. A. 9 

TERRY, CLARK A*, Supt., Sherman Island 
H^ck«-Electric Development, Glens <5?alls, 
N.Y. * ^ •: •" : 


APPLICATIONS FOR ELECTION Oujjtls, F.> Southern Sierras Power Oo., Riverside; 

Applications have been received by" the Sec- Calif, ♦ 

refcary from the following candidates for Section Dean, G. E„ Public Service Electric & Gas Co., 
to membership in the Institute. Unless otherwise Newark, N. J, 

indicated, the applicant has applied for admis- Dempster, E, R., Jenson Radio Mfg. Co., Oa Id and, 
slon a^an Associate. If tlio applicant has applied Calif. 

for. direct admission to a grade higher than Aaso- Derrick, C. L,, Public Service Electric & Ga$,Oo., 
elate, tho grade‘follows immediately after tflo Newark, N, J. * . , 

►name. Any member objecting to tile election Dowd, A. J.*Western Eloctri^Go., If^arny, N. J. 
of any of these candidates should so inform tho Durgia, M. E., Olmdostown High School, Oh&t’fes- 
Soerctary bofpro March 31. 1028. * town, Mass. 

Alexander, A. M„ Hub Englnooring Oo.. Now ^ (Applicant for re-election.) - .*• 

^ Dusinborro, O., School of J&iglneoring of Mil* „ 

wfuikce, Milwaukee, Wls. * 

Engh, H. M., Mutual Telephone Co., Erie, Pa. 
Enssor, B. H„ Waldrlch Bleachery, Dtrtawaiinai 
N. J. 




York, N.Y. 

Allen, R. O.*,. Westinghouse Elec. & Mfg. Oo., 

East Pittsburgh, Pa. 

' Anderson, G. D. E„ Canadian Westinghouse Co., 

Ottawa, Ont., Can. 

Araldsen, O., Brooklyn Edison Co., Brooklyn Evail S el i E., Mountain States Tel. & Tel. Co., 
v v . Denver. Coin. 


’ * r 'I vi 

L v.:^:i?5*55Rl 

* ■ ’'-M W< 


N. Y. 

Armitage, L. O., 207 Grand Ave., Brooklyn, 
N, Y. 

Arc, I, N., General Electric po M Philadelphia, Pa. 
Atkinson, R, G„ Pitfclic Service Go. of Colorado, 
Denver, Colo. • V 

Auger, P. E., Bell Telephone Laboratories, Now 
York, N. Y, 

Augur, J. M., Westinghouse Elec, & Mfg, Col, 
Hartford, Conn. 

Ball, M. T,, Bull Dog Electrical Products Oo., 
Grand Rapkla, Mich. 

Becker, G. T„ Brooklyn Edison Co., Brooklyn, 
N. Y. 


Denver, Goto, 

Evendon, P. Public Service Production Oo., 
Newark, N, J. n 

Farrow, F, R , Jr., Victor Talking Machine Co,, 
Camden, N. J. . • * 

Fatum, O. H,, Public Service Production CJV, 
Newark, 1ST. J, 

Feather, A. M., Texas Louisiana Power Co, 
Fort Worth, Tetfas 

Fonnis, A. M„ English Electric Co., St. Catharines, 
Ont., Can. * 

Fienoman, O., Safety Cable Co.. Bayonne, nI J? 
Finley, S. It, G., (MembwO, Ohio Public Service 
Go,, Mansfield, Ohio 




Billings, 6. P., (Member), Electric Bond & Share Flsh ^' B - Mountain StaOs Tel. Jk Tol, 66., : 


Denver, Oofo. 

Fisk, W, B,, Jr., Brooklyn Edison Co., Brooklyn, 
N. Y. 

Fleshinan, B. A., Bristol Gas & Electric ‘ Co., 
Bristol, Tonn. 

Fogcl, F. K„ Electrical Contractor & Eisglneer, 
Allentown, Pa. 


Co,, New York, N. Y. 

Bronson, R. 0., Erie Lighting Co. 5 North East, Pa. 

Browne, K. A.. Cornoil Uniyersityr Ithaca, N. Y. 

Brundago, H, F„ School of Engineering of Mil¬ 
waukee, Milwaukee, Wis. 

Burns, D. G., Canadian Wostioghouso Co., Ltd., 

Hamilton, Ont., Can, 

Burr, G. W„ Boll Tetophone Laboratories. New Ford ^ I '’ l °v ° on< f« Electric Mfg. Oorp.. New. 

York, N.Y. York, N.Y. 

Bush, R. M„ Virginia Electric & Power Oo.. Forr ^' ®* ^ Standard Dpntal Mfg. O'o.;^ Plilla- 
Petersburg, Va, dolphta, Pa. ^ 

Byrno, R W., White Metal Trust Oo.. Los ^ancesM. A., Brooklyn Edison Co.. Brooklyn. 


'1^ 


• : 

’ . ’ '' fr-fy i: 

imi, 


Angeles, Oalif. 

Oarneiro, U. G„ Allis-Chalmers Mfg. Oo., Mil- 
^ WiS 

Oarponter, V. TV.. (Member). Bell Telephone Prey ;®* A " Locks rnsulflt <«- 0o,, P- Baltimore. 


Freeman, R, B„ Columbia Powor Qo.* Columbia 
Park, Ohio ** 


Laboratories, Now York, N, Y. 

Charles worth, G„ Iowa Railroad Commission, 
Des Moines, Iowa 


Md. ;• / m 

Cfartnor/H. C., Union Gas & Electric < Uo., < *Oin- 
cimftiti, Ohio * m 


Oliestor. P. E.. (Member). Philadelphia Electric Gates, RML, Century EloctiJc Oo.,' St; Loufe,Mo. j 


; :.m 


Mm 


Co., Philadelphia, Pa. 

Chin, L, O., United Electric Light & Powor Oo M 
New York, N. Y." 

Christopher, A, J., Bell Telephone Laboratories, 
Now York, N.Y. 

Oiarelli, P, F., Now York Edison Co., New York, 
N, Y. 

Clyde, J. P., Public Service Oo. of No, Illinois, 
Oldcago, III. 

Collins, J. 4 Public Service Production Co., 
Newark, N. J. 

Connolly, J, P„ Hoffman Elias, New York, 
N.Y. 

Consolver, P M Illinois Power & Light Oorp., 
Oiiicago, i\l t 

Ooponhaver, P v S. t Western Union Telegraph Co,, 
New York, N. Y ? . 

Costa, A., T, F., Jones & Oo., Now York, N. Y, 


Telop^onc 


one; Laboratories, 


Given, E. J„ Bell 
New York. N. Y. 

Glenn, H. II,, (Member), Bell Telephone Labors» 
torlo^l Now York^N* Y, • . 

Gllddon, W, G. O., Gatineau Power Oo., Ottawa, 
Out., Can. .* , j •/. • 

Goetz, M. T„ Illlilols inspection Bureau, Joliet, 

• Ill. • W - r. . , ‘ • '• 

Gooclrklge, W., General Elociric Co., ^lUladelpliia, 

Pa, ‘ ^ 

Gourley, r r, S., BroM ^stmmeut OoJ, Philadel¬ 
phia, Pa, 

Grant, O. <M-embor), Safety? Q.ablo Co., ‘DLy, 
of General Cable Oorp., New York, N. Y/^v 
Grig non, F> Ji, Bell Telephone' Laboratories, 
New York, N. Y. V r 

Haborl, W„ Public Service ^Production bo,, ^ 
'Newark, N. J. 

Hanford; 

on 


! - 

* WM 


mm 




rd, J. R„ Public Sorvice Electric & (pas CfoLL. . 
r N, J M Newark, N. J. :.- v 

i\ .13. L.» Westinghouse Elec. & Mfg, Oo., 


WOOD, HARRY G„ District Engineer, Westing¬ 
house* Elec^ & Mfg. Oo,, New York, N. 


Oox, V. L., General Electric Oo., Philadelphia, Pa. 

Oreasoy, W., So. California Edison Co.', Long Harder, 

0 Beach, Oajtf. East Pittsburgh, Pa. 

OrJ|itenden, R. E, p Public Sorvicc Efectrlc & Gas Haskell, G* ML (Member) 'Safbty':^v 

* Oo., Newark, N, J, Vew York, N; Y* " 1 1 

; OuiTan, R,, Westinghouse Eleq, Sc Mfg. Oo., Hayward, C. i>., California institute of Tech- " 

.;• .Pittsbiggh, Pa ,.' '''^ ^ iT ! nolbgy:Pasadoiia, OaUf, " J| '', ; 




‘ ;• • H. I" v ,,.i y\ . ;;• Pjf, 
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INSTITUTE AUTO IlKLATH/D ACTIVITIES 4 r Journal A. I* E. E. 

2*10 ( • « * r 

'.«* Tji-ttiHtia i, I., Gotland Elactric Oo. ( PirtuftoTd, Tyrnors H. L., Mass. Institute of Technology, 

IIpllor, J. K., Valuation Engineer, San Francesco, l u P*^ * 9 fcambridge, Mass. 

Glallf. , " _ -nc^4H a : a,> Allls-Olrnlmora Mfg. Oo., M1U Van Doeren, O. A., Missouri School of Mines, 

. HomUorl W. F.. ’WoBtlnghouBo Elec, to Mfg. Oo,, Ploa * ^ wls< • , Ro]ln,Mo: 

East Pittsburgh, Pn. 4 * , Pl _ lrim A , Ntn'lliwoslovn Electric Service Co. Veit re, F. E., Jr.. Baiagua Sugar Oo.. Central 

Hlcly, J. W„ Now York Edison Oo., Now YorX, J • ■ • MofttlvlU 5 ( p tt . v Baragna, Oamoguey, Cuba 

N, Y. . _ Prtn o it Hast Hay Writer Co., Oakland, CAlif* Virgirt, 9. P„ Oklahoma Gas & Electric Qo., 

HSlbort. W, F., Edison Kloc, Illuminating Oo. ion,> * ’• Boll Toloilhono Laboratories, Norman, Okla. ~ 

or Boston, Boston, Mass, * 1 os * v ; k N y. Warren, J. E.Y(Member), So. Boll Tel. &TTel. Co., 

ti. .1 n» i >/1 Mmv Ynrtt. XMUW »^ l, V . — . « a _n™ * 


Telephone Laboratories, Norman, uuia. 

or Boston, Boston, Mliss. * ' ~ ' Now York, N, Y. Warren, J. E,Y(Member), So. Bell Tel. &TTel. Co, 

Hlroimlcn, K« Mitsui & Oo., Ltd,, Now Ydrk, s lglcctrlcal Engineer, • Tovpnto 0, Atlanta, Ga, ' • 

K . Y . - 3 1 olit Can. ‘Vyatson, W. S., City Water &'Light Dept., 

ITotf, II. O., CoAnnonwealth Edison Co., Olitcago. - ‘V j j g wostlnghouso Klees. & Mfg*. Co., Hastings, Nobr. 

* UU p Conn. .• . Weber, H. A., Bell Telephone Laboratories. 

* *Hoppock, A. H„ Stowurt-Warnor Speedometer D p U bllc Sorvlco Elootrlc & Gils Oo ^ v 

Mfg. Oo., Chicago, III Ql 1 * - ~ - 
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I <*► mil, iNUH • “ ’ 

Public S or vice Production 

Cablo UO., ironwH 1 . *■«, <*■ • - T 

, No^nTy. ' _ TO, 

Johnson, A. G., Bureau of Powor & Ll«ht. Bo, 1{0Mtu „ l0 at H. A,. Bronx Oft* & Klcclrlo Oo.. Ala. 

’ * .^CatlltSilalw^'cK! B. M. T„ llraoldyn, N. Y. M«Im« ttloctrlo-U#ht Oo.. .Foreign , 

1 kJISw, A. a.. Blorld*Powor & Bight. FortPlorce. u >wa Aboil. It. H.. British Thomson-Houstou Co.. BUV. 

* nvmi E A., Surety Oablo Co, TJayonno, N> j. Bug by, Eng. _ T i-h TTidier 

■ Kuarnoy, A. A.. Northern State* Powor Oo., «> ' ' Al ’ Ur( ^,ayn ISrtlsoi, Oo„ Brooklyn, naUlwtn. O. S. S., Ferguson Pallln. Ltd.. Higher 
— . St Paul, Minn. Salllw. O. J . » . • Oponshaw, Manchester. B^g. 

Ksat, 8. H„ Public Sorvlco 1’roducUon Oo., H , 0 „ lirnolclj?,. Ktllson Oo., Brooklyn. Bonsova. G- S^. Siomeus (Australian) Pty.. 

W^ ^J.^Ania-OhalmorB Mfg.-Co., Olllcngt). n xMUIailolphlft Klcctrlc Oo., Pb«a- Fajita^ I., Shlbaum fenglneerlBB Works. Tokyo, 

*.«•• Vostorn.lSloOtJiio Oo„ ICoarny, N. J> f“l^o ,l ^.“i» on ,, 8 yJvnt,lH Power & Bight Oo.. Groonwood, L,.. Rees Boturbp M*g. Oo.. WoUer 

,fcWK~ “ p “™ “ : 3 h”:. p S;„ — - — r- 

; WpsUndidU«o Eloc. to Mfg. Oo., Simiio . Jahanporo, U. P., *^ Qfriwfft „ fc at Oxford, 

Olov61andr Ohio ux 0l ?'Ar «r nan tins' Glass Works. Corning, pollock, O. A.. :Itesoaich Stuc .. 

1 akos Jff • Broffltiyn Polytcclitilc ljmtltutc. HhtiYOl, W, V *. Mngulon College, Oxford, Ei^.- H1 ' blken ^ 

North Bfist, Pa. , ...,. 1a fl ,j w„ ootl 15. Oontral Avo.. Ilomot, Oallf. wild, % N., I oirauu, 

mm. P B , 3V-, PIUlntloll>¥* ISteOWo Oo., Shjdoloi- ^ (Montt)or)l Alcoa Powor Oo.. _ n ^ |octrl o, ty supply: Commission, ( 

<uJErSV% 

' Mi,Sf d. nSokiyiS: Wg g-K' »«— I5I1 *“ 0O " V “”‘- • J-^SSKSSKSS;”"' 

;■ * • r ° * s^fessass^-i.’^ 

rr. :: 
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■Mar. 1928 


INSTjfr'UTE AND BELATED ACTIVITIES* 


x •> 


Eborliard, Jacob J. ( University of Santa Olara 
Eknayan, Hrnnt, Ohio State Univoraity * 

’Elcau, William C. r Virginia Polytechnic Institute 
Pischbacli, Howard K., Duke University 
Fosboiys, Hoy, Renssblaer Polytechnic Instltuto 


Mar, yoh-Ohion, University of Washington Quamf Harry L., South Dakota State Oolfege of, 

Marchant, Reynolds, Virginia Polyteclydc Inst, A. & M. Arts 

Mattoson, Horace N,, Pennsylvania State College Rawson, Dpwning 0., University of Oolorado 
Mattosf George, UiAversity of Santa Olara Raynor, Jame^W,, University of Oolorado 


Mattos? George, UiAversity of Santa Olara 
McArthur, Merritt H., University .of Idaho 


Reed, Raymond H,, University of JNTobraska 


Frost, Edward !L., Jr., Virginia Polytechnic Inst. Moyor, Charles B., Rcnsselae* Polytechnic Inst. Roid?*Robert O., Virginia Polytechnic Institute 


Fuldnor, Walter H., Uirtvqvaity of Wisconsin Miller, Evcfett RensSolaer Polytechnic 
Gay, Arthur W., Uni versify of Nevada Mll^r, John, W., 01 arks on College of Techno 

OJills, JohnJD., Univoi’stty of Santa Olara Moorlvoad, George II., Rensselaer Folyfechnh 

Goodman, Charles Ij m Jr.» Virginia Polytechnic More, William E., Northoastorn University „ 
Institute • . .. , Morgan, Adrian H„ University of Washlngfc( 

Gowans, Floyd, Universt|a£pi*Utah . ’. w ' Morgad. Donald*O., Rensselaer Polytechnic 


Miller, Everett EL, RensSolaer Polytechnic Inst, Reiser, L. Milton, Eng, School of Jvlilwnukeo 
Mlllpr, Jolm.W., Clarkson College of Technology Robbins, Lynn R., Rensselaer Polytechnic inst. 
Moorlvoad, Georgo II., Rensselaer Polytechnic Inst Robltch, Irving O., Rensselaer Polytechnic Inst. 
More, William E., Northeastern University . Roda, Crystal F., Iowa State Collage 
- Morgan, Adrian H„ University of Washington Rothgeb, John L„ Virginia Polytechnic Institute 
1 Morgad, Donald*0., Rensselaer Polytechnic Inst. Rundeii, Theodore, Oltio Northern University 


Groonman, Harry F., Oarnogio Institute of Tech. Morrison, Robert J., North Carolina State College Sandstrom, A. Ture, Eng. School of Milwaukee 


Gregory, Howard M., Nortlienatorn University MotloyjLyle S„ Virginia Polytechnic Institute 
Grovemborg, Alborfc\J , Jr,, Louisiana State Univ. Moudy, Ervin O., University of Wyoming « 
Griffiths, Loland'Rr, Eng. School of Milwaukee Muoher, George J., Rensselaer Polytechnic Inst. 
Grogrnn, Patrick H„ Jr., Renssolaor Polytechnic ^Ulhoru, John F., Northeastern University 

Institute * Nagnshi, M. Howard, California Institute of Tocli 

Hhns, Stanlc^A., University of Oklahoma LymanBLobl^.Uniwslty 

Hackonbevg, John H., Ohio State University JJoblt, Henry P.. ^. Virginia Polytechnic Inst, 
Hagen, Vivian E., Ronssolner Polytechnic Ins t. OBd 0 n.01ydoF..01a.csonOell6BO of Technology 
Harvln, Charles B„ Johns Hoplclng Unlvorslty °J 


O’Donnell, Hugh W., Virginia Polytechnic Inst. 

Hawley, Cloyd I,, University of Nebraska Wendell Ohio State University 

Henry, A. Lucius, Uonssolner Polytechnic Inst. “"T^T V or Washington 

Hoywoed, Don W„ Eng. School of Milwaukee “""‘I 1 *? N.Univorslty of Washington 

nockorsmlth, W. F„ University of Washington ° sb01 ' ( n9 ' »H.,Iowa State Collego 

Hoohloln, Fred W„ Ronnsolaor-Polytechnic Inst. Overset Joseph a, Unlversly of Louisville 
Hollis, Charles J„ Oln.ksou’Oollogc of Technology “5^- T N ^ °xX 

Ilorgan, Andrew B„ Jr.. Lehigh University £“ b9 ^' ™ ? 7 “^t a ufnf Mall 

Hurlbut, Harold. Unlvorslty of Washington p“ “ £! ’» r i 

Jones. Itobcrt S., Virginia Polytechnic Institute m °°°*’n ''r ?? .an r\nU 

Kidd, William 0., VirginJo, Polytechnic Institute pSSj wmw m n 

Klrchor, Itoymond J.. California, Inst. of.Tebh. 3 

r lull,, 'a _TT«t AiiaUn Pillars, M, Dorwin, Oregon State OoUogC 

Plnedo, Morris, Renssolaor Polytechnic Ins' 
Larson Robert A., Norfchcvtstorn Unlvorslty Plnkorton> r.loyd, Unlvorslty of Wnshlngtoi 
Loach, J. Lawrence, Iloijssolaer PolytechnlgJnst. ^ r., is30 h a„ Unlvorslty of Washington 
LoBorgne, Oyrus Hv.^nlVoMlty of Santo Clara Coollyj Lewl8 Instltut0 

Loo, Box E„ University of Florida Potadlo. Lawronce R., Unlvorslty of Nobrn: 

Lovoy, Bernard, Jr., University of Louisville Powers. William J., Virginia Polyteohnio In 


Sarino, Walter G. ( Rensselaer Polytechnic Inst- 
Sato, Kimiji, University of Washington j ' 
Shafer, G. Harold, University 

Sliinohara, Mitoki, T9lcyo Imperial University * 
Sills, Carl H;, University of Kansas 
Slocum, Roy F., California Instjfciitp. of Tpclw 
Smith, C. Elliott, The Mimicipn.1 University of , 
Akron 

Smith, George A., Rensselaer Polytechnic Jnsfc. 
Somers, Frank J., University of Santa Olrtta 
Steen, Herbert N., University of "Washington 
Stincbcomb, Emory L„ Jr., Johns Hopkins 
Suter, Merle, Washington & Lee University ' 
Taylor, E, Arthur, State College of Washington 




Parot, P, Murray, Newark College of Engineering Terrill, John B., Jr, r Virginia Polytechnic InstituRj 


Peabody, Willium J,, Goorgia School of Tech. 
Peterson, Charles H., Unlvors^y of Maino 
Pougnot, Cecil R. r Roflsskilaer Polytechnic Inst. 
Phelps, James O., Noi^ho^torn University 
Pickslay, William M., Jr., Lehigh University 
Pillars, M, Dor win, Oregon State OoUogo 
Plnedo, Morris, Renssolaor Polytechnic Instltuto 
Pinkerton, Lloyd, University of Wasliington 


PofcadlG, Lawronce R.,.University of Nobraska 
Powers, William J., Virginia Polyteohnio Instltuto 


Linton, EaiHd W, L., Ronseelaor Polytochnic Inst. Pritchard, William E., Lafayotto College 


Trevor, Bertram, Cornell University vv •• v L 

Tucker, Grover G., Virginia Poly technic Institute • 

Turner, Reginald B., Jr., Virginia Polytechnic Ins 9 * j 

Warner, Sydney E., Rensselaer Polytechnic Inst- 
Watts, Pryor L., Virginia Polyteclrnio Instltuto ■ ,1 

Webb, Charles O., Engg, School of JVIUwaukee ;] 

Webb, Wilbur L., Stato College of "W'aLahiiltton . m \ 

Weil, Robert G., Rensselaer Polytechnic Institute , • 

Wilson, John W,, University of Florida ^ • v j 

Wilsou, Robert 0.7 Jr., Virginia Polyt^hnic Xtiat v .';;' 

Woodward, William Bo, Themunjclil^l University f .4 

of Akron •' • “ v l,f ' y^' : ? 

Total 162.' > • ; i 




V OFFICERS A. I. E. E. 1927-1928 


C, C, Chbsney 

H* M. Hod art 
B. G. Jamibson 
Georoe L, KNiaiif X!! 
H. PI, Sciioolfield - 
A* EirBatTis ;-:-h 

John B, WHiTunbAn 
J, M, Bryant 
E, B, Mrrriam 
M, M, Fowler . 

H, A, Kidder 
C, Stone 

Rational Treasurer 
George Ai Hami uton 


President 

Bancroft Gherardi 
J unior Peat Presidents 

.J:'!' M, I. PUPIN 

Vice-Presidents 

' O. J. Ferguson 
E. R. North mo] 


Columbia University Scholarships, W;;L Sllohter 
Award of Institute Prizes, H. P. Charleawortn 
Safety Codes, L Pp Jackson 

SPECIAL COMMITTEES 


, • OPLUIAIj UUlViiXUl r, ,. = • # .J 

Advisory Committee to the Museums of the Peaceful Arts. J. P. Jackson ; 

Licensing of Engineers, Francis filossom; • • 

TECHNICAL COMMITTEES AND CHAXRMEIir . ♦ , : ; , ; i: 

AtimMATinS tations. Chester Lichtenbcrs* -. ! s-- . .. .. •• -< . u.&di 


Managers 


E. R. Northmore 
J. L, Beaver 
A. B. Cooper 
C. 0, Bickelhaupt 


Automatic Stations, Chester Lichtenborg 
Communication, H, W, Drake 
Education, P. M» Lincoln 
Electrical Machinery, F. D. Newbury 
Electric Welding, J; C, Lincoln 


SV>'V:'rr/c| # 


L12. Moultrop 
H, C. Don-Carlos 
.• ^ J. Chestrrman 

J C, Hanker 

E/.B, Meyer 

' • * : f : H, P, LlVKRSlDGE 

National Secretary 
F, Li Hutchinson 
Honorary Secretary , 

Ralph W. Pope 


: . local honorary secretaries * 

. J, Fleming. Calte B, Mitre 510, Buenos Aires, Argentina, S, A. 


II^ w W, Plasiinian, Aua. ’ Weat[righouao Elco. Co. Ltd,,, Cathcart House, 
ll Castlereagh St u Sydnay^N. S. W., Australia, ’ i 
F. Servos, Rio do Janeiro Tramways, Light & Power Co,, R-w do Janeiro, 

CharlesJe Mnlfitro. 28 Victoria St., London, vS. W. l,:Rngland,. 

, ' A, drtTnrflold, 45,13d. BeAugejour, Paris 10 E., France. ■ 

P, W, WilHSi Tata Power,Companies, Bombay House, Bombay, India 


W. Efsdon.Dew/P. O. pppp^^burg, Transvaal, Africa. 

A. I. E. E, COMMITTEES 

/in P—i. At*. 7' Vi j'Z-'jL 1*1 r, \ t La J fnun A J1 


(Ahfst of jlie pe^nqoi of Institute committees may be^ 1 found in the January 


Applications to Marine Wo*k, W. E, Thau , '■ 

Applications to Mining Work, W. H.,Les8er :: 
General Power Applications, A,■ MJ MacCutcheon; ; 
Power Generation, W. S. Gorsych ' m ; . ; ;i- 
Power Transmission and Distribution* •Philip Torchio 
Protective Devices, F* L. Hunts 
Research, F. W. Peek, Jr.^ . \ 

Transportation, J. V. B. Duer . 

A. I. E. E. REPRESENT^ 

(The Institute is represented on, the foUpwing bodies; t 
sentatives may be found in the January issue of the Jouri 
American Association for the Advancement 3ci 
American Bui^au of Welding 
American Committee on Electrolysis^ 

American Engineering Council 
■ American Engineering Standards Committee . 
American Marine Standards Committee ;' '»■ 

American YeAr Book, Advisory B<3Ard ' 


• • . ■■ * 
;• ■" . •.#. V-^ :, i! 

. *■: •.:'■ ■ : l'i ^ 

:heon ■ ■ 4 



Board op Trustees, United Engineering Society 
Charles A. Coffin Fellowship and Research,Fund 
Co^httee OF Apparatus Makers and Users.TIation 
Committee on Elimination op Fatigue, Society of Ii 
ENG iNKERiNaF oundation Board 
t oiin Fritz Medal Board of Award ; 

01 Nr Committee on Welded Rail Joints ; 

oint Conference Committee op Four Founder Soci 
i ijrary Board, United .Engineering Society 
National Pi re Protection Association, Electrical 
National Fire, Waste Council 
National Research:,Council, Engineering Division 

NATioNAbBAtotyCouNciLf Electrical 9,oip,OT^ 

Tub Newcomen Society ' > 

RAbro Advisory Committkb, Bureau ^pTANPARP^ 
Society for^hu Promotion of Engineering Lducat 











Chairman 


A* L. Richmond 
T. H. Landgraf 



•INSTITUTE AND RELATED ACTIVITIES 


Secretary 


LIST OF SECTIONS 

. *»•'*. frame 


* Chairman 


Journal A. I, E, JC 


Secretary 


W. Davis 

B. E. Ward 
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